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lar year,  Members  of  this  class  (Annual  Subscribers)  lose  for  tJiat  and  all 
future  years  the  privilege  of  receiving  the  volumes  of  the  Association  gratis : 
but  they  may  resume  their  Membership  and  other  privileges  at  any  sub- 
sequent Meeting  of  the  Association,  paying  on  each  such  occasion  the  sum  of 
One  Pound.     They  are  eligible  to  all  the  Offices  of  the  Association. 

Associates  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  bo 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 
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The  Association  consists  of  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on  ad- 
mission Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to  the 
payment  of  One  Pound  annually.  [May  resume  their  Membership  after  in- 
termission of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the  pay- 
ment of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  following 
year.  [May  resume  their  Membership  after  intermission  of  Annual  Pay- 
ment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratis,  or  to  purchase  it  at  reduced  (or  Members')  price, 
according  to  the  following  specification,  viz. : — 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845,  a 
further  sum  of  Five  Pounds. 

New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 

Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Members'  Prices ,  viz.  two- thirds  of  the  Publication 

Price. — Old  Life  Members  who  have  paid  Five  Pounds  as  a 

composition  for  Annual  Payments,  but  no  further  sum  as  a 

Book  Subscription. 
Annual  Members  who  have  intermitted  their  Annual  Subscription. 
Associates  for  the  year.     [Privilege  confined  to  the  volume  for 

that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  first  seventeen  volumes  of  Transactions  of  the  Associa- 
tion, and  of  which  more  than  100  copies  remain,  at  one-third  of 
the  Publication  Price.  Application  to  be  made  (by  letter)  to 
Messrs.  Taylor  &  Francis,  Red  Lion  Court,  Fleet  St.,  London. 

Volumes  not  claimed  within  two  years  of  the  date  of  publication  can  only 
be  issued  by  direction  of  the  Council. 

Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

MEETINGS. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  at  the  pre- 
vious Meeting ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Officers 
of  the  Association. 

GENERAL  COMMITTEE. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

1.  Presidents  and  Officers  for  the  present  and  preceding  years,  with 
authors  of  Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society, 
which  has  been  printed  in  its  Transactions,  and  which  relates  to  such  subjects 
as  are  taken  into  consideration  at  the  Sectional  Meetings  of  the  Association. 
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RULES  OF  THE  ASSOCIATION.  XIX 

3.  Office-bearers  for  the  time  being,  or  Delegates,  altogether  not  exceed- 
ing three  in  number,  from  any  Philosophical  Society  publishing  Transactions. 

4.  Office-bearers  for  the  time  being,  or  Delegates,  not  exceeding  three, 
from  Philosophical  Institutions  established  in  the  place  of  Meeting,  or  in  any 
place  where  the  Association  has  formerly  met. 

5.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  who 
are  specially  nominated  in  writing  for  the  Meeting  of  the  year  by  the  Presi- 
dent and  General  Secretaries. 

6.  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  Sections  are 
cr-ojlcio  members  of  the  General  Committee  for  the  time  being. 

SECTIONAL  COMMITTEES. 

The  General  Committee  shall  appoint,  at  each  Meeting,  Committees,  con- 
sisting severally  of  the  Members  most  conversant  with  the  several  branches 
of  Science,  to  advise  together  for  the  advancement  thereof. 

The  Committees  shall  report  what  subjects  of  investigation  they  would 
particularly  recommend  to  be  prosecuted  during  the  finding  year,  and 
brought  under  consideration  at  the  next  Meeting. 

The  Committees  shall  recommend  Reports  on  the  state  and  progress  of 
particular  Sciences,  to  be  drawn  up  from  time  to  time  by  competent  persons, 
for  the  information  of  the  Annual  Meetings. 

COMMITTEE  OF  RECOMMENDATIONS. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Committees, 
and  report  to  the  General  Committee  the  measures  which  they  would  advise 
to  be  adopted  for  the  advancement  of  Science. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects,  shall  be  submitted  to  the  Com- 
mittee of  Recommendations,  and  not  taken  into  consideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Recom- 
mendations. 

LOCAL  COMMITTEES. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association  to 
assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers  those 
Members  of  the  Association  whose  assistance  they  may  desire. 

OFFICERS. 

A  President,  two  or  more  Yice- Presidents,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  annually  appointed  by  the  General  Committee. 

COUNCIL. 

In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall  be 
managed  by  a  Council  appointed  by  the  General  Committee.  The  Council 
may  also  assemble  for  the  despatch  of  business  during  the  week  of  the 
Meeting. 

PAPERS  AND  COMMTTNICATIONS. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 
his  right  of  property  therein. 

ACCOUNTS. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
appointed  by  the  Meeting. 
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PRB8IDBNT8  AND  SICMTAJUIS  OP  THB  SECTIONS. 


XXT 


Presidents  and  Secretaries  of  the  Sections  of  the  Association* 


Date  and  Place. 


President* 


Secretaries. 


MATHEMATICAL  AND  PHYSICAL  SCIENCES. 

COMMITTEE  OF  SCIENCES,  I. — MATHEMATICS  Aid)  GK5KRAL  PHYSICS. 

1832.  Oxford Danes  Gilbert,  D.C.L.,  F.R.S....iR*v.  IT.  Coddington. 

1833.  Cambridge    SirD.  Brewster,  F.RS Prof.  Forbea. 

1834.  Edinburgh   |Rev.  W.  Whewell,  F.RS...' '.Prof.  Forbes  Prof.  Lloyd. 


SECTION  A. — MATHEMATICS  AIH)  PHYSICS. 

1835.  Dublin ]Rer.  Dr.  Robinson Prof.  Sir   W.    B.   Hamilton,    Prof. 

I  i     Wheatatone. 

1836.  Bristol jRev.  William  Whewell,  F.R.S....  Prof.  Forbes,  W.  S.  Harris,  F.  W. 

I     Jerrard. 

1837.  LiTerpool ...  Sir  D.  Brewster,  F.RJ3 W.  S.  Harris,  Rev.  Prof.  Powell,  Prof. 

I     SWellv. 

1838.  Newcastle...  Sir   J.  F.  W.  Herschel,   Bart,  R*r.  Prof.  Cherallier,  Major  Sabine, 


1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth.. 

1842.  Manchester 


F.R.S. 
Ber.  Prof  Whewell,  F.ILS 


Prof.  Forbes,  F.RS. 


Ber.  Prof.  Lloyd,  F.RS 

Very  Rev.   G.    Peacock,    D.D. 
F.R.S. 


1843.  Cork Prof  MCulloch,  M.R.T.A    

1844.  York The  Earl  of  Rosse,  F.RS 

1845.  Cambridge. .  The  Yery  Rer.  the  Dean  of  Ely 

1846.  Southampton  Sir  John  F.  W.  Herschel,  Bart, 

I    F.RS. 

1847.  Oxford Rev.  Prof.  Powell,  MJL,  F.RS. 


1848.  Swansea  . 

1849.  Birmingham 

1850.  Edinburgh. 


Lord  Wrottesley,  F.RS 

William  Hopkins,  F.RS 

Prof.  J.  D.  Forbes,  F.R.S.,  Sec. 
R.S.E. 


1851.  Ipswich.. 

1852.  Belfast  .. 

1853.  Hull 

1854.  Liverpool... 

1855.  Glasgow  . 

1856.  Cheltenham 


Prof.  Stevellv. 
J.  D.  Chance,  W.  8now  Harris,  Prof. 

Stevelly. 
Rev.  Dr.  Forbes,  Prof  Stevelly,  Arch. 

Smith. 
Prof.Stovtlly. 
Prof.  Mt     loch,  Prof.  Stevelly,  Rer. 

W.  Sooreaby. 
J.  Nott,  Prof.  Stevelly. 
Rev.  Win.  Hey,  Prof.  Stevelly. 
Rev.  H.  Goodwin,  Prof.  Stevelly,  G. 

G.  Stoke*. 
John    Drew,    Dr.   Stevelly,    G.    G. 

Stokes. 
Rev.  H.  Price,  Prof.  Stevelly,  G.  G. 

Stokes. 
Dr.  Stevelly,  G.  G.  Stokes. 
Prof.    Stevelly,    G.   G.   Stokes,    W. 

Ridout  Wills. 
W.    J.    Macquorn    Rankine,    Prof. 

Smyth,  Prof.  Stevelly,  Prof.  G.  G. 

Stokes. 
Rev.  W.  Whewell,  D.D.,  F.R.S.,  S.  Jackson,  W.  J.  Macquorn  Rankine, 

Ac.  |     Prof.  Stevelly,  Prof.  G.  G.  Stokes. 

Prof.  W.  Thomson,  M.A.,  F.R.S.  Prof.  Dixon,  W.  J.  Macquorn  Ran- 


L.&R 

The  Dean  of  Ely,  F.R.S, 


kine,  Prof.  Stevelly,  J.  Tyndall. 
B.  Blaydes  Haworth,   J.  D.  Sollitt, 
Prof.  Stevelly,  J.  Welsh. 
Prof.   G.  G.  Stokes,  MA.,  Sec.  J.  Hartnup,  H.  G.    Puckle,    Prot 

R.S.  |    Stevelly,  J.  Tyndall,  J.Welsh. 

Rev.  Prof.  Kelland,  M.A.,  F.R.S.!Rev.  Dr.  Forbes,  Prof.  D.  Gray,  Prof, 

L.  &  E.  I    Tyndall. 

Rev.  R  Walker,  M.  A,  F.RS.  ...C.  Brooke,  Rev.  T.  A.  Southwood, 

I  Prof.  Stevelly,  Rev.  J.  C.  TurnbulL 
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Date  and  place. 


Presidents. 


Secretaries. 


1857.  Dublin  . 


1859.  Aberdeen  ... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge  . 

1863.  Newcastle... 


Rev.  T.  E.  Robinson,  DD.,  F.R.S., 
M.R.I.A. 


1858.  Leeds    *Rev.  W.  Whewell,  D.D.,  V.P.R.S. 


The  Earl  of  Rosse,  M.A.,  K.P., 

RR.S. 
Rev.  B.  Price,  MjL,  P.R.S. 


1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee , 

186a  Norwich  .. 


Prof.  Curtis,  Prof.  Hennessv,   P.  A. 

Ninnis,  W.  J.  Macquorn  itankine, 

Prof.  Stevelly. 
Rev.  S.  Earnshaw,  J.  P.   Hennessy, 

Prof.  Stevelly,  H.  J.  S.  Smith,  Pro£ 

TyndaU. 
J.  P.  Hennessy,  Prof.  Maxwell,  H.  J. 

Smith,  Prof.  Stevelly. 
Rev.  G.  C.  Bell,  Rev.  T.  Rennison, 

Prof.  Stevelly. 
Prof.  R.  B.  Clifton,  Prof.  H.  J.  S. 

Smith,  Prof.  Stevelly. 
Prof.  R.  B.  Clifton,  Prof.  H.  J.  S. 

Smith,  Prof.  Stevelly. 
Rev.  N.  Ferrers,  Prof.  Fuller,  F.  Jen- 
kin,    Prof.   Stevelly,   Rev.    C.    T. 

Whitley. 
Prof.    Fuller,    F.   Jenkin,   Rev.    G. 

Buckle,  Prof.  Stevellv. 
Rev.  T.  N.  Hutchinson,  F.  Jenkin,  G. 

S.  Mathews,  Prof.  H.  J.  S.  Smith, 

J.  M.  Wilson. 
Fleeming  Jenkin,  Prof.  H.  J.  S.  Smith, 

Rev.  S.  N.  Swann. 
Prof.  Sir  W.  Thomson,  D.C.L.,Rev.  C.  Buckle,  Prof.  G.  C.  Foster, 


Gh  B.  Airy,  M.A.,  D.CX.,  F.R.8. 

Prof.  Gh  G.Stokes,  MjL,  F.R.S. 

Prof.  W.  J.  Macquorn  Rankine, 
C.E.,  F.R.S. 

Prof.     Cayley,     M.A.,     F.R.S., 

F.R.A.S. 
W.  Spottiswoode,  MJl.,  F.R.S., 

F.RJLS. 

Prof.  Wheatstone,  D.C.L.,  F.R.S. 


F  R  S 
Prof:  J.  TyndaU,  LL.D..F.R.S.... 


Prof.  Fuller,  Prof.  Swan. 
Prof.  G.  C.  Foster,  Rev.  R.  Harley, 
R.  B.  Hayward. 


CHEMICAL  SCIENCE. 

COMMITTEE  OP  SCIENCES,  II.— CHEMISTRY,  MINERALOGY. 


1832.  Oxford ... 

1833.  Cambridge.. 

1834.  Edinburgh 


John  Dalton,  D.C.L.,  F.R.S... 
John  Dalton,  D.C.L.,F.R.S... 
Dr.  Hope 


James  F.  W.  Johnston. 

Prof.  Miller. 

Mr.  Johnston,  Dr.  Christison. 


SECTION  B. CHEMISTRY  AND  MINERALOGY. 


1835.  Dublin  . 

1836.  Bristol  . 


1837.  Liverpool.. 

1838.  Newcastle.. 

1839.  Birmingham 

1840.  Glasgow    .., 

1841.  Plymouth.. 

1842.  Manchester 

1843.  Cork 

1844.  York 

^845.  Cambridge 

1846.  Southampton 

1847.  Oxford  ... 


Dr.  T.  Thomson,  F.R.S. 
Rev.  Prof,  dimming 


Michael  Faraday,  F.R.S 

Rev.  William  Whewell,  F.R.S. 


Prof.  T.  Graham,  F.R.S 

Dr.  Thomas  Thomson,  F.R.S.  .. 

Dr.  Daubeny,  F.R.S 

John  Dalton,  D.C.L.,F.R.S 

Prof.  Apjohn,  M.R.I. A 

Prof.  T.  Graham,  F.R.S 

Rev.  Prof.  Cumming , 


Michael  Faraday,  D.C.L.,  F.R.S. 
Rev.W.  V.Haroourt,  MjL,  F.R.S. 


Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  C.  Henry,  W.  Hera- 
path. 

Prof.  Johnston,  Prof.  Miller,  Dr. 
Reynolds. 

Prof.  Miller,  R.  L.  Pattinson,  Thomas 
Richardson. 

Golding  Bird,  M.D.,  Dr.  J.  B.  Melson. 

Dr.  R.  D.  Thomson,  Dr.  T.  Clark, 
Dr.  L.  Playfair. 

J.  Prideaux,  Robert  Hunt,  W.  M. 
Tweedy. 

Dr.  L.  Playfair,  R.  Hunt,  J.  Graham. 

R.  Hunt,  Dr.  Sweeny. 

Dr.  L.  Playfair,  E.  Solly,  T.  H.  Barker. 

R.  Hunt,  J.  P.  Joule,  Prof.  Miller, 
E.  Solly. 

Dr.  Miller,  R.  Hunt,  W.  Randall. 

B.  C.  Brodie,  R.  Hunt.,  Prof.  Solly. 
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Date  and  Place. 


Presidents. 


Secretaries* 


184a  Swansea    ...  Richard  Phillips,  F.B.S T.  H.  Henry,  R.  Hunt,  T.  Williams. 

1849.  Birmingham  John  Percy,  M.D.,  F.R.S ,R.  Hunt,  G.  Shaw. 

1850.  Edinburgh  .  Dr.  Christison,  V.P.R.S.E Dr.  Anderson,  R.  Hunt,  Dr.  Wilson. 

1851.  Ipswich     ...IProf.  Thomas  Graham,  F.R.S. ...  T.  J.  Pearsall,  W.  S.  Ward. 

1852.  Belfast Thomas  Andrews,  MJX,  FJELS. .  Dr.  Gladstone,  Prof.  Hodges,  Prof. 

I     Ronalds. 

1853.  Hull Prof.  J.  P.  W.  Johnston,  M.A./H.  S.  Blundell,  Prot  R.  Hunt,  T.  J. 

ppo  I      Ponrmll 

1854.  LiTerpool...Prof.W.A.MiUer,  MJ).,  F.RS.Dr.   Edwards,   Dr.    Gladstone,    Dr. 

I  j    Price. 

1855.  Glasgow    ...Dr.  Lyon  Playfair,  C.B.,  F.R.S. .  Prof.  Frankland,  Dr.  H.  E.  Roscoe. 
~~"~    ~  *  \Prot  B. C. Brodie,  F.R.S 'J.    Horsley,    P.   J.  Worsley,    Prof. 


1856.  Cheltenham 

1857.  Dublin 

1858.  Leeds    

1859.  Aberdeen  ... 
186a  Oxford 


1861.  Manchester. 


Voelcker. 
Prof.    Apjohn,    M.D.,    F.RJS.,Dr.  DaTy,  Dr.  Gladstone,  Prof.  Sul- 

M.RJ.A.  |   livan. 

Sir  J.  F.  W.  Herschel,  Bart.'Dr.  Gladstone,  W.  Odling,  R.  Rey- 

D.C.L.  I    nolds. 

Dr.  Lyon  Playfair,  CJB.,  F.R.S.  jS.  S.  Brazier,  Dr.  Gladstone,  G.  D. 

Liveing,  Dr.  Odling. 
A.  Vernon  Harcourt,  G.  D.  Liveing, 

A.  B.  Northcote. 
A.  Vernon  Haroourt,  G.  D.  lireing. 


Prof.  B.  C.  Brodie,  MjL,  F.R.S. 


Prof.  W.  A.  Miller,  M.D.,  F.R.S.  a 
1862.  Cambridge  .  Prof.  W.  A.  Miller.  M  J).,  F.R.S.  H.  W.  Elphinstone,  W.  Odling,  Pro£ 

Roscoe. 
Dr.  Alex.  W.  Williamson,  F.R.S.  ] 


1863.  Newcastle... 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich  ... 


W.  Odling,  M.B..F.R.S.,  F.C.S.. 


H.  Bence  Jones,  M.D.,  F.R.S. 
Prof.  T.  Anderson,M.D.,  F.R.S  .E. 
Prof.  E.Frankland,F.RJ3.,F.C.S. 


Prof.  Liveing,  H.  L.  Pattinson,  J.  C. 
Stevenson. 

A.  V.    Harcourt,  Prof.  liveing,  R. 
Biggs. 

Prof.W.A.Miller,M.D.,V.P.R.S.A.  VT  Harcourt,   H.  Adkins,  Prof. 

Wanklyn,  A.  Winkler  Wills. 

J.  H.  Atherton,  Prof.  liveing,  W.  J. 
Russell,  J.  White. 

A.  Crum  Brown,  Prof.  G.  D.  Liveing, 
W.  J.  Russell. 

Dr.  A.  Crum  Brown,  Dr.  W.  J.  Rus- 
sell, F.  Sutton. 


GEOLOGICAL  (aot,  utttil  1851,  GEOGRAPHICAL)  SCIENCE. 


COMMITTEE  OP  SCIENCES,  m. — GEOLOGY  kSD  GEOGRAPHY. 


1832.  Oxford 

1833.  Cambridge. 

1834.  Edinburgh.. 


R.  I.  Murchison,  F.R.S (John  Taylor. 

G.  B.  Greenough,  F.R.S |W.  Lonsdale,  John  Phillips. 

Prof.  Jameson    Prof.    Phillips,  T.  Jameson    Torrie, 

Rev.  J.  Yates. 


SECTION  C. — GEOLOGY  AND  GEOGRAPHY. 
.R.  J.  Griffith iCaptain  Portlock,T.  J.  Torrie. 


1835.  Dublin . 

1836.  Bristol [Rev.  Dr.  Buckland,  F.R.8.— Geo 

graphy.  R.I. Murchison, F.R.S. 

1837.  Liverpool...lRev.Prof.Sedgwick,F.R.S.— Geo- 
graphy. G.B.  Greenough,  F.R.S. 


183a  Newcastle.. 
1839. 


K  Birmingham  Rev. 


William  Sanders,  S.  Stutchbury,  T.  J. 

Torrie. 
Captain  Portlock,  R.  Hunter. — Geo- 
Captain  H.  M  Denham, 


graphy.  Lord  Prudhope. 
"  v.  Dr.  Buckland,  F.R.S.— <7so- 


graphy.  a.B.Greenough9F.RJ5, 


C.  Lyell,  F.R.S.,  V.P.G.S.— Geo-W.  0.  Trevelyan,  Capt  Portlock.— 

Geography,  Capt  Washington. 
George  Lloyd,  M.D.,  H.  E.  Strickland, 
Charles  Darwin. 
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REPORT — 1868. 


Date  and  Place. 


Presidents. 


Secretaries. 


1840.  Glasgow   ... 

1841.  Plymouth. 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge  . 

1846.  Southampton 


Charles  Lyell,   F.R.S.— Geogra- 
phy. G.  B.  Greenough,  F.R.S. 

H.  T.  De  la  Beche,  F.R.S. 

R.  I.  Murchison,  F.R.S.   ... 

Richard    E.     Griffith,    F.R.S., 

M.R.I.A. 
Henry  Warburton,  M.P.,  Pres. 

GeoLSoc. 
Rey.  Prof.  Sedgwick,  M.A.,  F.R.S. 


W.  J.  Hamilton,  D.  Milne,  Hugh 
Murray,  H.  E.  Strickland,  John 
Scoular,  M.D. 

W.  J.  Hamilton,  Edward  Moore,M.D.f 
R.  Huttom. 

E.  W.  Binney,  R.  Hutton,  Dr.  R. 
Llovd,  H.  E.  Strickland. 

Francis  M.  Jennings,  H.  E.  Strick- 
land. 

Prof.  Ansted,  E.  H.  Bunbury. 


LeonardHor  ner,F.R.S. — Geogra- 
phy. G.B.  Greenough,  F.R.S. 

1847.  Oxford [Very  Rey.  Dr.  Buckland,  F.R.S. 

1848.  Swansea    ...Sir  H.  T.  De  la  Beche,  C.B., 

F.R.S. 

1849.  Birmingham 'Sir  Charles  Lyell,  F.R.S.,  F.G.S. 

1850.  Edinburgh  *Sir  Roderick  I.  Murchison,F.R.S. 


Rey.  J.  C.  dimming,  A.  C.  Ramsay, 

Rev.  W.  Thorp. 
Robert  A.  Austen,  J.  H.  Norton,  M.D., 

Prof.  Oldham. — Geography.  Dr.  C. 

T.  Beke. 
Prof.  Ansted,   Prof.  Oldham,  A.   C. 

Ramsay,  J.  Ruskin. 
Starling  Benson,  Prof.  Oldham,  Prof. 

Ramsay. 
J.  Beete  Jukes,  Prof.  Oldham,  Prof. 

A.  C.  Ramsay. 
A.  Keith  Johnston,  Hugh  Miller,  Pro- 
fessor Nicol. 


SECTION  C. GEOLOGY. 


1851.  Ipswich 

1852.  Belfast... 


1853.  Hull 

1854.  Liverpool. 

1855.  Glasgow  ... 

1856.  Cheltenham 

1857.  Dublin 

1858.  Leeds  

1859.  Aberdeen.. 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle... 

1864.  Bath    


William  Hopkins,  M.A.,  F.R.S... 
Lieut-Col.  Portlock,R.E.,  F.R.S. 


Prof.  Sedgwick,  F.R.S 

Prof.  Edward  Forbes,  F.R.S. 

Sir  R.L  Murchison,  F.R.S.  .. 

Prof.  A.  C.  Ramsay,  F.R.&  .. 

The  Lord  Talbot  de  Malahide  ... 

William  Hopkins,  M.A.,  LL.D., 

F  R.S 
Sir  Charles  Lyell,  LL.D.,  D.C.L., 

F.R.S. 
Rev.    Prof.     Sedgwick,    LL.D., 

F.R.S.,  F.G.S. 
Sir  R.    I.    Murchison,    D.C.L., 

LL.D.,  F.R.S.,  &c. 
J.  Beete  Jukes,  M  JL,  F.R.S. 


Prof.    Warington,    W.    Smyth, 

F.R.S.,  F.G.S. 
Prof.  J.  Phillips,  LL.D.,  F.R£., 

F.G.S.  i 


C.  J.  F.  Bunbury,  G.  W.  Ormerod, 
Searles  Wood. 

James  Bryce,  James  MacAdam,  Pro£ 
M'Coy,  Prof.  Nicol. 

Prof.  Harkness,  William  Lawton. 

John  Cunningham,   Prof.   Harkness, 
G.  W.  Ormerod,  J.  W.  Woodall. 

James  Bryce,  Prof.  Harkness,  Profc 
Nicol. 

Rev.  P.  B.  Brodie,  Rev.  R.  Hepworth, 
Edward  Hull,  J.  Scougall,  T.Wright. 

Prof.  Harkness,  Gilbert  Sanders,  Ro- 
bert H.  Scott. 

Prof.  Nicol,   H.   C.  Sorby,    E.    W. 
Shaw. 

Prof.  Harkness,  Rev.  J.  Longmuir,  H. 
C.  Sorby. 

Prof.  Harkness,  Edward  Hull,  Capt. 
Woodall. 

Prof.  Harkness,  Edward  Hull,  T.  Ru- 
pert Jones,  G.  W.  Ormerod. 

Lucas  Barrett,  Prof.  T.  Rupert  Jones, 
H.  C.  Sorby. 

E.  F.  Boyd,  John  Daclish,  H.  C.  Sor- 
by, Thomas  Sopwith. 

W.  B.  Dawkins,  J.  Johnston,  H.  C. 
Sorby,  W.  Pengelly. 


*  At  the  Meeting  of  the  General  Committee  held  in  Edinburgh,  it  was  agreed  "  That  the 
subject  of  Geography  be  separated  from  Geology  and  combined  with  Ethnology,  to  consti- 
tute a  separate  Section,  under  the  title  of  the  **  Geographical  and  Ethnological  Section," 
for  Presidents  and  Secretaries  of  which  seepage  xxxi. 
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XXIX 


Date  and  place. 


Presidents. 


Secretaries. 


1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich 


Sir  R.  I.  Murchison,  Bart.,K.C.B. 

Prof.  A.  C.Ramsay,  LL.D.,FJt.S 

Archibald  Geikie,  F.B.S.,  F.G.S. 

R.  A.  C.  Godwin-Austen,  F JLSM 
F.G.S. 


Rev.  P.  B.  Brodie,  J.  Jones,  Rev.  E. 


Etheridge,  W.  PengeUy,  f.  Wil- 
,  G.  H.  Wright 


Myers,  H.  C.  Sorby,  W.  PengeUy. 

R   ^.     . . ..      j»  _£. 

,  G.  If.  WrigJ 
Edward  Hull,  W.  Pengelly,   Henry 

Woodward. 
Rev.  O.  Fisher,  Rev.  J.  Gunn,  W. 

Pengelly,  Rev.  H.  H.  Winwood. 


BIOLOGICAL  SCIENCES. 


COMMITTEE  OP  SCIENCES,  IV. ZOOLOGY,  BOTANY,  PHYSIOLOGY,  ANATOMY. 

1832.  Oxford !Rev.  P.  B.  Duncan,  F.G.S [Rev.  Prof.  J.  S.  Henslow. 


1833.  Cambridge*  Rev.  W.L.  P.  Garnons,  F.L.S... 

1834.  Edinburgh  (Prof.  Graham. 


C.  C.  Babington,  D.  Don. 
W.  Yarrell,  Prof,  Burnett 


SECTION  D. — ZOOLOGY  AND  BOTANY. 


1835.  Dublin tor.  Allman 

.  Rev.  Prof.  Henslow 


1836.  Bristol 

1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow... 

1841.  Plymouth 

1842.  Manchester 


W.  S.  MacLeay 

SirW.  Jardine,  Bart- 


Prof.  Owen,  F.R.S 

Sir  W.  J.  Hooker,  LLD. 


184a  Cork.. 
1844.  York 


1845.  Cambridge 

1846.  Southamptn 

1847.  Oxford... 


John  Richardson,  MD.,F.R.S.. 
Hon.  and  Very  Rev.  W.  Herbert, 

LL.D.,  F.L.S. 
William  Thompson,  F.L.S 

Very  Rev.The  Dean  of  Manchester 

Rev.  Prof.  Henslow,  F.L.S 

Sir  J.  Richardson,  M.D.,  F.R.S.. 

H.  E.  Strickland,  MJL,  F.R.S... 


J.  Curtis,  Dr.  Litton. 

J.  Curtis,  Prof  Don,  Dr.  Riley,  8. 
Rootsey. 

C.  C.  Babington,  Rev.  L  Jenyns,  W. 
Swainson. 

J.  E.  Grav,  Prof.  Jones,  R.  Owen,  Dr. 
Richardson. 

E.  Forbes,  W.  Ick,  R.  Patterson. 

Prof.  W.  Couper,  E.  Forbes,  R.  Pat- 
terson. 

J.  Couch,  Dr.  Lankester,  R.  Patterson. 

Dr.  Lankester,  R.  Patterson,  J.  A. 
Turner. 

G.  J.  Allman,  Dr.  Lankester,  R.  Pat- 
terson. 

Prof.  Allman,  H.  Goodsir,  Dr.  King, 
Dr.  Lankester. 

Dr.  Lankester,  T.  V.  Wollaston. 

Dr.  Lankester,  T.  V.  Wollaston,  H. 
Wooldridge. 

Dr.  Lankester,  Dr.  Melville,  T.  V. 
Wollaston. 


SECTION  D. ZOOLOGY  AND  BOTANY,  INCLUDING  PHYSIOLOGY. 

[For  the  Presidents  and  Secretaries  of  the  Anatomical  and  Physiological  Subsections 
and  the  temporary  Section  E  of  Anatomy  and  Medicine,  see  pp.  xxx,  xxxi] 


184&  Swansea    ...L.  W.  Dillwyn,  F.R.S.  . 


1849.  BirminghamlWilliam  Spence,  F.R.S 

1850.  Edinburgh  ..  Prof.  Goodsir,  F.R.S.  L.  A  E. 


1851.  Ipswich 

1852.Bel&st 


Rev.  Prof.  Henslow,  M.  A.,  F.R.S. 
W.  Ogilby 


Dr.  R,  Wilbraham  Falconer,  A.  Hen. 
frey,  Dr.  Lankester. 

Dr.  Lankester,  Dr.  Russell. 

Prof.  J.  H.  Bennett,  M.D.,  Dr.  Lan- 
kester, Dr.  Douglas  Maclagan. 

Prof.  Allman,  F.  W.  Johnston,  Dr.  E. 
Lankester. 

Dr.  Dickie,  George  C.  Hyndman,  Dr. 
Edwin  Lankester. 


*  At  this  Meeting  Physiology  and  Anatomy  were  made  a  separate  Committee,  for 
Presidents  and  Secretaries  of  which  see  p.  xxx. 
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REPORT 1868* 


Date  and  Place. 


Presidents. 


Secretaries. 


1853.  Hull 

1854.  Liverpool  .. 

1855.  Glasgow    .. 

1856.  Cheltenham. 

1857.  Dublin  ... 


C.  0.  Babington,  M.A.,  F.R.S.... 

Prof.  Balfour,  M.D.,  F.R.S 

Rev.  Dr.  Fleeming,  F.R.S.E.    ... 
Thomas  Bell,  F.R.S.,  Pres.L.8. 

Prof.  W.  H.  Harvey,  M.D.,  F.R.S. 


1858.  Leeds 

1859.  Aberdeen  ... 

1860.  Oxford  ... 

1861.  Manchester . 


C.  C.  Babington,  M.A.,  F.R.S. .. 
Sir  W.  Jardine,  Bart,  FJLS.E. 

Rev.  Prof.  Henslow,  F.L.S 

Prof.  0.  C.  Babington,  F.R.S. .. 


1862.  Cambridge  .. 

1863.  Newcastle... 


1864.  Bath.. 

1865.  Birmingham 


Prof.  Huxley,  F.R.S 

Pro£  Balfour,  M.D.,  F.R.S.... 

Dr.  John  B.  Gray,  F.R.S.    ... 

T.  Thomson,  M.D.,  F.B.S.   ... 


Robert  Harrison,  Dr.  £.  Lankester. 
Isaac  Byerley,  Dr.  E.  Lankester. 
William  Keddie,  Dr.  Lankester. 
Dr.  J.  Abercrombie,  Prof.  Buckman, 

Dr.  Lankester. 
Prof.  J.  R.  Kinahan,  Dr.   E.  Lan- 
kester, Robert  Patterson,  Dr.  W.  E. 

Steele. 
Henry  Denny,  Dr.  Heaton,  Dr.  E. 

Lankester,  Dr.  E.  Perceval  Wright 
Prof.  Dickie,  M.D,  Dr.  E.  Lankester, 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Lankester,  P. 

L.  Sclater,  Dr.  E.  Perceval  Wright 
Dr.  T.  Alcock,  Dr.  E.  Lankester,  Dr. 

P.  L.  Sclater,  Dr.  E.  P.  Wright. 
Alfred  Newton,  Dr.  E.  P.  Wright 
Dr.  E.  Charlton,  A.  Newton,  Rev.  H. 

B.  Tristram,  Dr.  E.  P.  Wright 
H.  B.  Brady,  C.  E.  Broom,  H.  T. 

Stainton,  Dr.  E.  P.  Wright 
Dr.  J.  Anthony,  Rev.  C.  Clarke,  Rer. 

H.  B.  Tristram,  Dr.  E.  P.  Wright 


SECTION  D. BIOLOGY*. 


1866.  Nottingham. |Prof.  Huxley,  LL.D,  F.R.S.— 
Physiological  Dep.  Prof.  Hum 
phry,  M.D.,  F.R.S.— Anthropo- 
logical Dep.  Alfred  R.  Wallace, 
F.R.G.S. 

1867.  Dundee Prof.  Sharpey,  M.D.,  Sec.  R.S.— 

Dtp.  ofzool.  and  Bot.  George 
Busk,  M.D.,  F.R.S. 

1868.  Norwich  ...Rev.  M.  J.   Berkeley,   F.L.S 
Dep.    of  Physiology.    W.    H. 
Flower,  F.R.S. 


Dr.  J.  Beddard,  W.  Felkin,  Rev.  H. 
B.  Tristram,  W.  Turner,  E.  B. 
Tylor,  Dr.  E.  P.  Wright 


C.  Spenoe  Bate,  Dr.  S.  Cobbold,  Dr. 

U.  Foster,  H.  T.  Stainton,  Rev.  H. 

B.  Tristram,  Prof.  W.  Turner. 
Dr.  T.  S.  Cobbold,  G.  W.  Firth,  Dr. 

M.  Foster,  Prof.  Tawson,  H.  T. 

Stainton,  Rev.  Dr.  H.  B.  Tristram, 

Dr.  E.  P.  Wright 


ANATOMICAL  AND  PHYSIOLOGICAL  SCIENCES. 

C0MMITTEE8  OF  SCIENCES,  V. — ANATOMY  AND  PHT8IOL0OT. 

1833.  Cambridge  .[Dr.  Haviland IDr.  Bond,  Mr.  Paget. 

1834.  Edinburgh  ..|Dr.  Abercrombie    |Dr.  Roget,  Dr.  William  Thomson. 


SECTION  B.  (UNTIL  1847.) ANATOMY  AND  MEDICINE. 


1835.  Dublin  

1836.  Bristol  

1837.  Liverpool .. 


Dr.  Pritchard 

Dr.  Roget,  F.R.S 

Prof.  W.  Clark,  M.D. 


1838.  Newcastle  ...jT.  E.  Headlam,  M.D. 

1839.  Birmingham1  John  Yeiloly,  M.D.,  F.R.8. 


Dr.  Harrison,  Dr.  Hart 

Dr.  Svmonds. 

Dr.  J.  Carson,  jun.,  James  Long,  Dr. 

J.  R.  W.  Vose. 
T.  M.  Greenhow,  Dr.  J.  R.  W.  Vose. 
Dr.  G.  O.  Rees,  F.  Ryland. 


#  At  the  Meeting  of  the  General  Committee  at  Birmingham,  it  was  resolved : — "That  the 
title  of  Section  D  be  changed  to  Biology ; "  and  "  That  for  the  word  4  Subsection '  in  the 
rules  for  conducting  the  businebs  of  the  Sections,  the  word  *  Department >  be  substituted." 
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Pate  and  Place. 


Presidents. 


Secretaries. 


1840.  Glasgow    ...James  Watson,  M.D. Dr.  J.  Brown,  Pro!   Couper,  Prof! 

I    Beid. 

1841.  Plymouth...  P.M.  Boget,  M  J).,  See.  B.S.  ...Dr.  J.  Butter,  J.  Page,  Dr.  B.  8. 

Sargent. 

1842.  Manchester  .Edward  Holme,  MJ).,  F.L£.  ...  Dr.  tiiaytor,  Dr.  Sargent 

184a  Cork Sir  James  Piteairn,  MJD Dr.  John  Popham,  Dr.  B.  S.  Sargent. 

1844.  York ,J.  C.  Pritchard,  MJ) jl.  Erichsen,  Dr.  B.  8.  Sargent 


SECTION  E. — PHYSIOLOGY. 

1845.  Cambridge  ..(Prof:  J.  Hayiland,  M.D JDr.  B.  S.  Sargent  Dr.  Webster. 

1846.  SouthamptanjProf.  Owen,  MJ).,  F.B.S ;C.  P.  Keele,  Dr.  Laycock,  Dr.  Sargent 

1847.  Oxford* Prof.  Ogle,  M  J).,  FJtS Dr.  Thomas,  JL  Chambers,  W.  P. 

I  1    Ormerod. 


1850.  Edinburgh  ~ 
1855.  Glasgow    .. 

1857.  Dublin  

1858.  Leeds 

1859.  Aberdeen  .. 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge .. 
186a  Newcastle . 
1864.  Bath 
1865. 


.  Birmingham  Prof. 


PHYSIOLOGICAL  STTBSECTIOHS  07  8ECTI0H  D. 

Prof.  Bennett  MJ).,  FJLS.E.  ...I 

Prof.  Allen  Thomson,  P.B.S.    ...pProf.  J.  H.  Corbett,  Dr.  J.  8truthers. 

Prof.  B.  Harrison,  MJ) 'Dr.  B.  D.  Lyons,  Prof.  Bedfern. 

Sir  Benjamin  Brodie,Bart,F.B.S.  C.  0.  Wheelhouse. 
Prof.  Sharpey,  M.D.,  Sec.  B.S....  Prof.  Bennett  Prof.  Bedfern.    • 
Prof.  G.  BoUeston,  M.D.,  F.LJS.  Dr.  B.  M'Donnell,  Dr.  Edward  Smith. 
Dr.  John  Davy,  F.B.S.L.  &  E. ...  Dr.  W.  Boberta,  Dr.  Edward  Smith. 

C.  E.  Paget  M.D G.  F.  Helm,  Dr.  Edward  Smith. 

Prof.  BoUeston,  M.D.,  F.B.S.  ...'Dr.  D.  Embleton,  Dr.  W.  Turner. 
Dr.  Edward  Smith,  LL.D.,  F.B.8.  J.  S.  Bertram,  Dr.  W.  Turner. 

*.  Acland,  MJ).,  LUD^FJL&.Dr.  A.  Fleming,  Dr.  P.  Heslop,  Otirer 
|    Pembleton,  Dr.  W.  Turner. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

£Fot  Presidents  and  Secretaries  for  Geography  previous  to  1851,  fee  Section  C,  p.  xxrii] 

ETHNOLOGICAL  SUB8BCTI0K8  OP  SECTION  D. 

IWCSoulhamptonDr.  Pritchard ;Dr.  King. 

1847.  Oxford  Prof.  H.  H.  Wilson,  MJL    Prof.  Buckley. 

1848.  Swansea . G.  Grant  Francis. 

1849.  Birmingham; Dr.  B.  G.  Latham. 

185a  Glasgow    ...j Vice- Admiral  Sir  A  Malcolm  ...,Daniel  Wilson. 


SECTION  E. GEOGRAPHY  AOT  ETHNOLOGY. 


1851.  Ipswich.. 

1852.  Belfast  .. 

1853.  Hull  

1854.  Liverpool 

1855.  Glasgow 


Sir  B.  I.  Murchison,  FJRJ8.,  Pres 

B.G.S. 
Col.    Chesney,     BJL,     D.C.L., 

F.B.S. 


B.  Cull,  Bey.  J.  W.  Donaldson,  Dr. 
Norton  Shaw. 

B.  Cull,  B.  MacAdam,  Dr.  Norton 
Shaw. 

B.  G.  Latham,  MJ).,  F.B.S.    ...tB.  Cull,  Bey.  H.  W.  Kemp,  Dr.  Nor- 
ton Shaw. 

Bichard  Cull,  Bey.  H.  Higgina,  Dr. 
Ihne,  Dr.  Norton  Shaw. 

Dr.  W.  G.  Blackie,  B.  Cull,  Dr.  Nor- 
ton Shaw. 


Sir  B.  L  Murchison,  D.C.L., 

F.B.8. 
Sir  J.  Richardson,  M.D.,  FJ&.S. 


*  By  direction  of  the  General  Committee  at  Oxford,  Sections  D  and  E  were  incorporated 
under  the  name  of  "  Section  D — Zoology  and  Botany,  including  Physiology  n  (see  p.  xxix). 
The  Section  being  then  vacant  was  assigned  in  1851  to  Geography. 
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Date  and  Place. 


Presidents. 


Secretaries. 


1856.  Cheltenham. 

1857.  Dublin  .., 

1858.  Leeds 


1859.  Aberdeen  .. 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge  .. 

1863.  Newcastle... 

1864.  Bath  .. 

1865.  Birmingham 

1866.  Nottingham 


Col.  Sir  H.  C.  Bawlinson,  KC.B. 

Rev.  Dr.  J.  Henthawn  Todd,  Pres. 

B.I.A. 
Sir  B.  I.  Murchison,  G.C.StS., 

F.B.S. 

Rear-Admiral  Sir  James  Clerk 

Ross,  D.C.L.,  F.R.S. 
Sir  B.  I.   Murchison,  D.C.L., 

F.R.8. 
John  Crawfurd,  F.B.S 


Francis  Galton,  F.B.S. . 


1867.  Dundee... 

1868.  Norwich 


Sir  B.  I.  Murchison,  E.C.B., 

F.B.8. 
Sir  B.  I.  Murchison,  KC.B., 

F.B.S. 
Major-General  Sir  B.  Bawlinson, 

M.P.,  KC.B.,  F.B.S. 
Sir  Charles   Nicholson,   Bart., 

LL.D. 

Sir  Samuel  Baker,  F.R.G.S 

Capt  G.  H.  Biohards,  B.N.,  F.B.S. 


B.  Cull,  F.  D.  Hartland,  W.  H.  Bum- 
sey,  Dr.  Norton  Shaw. 

B.  Cull,  S.  Ferguson,  Dr.  B.  B.  Mad- 
den, Dr.  Norton  Shaw. 

B.  Cull,  Francis  Galton,  P.  O'Cal- 
laghan,  Dr.  Norton  Shaw,  Thomas 
Wright 

Richard  Cull,  Professor  Geddes,  Dr. 

Norton  Shaw. 
Capt  Burrows,  Dr.  J.  Hunt,  Dr.  C. 

Lempriere,  Dr.  Norton  Shaw. 
Dr.  J.  Hunt,  J.  EingBley,  Dr.  Norton 

Shaw,  W.  Spottiswoode. 
J.  W.  Clarke,   Rev.  J.   Glover,  Dr. 

Hunt,  Dr.  Norton  Shaw,  T.  Wright. 

C.  Carter  Blake,  Hume  Greenfield, 

C.  R.  Markham,  R.  S.  Watson. 

H.  W.  Bates,  C.  B.  Markham,  Capt 
B.  M.  Murchison,  T.  Wright 

H.  W.  Bates,  S.  Evans,  G.  Jabet,  C. 
B.  Markham,  Thomas  Wright 

H.  W.  Bates,  Eev.  E.  T.  Cusins,  R. 
H.  Major,  Clements  B.  Markham, 

D.  W.  Nash,  T.  Wright 

H.  W.  Bates,  Cyril  Graham,  C.  B. 
Markham,  S.  J.  Mackie,  B.  Sturrock. 

T.  Baines,  H.  W.  Bates,  C.  B.  Mark- 
ham, T.  Wright 


STATISTICAL  SCIENCE. 


C0MlfITTEB8  OF  SCIENCES,  VI. STATISTICS. 


1833.  Cambridge  .IProf.  Babbage,  F.B.S |J.  E.  Drinkwater. 

1834.  Edinburgh  .(Sir  Charles  Lemon,  Bart ,Dr.  Cleland,  C.  Hope  Maclean. 


SECTION  F. STATISTICS. 


1835.  Dublin 

1836.  Bristol 


1837.  Liverpool . 

1838.  Newcastle . 

1839.  Birmingham 

1840.  Glasgow 

1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge . 
1846.8ou£hampton 

1847.  Oxford  ... 


Charles  Babbage,  F.B.S 

Sir  Charles  Lemon,  Bart,  F.B.S 

Bt  Hon.  Lord  Sandon 

Colonel  Sykes,  F.B.S 

Henry  Hallam,  F.B.S 

Bt  Hon.  Lord  Sandon,  F.B.S., 

M.P. 
Lieut-Col.  Sykes,  F.B.S 


G.  W.  Wood,  M.P.,  F.LS 

Sir  C.  Lemon,  Bart,  M.P 

Lieut-Col.  Sykes,  F.B.S.,  F.L.S. 
Bt  Hon.  The  Earl  Fitzwilliam.. 
G.  B.  Porter,  F.B.S 


Travers  Twiss,  D.C.L,  F.B.S. 


W.  Greg,  Prof.  Longfield. 

Eev.   J.   E.  Bromby,    C.  B.  Fripp, 

James  Heywood. 
W.  B.  Greg,  W.  Langton,  Dr.  W.  C. 

Tayler. 
W.  Cargill,  J.  Heywood,  W.  B.  Wood. 
F.  Clarke,  B.  W  Bawson,  Dr.  W.  C. 

Tayler. 
C.  B.  Baird,  Prof.  Eamsay,  B.  W. 

Bawson. 
Rev.  Dr.  Byrth,  Eev.  B.  Luney,  B. 

W.  Bawson. 
Bev.  B.  Luney,  G.  W.  Ormerod,  Dr. 

W,  C.  Tayler. 
Dr.  D.  Bullen,  Dr.  W.  Cooke  Tayler. 
J.  Fletcher,  J.  Heywood,  Dr.  Laycock. 
J.  Fletcher,  W.  Cooke  Tayler,  LLD. 
J.  Fletcher,  F.  G.  P.  Neison,  Dr.  W. 

C.  Tayler,  Bev.  T.  L.  Shapcott 
Eev.  W.  H.  Cox,  J.  J.  Danson,  F.  G. 

P.  Neison. 
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Date  and  Place. 

184a  Swansea    ... 

1849.  Birmingham 

1850.  Edinburgh .. 

1851.  Ipswich 

1852.  Belfast  

1853.  Hull  

1854.  Liverpool ... 

1855.  Glasgow 


President. 


Secretaries. 


J.  H.  ViTian,  M.P.,  F.R.S. 
Rt  Hon.  Lord  Lyttelton  .. 


.Very    Rev.    Dr.    John    Lee, 

I     V.P.R.S.E. 

Sir  John  P.  Boileau,  Bart.    . . 

JHis   Grace    the  Archbishop 

[     Dublin. 

'  James  Heywood,  M.P.,  F.R.S. 

Thomas  Tooke,  F.R.S 

R.  Monckton  Miles,  M.P 


J.  Fletcher,  Capt.  R.  Shortrede. 

Dr.  Finch,  Prof.  Hancock,  F.  G.  P. 
Neison. 

Prof.   Hancock,  J.  Fletcher,   Dr.  J. 
Stark. 

J.  Fletcher,  Prof.  Hancock. 
ofjProf.  Hancock,  Prof.  Ingram,  James 
MacAdam,  Jun. 

Ed  ward  Cheshire,  William  Newmarch. 

E.  Cheshire,  J.  T.  Danson,  Dr.  W.  H. 
Duncan,  W.  Newmarch. 

J.  A.  Campbell,  E.  Cheshire,  W.  New- 
march,  Prof.  R.  H.  Walsh. 


8ECTI0N  P. — ECONOMIC  8CIENCE  AND  STATISTICS. 


1856.  Cheltenham 

1857.  Dublin  

1858.  Leeds 

1850.  Aberdeen  ... 

1860.  Oxford  

1861.  Manchester 

1862.  Cambridge.. 

1863.  Newcastle... 

1864.  Bath. 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich  .. 


Rt  Hon.  Lord  Stanley,  M.P. 


Dublin,  M.R.IA. 
Edward  Baines  


Rev.  C.  H.  Bromby,  E.  Cheshire,  Dr. 

W.  N.  Hancock  Newmarch,  W.  M. 

Tartt. 
His  Grace   the    Archbishop  oflProf.  Cairns,  Dr.  H.  D.  Hutton,  W. 
~*  "      *  Newmarch. 

T.  B.  Baines,  Prof.  Cairns,  S.  Brown, 

Capt.  Fishbourne,  Dr.  J.  Strang. 
Prof.  Cairns,  Edmund  Macrory,  A.  M. 

Smith,  Dr.  John  Strang. 
Edmund   Macrory,    W.  Newmarch, 

Rev.  Prof.  J.  E.  T.  Rogers. 
David  Chadwick,  Prof.R. C.  Christie, 

E.  Macrory,  Rev.  Prof.  J.  E.  T. 

Rogers. 
H.  D.  Macleod,  Edmund  Macrory. 
T.    Doubleday,     Edmund    Macrory, 

Frederick;  Purdy,  James  Potts. 
E.  Macrory,  E.  T.  Payne,  F.  Purdy. 


CoL  Sykes,  M.P.,  F.R.S.  .., 
Nassau  W.  Senior,  M.A.  .., 
William  Newmarch;  F.R.S. 


Edwin  Chadwick,  CJB 

William  Tite,  M.P.,  F.R.S. 


William    Farr,    M.D.,    D.C.L., 

F.R.S. 
Rt  Hon.  Lord  Stanley,  LL.D, 

M.P. 
Prof.  J.  E.  T.  Rogers 


M.  E.  Grant  Dufl;  M.P.    

Samuel  Brown,  Pres.  Instit  Ac- 
tuaries. 


G.  J.  D.  Goodman,  G.  J.  Johnston, 

E.  Macrory. 
R.  Birkin,  Jun.,  Prof.  Leone  Levi,  E. 

Macrory. 
Prof.  Leone  Levi,  E.  Macrory,  A.  J. 

Warden. 
Rev.  W.  C.  Davie,  Prof.  Leone  Levi. 


MECHA1HCAL  SCIENCE. 


SECTION  G. MECHANICAL  8CTENCE. 


1836.  Bristol  .... 

1837.  Liverpool . 

1838.  Newcastle  . 

1839.  Birmingham 

1840.  Glasgow    ... 

1841.  Plymouth... 

1842.  Manchester. 

1868. 


Davies  Gilbert,  D.C.L.,  F. 

Rev.  Dr.  Robinson 

Charles  Babbage,  F.R.S. 


R.S.. 


Prof.  Willis,  F.R.S.,  and  Robert 

Stephenson. 
Sir  John  Robinson 


John  Taylor,  F.R.S 

Rev.  Prof.  Willis,  F.R.S.  , 


T.  G.  Bunt,  G.  T.  Clark,  W.  West. 

Charles  Vignoles,  Thomas  Webster. 

R.  Hawthorn,  C.  Vignoles,  T.  Web- 
ster. 

W.  Carpmael,  William  Hawkes,  Tho- 
mas Webster. 

J.  Scott  Russell,  J.  Thomson,  J.  Tod, 
C.  Vignoles. 

Henry  Chatfield,  Thomas  Webster. 

J.  F.  Bateman,  J.  Scott  Russell,  J. 
Thomson,  Charles  Vignoles. 
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REPORT — 1868, 


Date  and  Place. 


President. 


Secretaries. 


1843.  Cork 

1844.  York 

1845.  Cambridge . 

1846.  Southampton 

1847.  Oxford  , 

1848.  Swansea 

1849.  Birmingham 

1850.  Edinburgh.. 

1851.  Ipswich 

1852.  Belfast  

1853.  Hull 

1854.  IiTerpool ... 

1855.  Glasgow    ... 

1856.  Cheltenham 

1857.  Dublin 

1858.  Leeds 

1859.  Aberdeen  ... 

1860.  Oxford 

1861.  Manchester . 

1862.  Cambridge. 

1863.  Newcastle... 


Rev.  Dr.  Robinson 

William  Cubitt,  F.R.S. 

John  Walker,  C.E.,  LL.D.,F.B.S. 

William  Fairbairn,  C.E.,  F.B.S. 

John  Scott  Russell,  F.R.S 


1864.  Bath  

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

186a  Norwich  ... 


Prof.  J.  Macneill,  M.R.I.A James  Thomson,  Robert  Mallet 

John  Taylor,  F.R.S Charles  Vignoles,  Thomas  Webster. 

George  Rennie,  F.R.S Rev.  W.  T.  Kingsley. 

Rev.  Prof.  Willis,  M.A.,  F.R.S.  .  William  Betts,  Jun.,  Charles  Manby. 
Rev.  Prof.  Walker,  MJL,  F.R.S.J.  Glynn,  R.  A.  Le  Meeurier. 
Rev.  Prof.  Walker,  M.A.,  F.R.S.JR.  A.  Le  Mesurier,  W.  P.  Struve\ 
Robert  Stephenson,  M.P.,  F.R.S.  Charles  Manby,  W.  P.  Marshall. 

Dr.  Lees,  David  Stevenson. 
John  Head,  Charles  Manby. 
John  F.  Bateman,  C.  B.  Hancock, 

Charles  Manby,  James  Thomson. 
James  Oldham,  J.  Thomson,  W.  Sykes 

Ward. 
John  Grantham,  J.  Oldham,  J.  Thom- 
son. 
L.  Hill,  Jun.,  William  Ramsay,  J. 

Thomson. 
C.  Atherton,  B.  Jones,  Jun.,  H.  M. 

Jeffery. 
Prof.  Downing,  W.  T.  Doyne,  A.  Tate, 

James  Thomson,  Henry  Wright 
J.  C.  Dennis,  J.  Dixon,  H.  WTright 
R.  Abernethy,  P.  Le  Neve  Foster,  H. 

Wright. 
P.  Le  Neve  Foster,  Rev.  F.  Harrison, 

Henry  Wright 
P.  Le  Neve  Foster,  John  Robinson,  H. 

Wright. 
W.  M.  Fawcett,  P.  Le  Neve  Foster. 
P.  Le  Neve  Foster,  P.  Westmacott,  J. 

F.  Spencer. 
P.  Le  Neve  Foster,  Robert  Pitt 
P.  Le  Neve  Foster,  Henry  Lea,  W.  P. 

Marshall,  Walter  May. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  M. 

A.  Tarbottom. 
P.  Le  Neve  Foster,  John  P.  Smith, 

W.  W.  Urquhart 
P.  Le  Neve  Foster,  J.  F.  Iselin,  C. 
Manby,  W.  Smith. 


W.  J.  Macquorn  Rankine,  C.E., 

F.R.S. 
George  Rennie,  F.R.S 

The  Right  Hon.  The    Earl  of 
Rosse,  F.R.S. 

William  Fairbairn,  F.R.S 

Rev.  Prof.  Willis,  M.A.,  F.R.S. . 

Prof.  W.  J.  Macquorn  Rankine, 

LL.D.,  F.R.S. 
J.  F.  Bateman,  C.E.,  F.RJS. 


William  Fairbairn,  LL.D.,  F.RJS. 
Rev.  Prof.  Willis,  M.A.,  F.R.S.  . 

J.  Hawkshaw,  F.R.S 

Sir  W.  G.  Armstrong,  LL.D., 

F.R.S. 
Thomas     Hawksley,     V.PJnst 

C.E.,  F.G.S. 
Prof.  W.  J.  Macquorn  Rankine, 

LL.D.,  F.R.S. 
G.  P.  Bidder,  C.E.,  F.R.G.S. 
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OFFICERS  AND  COUNCIL,  1868-69. 


TRUSTEES  (PERMANENT). 
Bir  Roderick  I.  Murchison,  Bart,  K.C.B.,  G.C.StS.,  D.C.L.,  F.R.S. 
Lieut-General  Edward  Sabike,  R.A.,  D.C.L.,  Pres.  R.8. 
8ir  Philip  de  M.  Gbey  Egerton,  Bart,  M.P.,  F.E.8. 

PRESIDENT. 
JOSEPH  D ALTON  HOOKER,  M.D.,  D.OX.,  F.R.S.,  FX.8.,  F.G.8. 


VICE-PRESIDENTS. 


The  Right  Hon.  The  Eabx  of  Leicester,  Lord- 
lieutenant  of  Norfolk. 

The  Rev.  Adam  Sedgwick,  M.A.,  LL.D.,  F.R.S., 
F.G.8.,  &c,  Woodwardian  Professor  of  Geology  in 
the  University  of  Cambridge. 


Sir  John  Lttbbock,  Bart.,  F.R.S.,  F.L.8.,  F.G.8. 

John  Couch  Adams,  Esq.,  M.A.,  D.C.L.,  F.R.8., 
F.R.A.8.,  Lowndsean  Professor  of  Astronomy 
and  Geometry  in  the  University  of  Cambridge. 

Thomas  Bright  well,  Esq. 


PRESIDENT  ELECT. 
GEORGE  G.  8TOKE8,  M.A.,  D.C.L.,  Sec  R.8.,  Lncasian  Professor  of  Mathematios  in  the  University 

of  Cambridge. 


The  Right  Hon.  The  Earl  of  Devon. 

The  Right  Hon.  Sir  Stafford  H.  Nobthcotk, 

aR7Bart,M.P.,&c. 
Bir  John  Bowsing,  LL.D.,  F.R.S. 


VICE-PRESIDENTS  ELECT. 

William  B.  Carpenter,  M.D.,  F.R.8.,  FX.8. 

Robert  Were  Fox,  Esq.,  F.R.8. 

W.  H.  Fox  Talbot,  M.A.,  LL.D.,  F.R.8.,  FX.8. 


LOCAL  SECRETARIES  FOR  THE  MEETING  AT  EXETER. 

John  C  Bowring,  Esq. 
Henry  8.  Ellis.  Esq.,  F.R.A.8. 
The  Rev.  R.  Kirwan. 

LOCAL  TREASURER  FOR  THE  MEETING  AT  EXETER. 

William  Cotton,  Esq. 


ORDINARY  MEMBERS 
Batsman,  J.  F.,  Esq.,  F.R.8. 
Bubk,  George,  Esq.,  F.R.8. 
Duff,  M.  E.  Grant,  Esq.,  M.P. 
Evans,  John,  Esq.,  F.R.8. 
G  alto  it,  Capt.  Douglas,  C.B.,  R.E.,  F.R.S. 
Galton,  Francis,  Esq.,  F.R.8. 
Gassioth  J.  P„  Esq.,  F.R.S. 
Godwin- Austen,  K.  A.  C,  Esq.,  F.B.8. 
Houghton,  Right  Hon.  Lord,  D.CX 
Huggins,  William.  Esq-  F.R.S. 
Huxley,  Professor,  F.R.S. 
Miller,  Prof.W.  A.,  M.D.,F.B.8. 
Newmarch,  William,  Esq.,  F.R.8. 
Odling,  William,  Esq.,  M.B.,  F.R.8. 


OF  THE  COUNCIL. 

Ramsat,  Professor,  F.R.S. 
Rankine,  Professor  W.  J.  M.,  F.R.S. 
Rawlinson,  8ir  H.,  Bart.,  F.R.8. 
Richards,  Captain,  B.N.,  F.R.S. 
8mith,  Professor  H.  J.  8.,  F.R.8. 
Smyth,  Warington,  Esq.,  F.R.8. 
Strange,  Lieut-Colonel  A\,  F.R.S. 
Sykes,  Colonel,  M.P.,  F.R.8. 
Sylvester,  Prof.  J.  J.,  LL.D.,  F.R.8. 
Tite,  W.,  Esq.,  M.P„  F.R.8. 
Tyndall,  Professor,  F.R.8. 
Wheatstone,  Professor  Sir  C,  F.R.S. 
Williamson,  Prof.  A.  W„  F.R.S. 


EX-OFFICIO  MEMBERS  OF  THE  COUNCIL. 

The  President  and  President  Elect,  the  Vioe-Presidents  and  Vice-Presidents  Elect,  the  General  and 
Assistant  General  Secretaries,  the  General  Treasurer,  the  Trustees,  and  the  Presidents  of  former 
years,  visj— 

~  -  -     -  -  Lieut-General  Sabine,  D.C.L. 

The  Earl  of  Harrowby. 

The  Duke  of  Argyll. 

The  Rev.  H.  Lloyd,  D.D. 

Richard  Owen,  M.D.,  D.C.L. 

William  Fairbairn,  Esq.,  LL.D. 


Rev.  Professor  Sedgwick. 

The  Duke  of  Devonshire. 

Rev.  W.  V.  Harcourt 

Sir  John  F.  W.  HerscheL  Bart 

Sir  R.  L  Murchison,  Bart,K.C.B. 

The  Rev.  T.  R.  Robinson,  D.D. 

G.  B.  Airy,Esq.,AstronomerRoyal. 


The  Rev.  Professor  Willis. 
Sir  W.  G.  Armstrong,  C.B.,  LL.D. 
Sir  Chas.  Lvell,  Bart.,  M.A.,  LL.D. 
Professor  Phillips,  M.A.,  D.C.L. 
William  R.  Grove,  Esq.,  F.R.S. 
The  Duke  of  Buccleuch,  KB. 


GENERAL  SECRETARIES. 
T.  Archer  Hirst,  Esq.,  F.R.8.,  F.R.  A.8.,  Professor  of  Mathematics  in  University  College,  London . 
Dr.  Thomas  Thomson,  F.R.S.,  Kew. 


ASSISTANT  GENERAL  SECRETARY. 
George  Griffith,  Esq.,  M.A.,  1  Woodside,  Harrow. 

GENERAL  TREASURER. 
William  Spottibwoode,  Esq.,  MJL,  F.R.S.,  F.R.G.S.,  50  Grosvenor  Place,  London,  8.W. 


Dr.  Odling,  F.R.8. 


AUDITORS. 
W.  H.  Flower,  Esq.,  F.R.8. 


Professor  G.  C.  Foster,  F.C.S. 
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OFFICERS  OF  SECTIONAL  COMMITTEES.  XXXVU 

OFFICERS  OF  SECTIONAL  COMMITTEES  PRESENT  AT  THE 
NORWICH  MEETING. 

SECTION  A. — MATHEMATICS  AND  PHTSICS. 

President.— Professor  Tyndall,  LL.D,  F.R.S. 

Vice-Presidents.— J.  P.  Gassiot,  F.RS. ;  Rev.  Canon  Heaviside  ;  Rev.  Professor 
Bartholomew  Price,  MA.,  F.RS. ;  Rev.  C.  Pritchard,  M.A.,  F.RS. ;  Professor 
H.  J.  S.  Smith,  MA.,  F.RS. ;  Professor  Stokes,  D.C.L.,  Sec  RS. ;  Rev.  Pro- 
fessor Willis,  M.A.,  F.RS. 

Secretaries.— Professor  G.  C.  Foster ;  Rev  Robert  Harley,  F.R.S. ;  R.  B.  Hayward, 
M.A. 

8ECTI0N  B. CHEMI8TBY  AND  MINERALOGY,  INCLUDING  THEIB  APPLICATIONS  TO 

AGRICULTURE  AND  THE  ARTS. 

IVgw&w*.— Professor  Edward  Frankland,  F.RS.,  F.C.S. 

Vice-Presidents.— Br.    J.    H.    Gladstone,    F.RS.;    Professor    Liveing,   F.C.S. ; 

Professor  Odlingy    F.RS.;    Dr.    Stenhouse,    F.RS.;    Professor   Williamson, 

F.R.S. 
Secretaries.— Dr.  A.  Crum  Brown,  F.R.S.E.,  F.C.S. :   Dr.  W.  J.  Russell,  F.C.S. : 

F.  Sutton,  F.C.S. 

SECTION  C. GEOLOGY . 

President— R.  A.  C.  Godwin-Austen,  F.RS..F.G.S. 

Vice-Presidents.— Sir  Chas.  J.  F.  Bunbury,  Bart.,  F.R.S.,  F.G.S. ;  John  Evans, 
F.RS.,  F.G.S. ;  R.  Fitch,  F.G.S. ;  Professor  Harkness,  F.RS. ;  Professor  Hux- 
ley, F.RS. ;  Sir  Charles  Lyell,Bart.,  D.C.L.,  F.RS. :  Professor  Phillips,  D.C.L., 
F.RS.,  F.G.S. ;  Warington  W.  Smyth,  F.RS.,  F.G.S. 

Secretaries.— W.  Pengelly,  F.RS. ;  Rev.  H.  H.  Winwood,  M.A.,  F.G.S. ;  Rev.  J. 
Gunn,  F.G.S. ;  Rev.  Osmund  Fisher,  MA.,  F.G.S. 

SECTION  D. — BIOLOGY. 

President.— Rev.  M.  J.  Berkeley,  M.A.,  F.L.S. 

Vice-Presidents.— Professor  Balfour,  M.D.,  F.RS. :    George  Bentham,  F.RS. ; 

George  Busk,  F.RS. :  W.  H.  Flower,  F.R.S. ;    Professor  Humphry,  F.RS. ; 

Professor  Newton,  M.A.,  F.L.S. ;  Professor  RoJleston,  F.RS. ;   E.  B.  Tylor, 

F.L.S. 
Secretaries.— G.  W.  Firth ;  M.  Foster,  M.D.,  F.L.S. :    Professor  Lawson,  M.A. ; 

H.  T.  Stainton,  F.R.S.;    Rev.  H.  R  Tristram,  LL.D.,  F.RS.;  Professor  E. 

Perceval  Wright,  M.D.,  F.L.S.;  T.  S.  Cobbold,  M.D.,F.RS. 

SECTION  E. GEOGEAPHT  AND  ETHNOLOGY. 

President. — Capt.  G.  H.  Richards,  R.N.,  F.R.S.,  Hydrographer  to  the  Admiralty. 

Vice-Presidents. — Vice-Admiral  Sir  Edward  Belcher ;  Sir  Walter  Elliot ;  Sir  F. 
Leopold  McClintock,  F.R.S. ;  Sir  Charles  Nicholson,  Bart. ;  Admiral  Erasmus 
Ommannev,  F.R.S. ;   Sir  Arthur  Phayre ;  General  Sir  A.  Scott  Waugh,  F.R.S. 

Secretaries.— II.  W.  Bates,  Assist.  Sec.  RG.S. ;  Thomas  Baines,  F.R.G.S. ;  Cle- 
ments R  Markham,  Sec  R.G.S. ;  T.  Wright,  Sec.  Ethnological  Society. 

8ECTI0N  F. ECONOMIC  SCIENCE  AND  STATISTICS. 

President. — Samuel  Brown,  President  of  the  Institute  of  Actuaries. 
Vice-Presidents. — Sir  Willoughby  Jones,  Bart. ;  Sir  Samuel  Bignold,  Knt. ;  Sir 

John  Bowring,  F.R.S. ;  Dr.  Fair,  F.R.S. ;  W.  Newmarch,  FIRS. ;  R.  J.  H. 

Harvey,  MP. ;  James  Hey  wood,  M.A.,  F.R.S. 
Secretaries, — Professor  Leone  Levi,  F.S.A. ;  Rev.  W.  Cufaude  Davie,  M.A. 
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SECTION  G. — MECHAXICAL  SCTElfCB. 

President.— G.  P.  Bidder,  F.R.G.S. 

Vice-Presidents.— J.  F.  Bateman,  F.R.S. ;  Admiral  Sir  Edward  Belcher,  K.C.B. ; 

William  Fairbairn,  LL.D.,  F.R.S. ;  C.  Hutton  Gregory,  Pres.  Inst  C.E. ;  T. 

Hawksley,  C.E. ;   James  Nasmvth,  F.R.S. ;  Professor  W.  J.  Macquorn  Ran- 

kine,  LL.D.,  F.R.S. ;  C.  Vignoles,  F.R.S. ;  J.  Whitworth,LL.D.,  F.R.S. ;  Rev. 

Professor  Willis,  F.R.S. 
Secretaries.— P.  Le  Neve  Foster,  M.A. ;  Charles  Manby,  F.R.S. ;  J.  F.  Iselin, 

M.A.;  William  Smith,  C.E. 


Report  of  the  Council  of  the  British  Association,  presented  to  the 
General  Committee,  Wednesday,  August  19,  1868. 

The  Council  have  received  Reports  from  the  General  Treasurer,  and  from 
the  Kew  Committee  at  each  of  their  Meetings,  and  their  Reports  for  the  past 
year  will  be  laid  before  the  General  Committee. 

Owing  to  the  death  of  Lord  Wrottesley,  the  Chairman  and  most  active 
member  of  the  Parliamentary  Committee,  no  Report  of  this  Committee  is 
presented  this  year. 

At  their  Meeting  on  March  14th,  Mr.  F.  Galton,  General  Secretary,  in- 
formed the  Council  that  considerations  of  health  precluded  him,  to  his  sincere 
regret,  from  continuing  to  hold  office.  The  Council,  in  accordance  with  their 
previous  practice,  appointed  a  Committee,  consisting  of  the  General  Secre- 
taries and  the  gentlemen  who  had  formerly  filled  that  office,  for  the  purpose 
of  reporting  a  recommendation  to  the  Council  of  a  successor  to  Mr.  Galton. 
From  this  Committee  the  Council  have  received  the  following  Report : — 
"  Resolved  that  Dr.  T.  Thomson,  F.R.S.,  &c.,  be  recommended  as  highly 
qualified  for  election  as  Joint-General  Secretary  of  the  Association."  The 
Council  recommend  that  Dr.  T.  Thomson  be  now  elected  Joint-General  Secre- 
tary. 

At  the  last  Meeting  of  the  Association  the  General  Committee  referred  to 
the  Council  a  Resolution  relating  to  the  administration  of  the  Natural-History 
Collections  of  the  British  Museum,  in  which  it  was  recommended  to  press  on 
the  Government  the  importance  of  transferring  the  control  of  these  Collections 
from  the  Board  of  Trustees  to  a  single  officer  of  Government  responsible  to 
Parliament  After  deliberating  on  the  Report  of  a  Committee  specially 
appointed  to  consider  the  question,  the  Council  sent  a  deputation  to  urge  on 
the  Government  the  desirability  of  making  the  proposed  changes. 

Professor  Martins,  of  Montpellier,  and  Professor  Mannheim,  of  Paris,  who 
attended  the  Meeting  of  the  Association  at  Dundee,  have  been  elected  Cor- 
responding Members  by  the  Council. 

The  Annual  Report  of  the  Association  for  last  year  has  been  issued  in  an 
improved  form  and  at  an  earlier  date  than  usual.  It  is  hoped  that  with  the 
cooperation  of  the  Authors  of  Reports  it  may  in  future  be  published  at  a  still 
earlier  period,  and  thereby  its  utility  much  increased. 

Owing  to  the  modifications  made  at  the  Birmingham  Meeting,  in  the 
arrangements  of  Section  D,  the  Council  have  had  under  consideration  the 
advisability  of  omitting  the  word  "  Ethnology  "  in  the  designation  of  Section 
E.  They  recommend  that  a  Resolution  to  this  effect  be  passed  by  the 
General  Committee. 

The  Council  have  been  informed  that  invitations  for  1869  will  be  presented 
by  Deputations  from  Exeter,  Liverpool,  Edinburgh,  and  Brighton ; — and  an 
invitation  for  the  following  year,  by  a  Deputation  from  Bradford. 
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Report  of  the  Kew  Committee  of  the  British  Association  for  the 
Advancement  of  Science  for  1867-68. 

The  Committee  of  the  Kew  Observatory  submit  to  the  Council  of  the  British 
Association  the  following  statement  of  their  proceedings  during  the  past 
year: — 

The  Meteorological  Office,  to  which  allusion  was  made  in  the  last  Report, 
continues  in  operation,  Kew  being  the  Central  Observatory  as  arranged  with 
the  Meteorological  Committee  appointed  by  the  Council  of  the  Koyal  Society 
In  consequence  of  this  arrangement  there  has  been  during  the  past  year  a  con- 
siderable access  of  work  to  the  Kew  Observatory,  and  the  duties  undertaken 
by  that  establishment  may,  as  in  the  last  Keport,  for  clearness'  sake,  be  again 
considered  under  the  two  following  heads : — 

(A)  The  work  done  by  the  Kew  Observatory  under  the  Direction  of  the 

British  Association. 

(B)  That  done  at  Kew  as  the  Central  Observatory  of  the  Meteorological 

Committee. 
This  system  of  division  will  therefore  be  adopted  in  this  Report ;  but  it 
ought  to  be  mentioned  that  the  financial  statement  appended  to  it  refers  only 
to  the  first  of  these  divisions,  since  the  work  done  at  Kew  for  the  Meteoro- 
logical Committee  has  been  paid  from  funds  supplied  by  the  Committee,  and 
not  in  any  way  from  money  subscribed  by  the  British  Association. 

(A)  Work  done  by  Kew  Observatory  under  the  Direction  op  the 
British  Association. 

1.  New  Instruments  for  Colaba  Observatory. — The  Chairman  of  the  Kew 
Committee,  shortly  after  the  Meeting  at  Dundee,  received  a  communication 
from  Mr.  Chambers,  the  Superintendent  of  the  Colaba  Observatory,  Bombay, 
requesting  the  support  of  the  Kew  Committee  in  his  application  to  the  India 
Board  for  a  supply  of  Self-recording  Magnetographs  and  other  instruments 
required  for  his  observatory.  This  was  ultimately  brought  before  the  Council 
of  the  British  Association ;  and  in  consequence  of  the  steps  taken,  Sir  Stafford 
Northcote,  in  a  letter  to  General  Sabine,  dated  30  January,  1868,  sanctioned 
the  supply  of  new  instruments  for  the  observatory  at  Bombay,  while  General 
Sabine,  on  behalf  of  the  Kew  Committee,  undertook  to  select  the  following 
instruments  required : — 

(1)  A  set  of  Self-recording  Magnetometers  for  registering  by  photo- 

graphy changes  of  Declination,  Horizontal  Force,  and  Vertical 
Force. 

(2)  Thomson's  Electrometer,  arranged  for  photographic  self-registration. 

(3)  A  Self-recording   Barograph   and  Thermograph,   of   the  pattern 

adopted  by  the  Meteorological  Committee  (added  afterwards). 

(4)  Apparatus  for  measuring  and  tabulating  the  curves  given  by  the 

above-named  instruments. 

(5)  Photographic  apparatus,  porcelain  dishes,  and  boxes  for  paper  and 

photograms. 

(6)  Moffat's  Ozonometer,  in  box  with  clockwork  and  rotating  cylinder. 

(7)  Beam-compasses,  with  steel  points  and  tangent  screw  adjustment  to 

measure  4  feet  (for  verification  of  distances  in  deflection  experi- 
ments). 

(8)  Rotating  frame  with  large  glass  jar  for  testing  thermometers. 

2.  Magnetic  work. — The  Self-recording  Magnetographs,  ordered  by  the 
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India  Board  for  Mr.  Chambers,  have  been  verified  at  Kew,  and  returned  to 
the  India  Office,  from  which  they  have  been  doubtless  despatched  ere  this  to 
Bombay. 

A  Differential  Declinometer  (received  from  General  Sabine's  Office)  has 
been  verified  at  Kew  for  Dr.  Lemstrom,  who  has  gone  out  as  physical 
observer  with  the  Spitzbergen  expedition. 

A  Unifilar  has  been  received  at  Kew  for  Mr.  Meldrum,  of  the  Mauritius 
Observatory,  and  its  constants  are  in  progress  of  being  determined. 

Senhor  Viegas,  of  Coimbra,  and  Lieutenant  Ielagin,  of  the  Imperial  Russian 
Navy,  have  received  magnetic  instruction  at  Kew ;  and  a  Dip-circle  has  been 
prepared  for  the  latter  gentleman,  who  purposes  making  observations  with  it 
at  the  various  European  Observatories. 

The  usual  monthly  absolute  determinations  of  the  magnetic  elements  con- 
tinue to  be  made  by  Mr.  Whipple,  magnetic  assistant ;  and  the  Self-recording 
Magnetographs  are  in  constant  operation  as  heretofore,  also  under  Mr. 
Whipple,  who  has  displayed  much  care  and  ability  in  the  discharge  of  his 
duties. 

The  photographic  department  connected  with  the  Self-recording  instru- 
ments is  under  the  charge  of  Mr.  Page,  assisted  by  Mr.  Foster,  both  of  whom 
discharge  their  duties  very  satisfactorily. 

An  arrangement  connected  with  the  instrumental  clock  for  shutting  off  the 
light  every  two  hours,  and  thereby  increasing  the  accuracy  of  the  time-scale, 
originally  devised  by  Mr.  Beckley,  in  connexion  with  the  self-recording 
meteorological  instruments,  has  been  adapted  to  the  Kew,  and  also  to  the 
Mauritius  and  Bombay  Self-recording  Magnetographs,  and  the  time-scale  of 
the  Kew  Magnetographs  has  been  made  the  same  as  those  of  the  other 
instruments. 

It  was  proposed  in  the  last  Report  that  the  task  of  tabulating  and  reducing 
the  magnetic  curves  produced  at  Kew  subsequently  to  January  1865  should 
be  performed  by  the  staff  at  Kew  working  under  the  direction  of  Mr.  Stewart. 
In  accordance  with  this  resolution  787  curves,  being  those  of  the  declination 
from  February  1865  to  April  1867,  have  been  measured  for  every  hour,  and 
the  process  of  reduction  of  these  measurements  is  well  advanced. 

The  magnetical  observations  made  at  Ascension  by  Iieut.  Rokeby,  R.M., 
have  been  nearly  reduced  by  Mr.  Whipple,  and  it  is  proposed  to  communicate 
the  results  to  the  Royal  Society. 

A  comparison  of  the  Kew  and  Lisbon  magnetic  curves  during  the  magnetic 
storm  of  February  20-25,  1866,  made  by  Senhor  Capello,  of  the  Lisbon 
Observatory,  has  been  communicated  to  the  Royal  Society,  and  will  be  found 
published  in  their  Proceedings  for  May  28,  lb68. 

Mr.  Stewart  has  likewise  received  from  Senhor  Capello  a  short  paper,  "  On 
the  reappearance  of  certain  periods  of  Declination  disturbance  during  two, 
three,  or  several  days,"  which  he  proposes  to  communicate  to  the  Royal 
Society. 

The  Rev.  W.  Sidgreaves  and  Mr.  Stewart  have  been  engaged  in  making 
intercomparisons  of  simultaneous  disturbances  of  the  declination  at  Stony- 
hurst  and  at  Kew,  for  both  of  which  stations  the  instruments  have  the  same 
scale.  It  would  appear  from  these  that  during  slow  disturbances  there  is  an 
absolute  identity  between  the  indications  of  the  two  instruments,  even  to 
their  most  minute  features.  On  the  other  hand,  the  more  abrupt  distur- 
bances appear  to  be  exaggerated  at  Stonyhurst  as  compared  with  Kew  to  an 
extent  which  appears  (at  first  sight)  to  depend  upon  the  abruptness.  Messrs. 
Sidgreaves  and  Stewart  are  investigating  this  phenomenon,  which  has  clearly 
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a  physical  and  not  an  instrumental  origin,  and  purpose  communicating  their 
results  in  a  joint  paper  to  the  Koyal  Society. 

3.  Meteorological  Work. — The  meteorological  work  of  the  Observatory 
continues  in  the  charge  of  Mr.  Baker,  who  executes  his  duties  very  satis- 
factorily. 

Since  the  Dundee  Meeting,  .78  Barometers  have  been  verified,  and  71  are 
at  present  in  hand ;  1139  Thermometers  have  likewise  been  verified,  and  14 
Standard  Thermometers  have  been  constructed  for  the  Thermographs  of  the 
Meteorological  Committee.  32  Thermograph  Thermometers  have  likewise 
been  tested,  24  of  these  being  for  the  Meteorological  Committee  and  8  for 
opticians. 

The  self-recording  meteorological  instruments  now  at  work  at  Kew  will 
be  again  mentioned  in  the  second  division  of  this  Report.  These  are  in  the 
charge  of  Mr.  Baker,  the  Photography  being  superintended  by  Mr.  Page. 

Mr.  Robert  Addams  has  kindly  made  a  preliminary  experiment  with  his 
apparatus  for  freezing  carbonic  acid,  which  is  now  at  Kew,  and  has  also 
left  specific  instructions  regarding  it,  so  that  the  operation  can  in  future  be 
performed  without  assistance.  The  point  corresponding  to  the  temperature 
of  freezing  mercury  has  been  determined  for  two  Thermometers  belonging  to 
the  Meteorological  Committee. 

The  Self-recording  Barographs,  Thermographs,  and  Anemographs  for  the 
six  outlying  Observatories  of  the  Meteorological  Committee  have  been  verified 
at  Kew.  A  Self-recording  Barograph  and  Thermograph  have  likewise  been 
verified  for  Messrs.  R.  and  J.  Beck,  opticians ;  and  the  verification  of  another 
set  for  Mr.  Chambers,  of  the  Colaba  Observatory,  has  been  very  recently 
completed. 

The  experiments  made  on  Aneroids  at  Kew,  by  the  request  and  at  the  ex- 
pense of  the  Meteorological  Committee,  have  formed  the  subject  of  a  com- 
munication recently  made  to  the  Royal  Society  by  that  body. 

4.  Photoheliograph. — The  Kew  Heliograph,  in  charge  of  Mr.  DeLaRue,  con- 
tinues to  be  worked  in  a  satisfactory  manner.  During  the  past  year  224 
negatives  have  been  taken  on  140  days.  90  pictures  of  the  Pagoda  in  Kew 
Gardens  have  likewise  been  taken,  in  the  hope  of  being  able  by  this  means 
to  determine  accurately  the  angular  diameter  of  the  Sun. 

Since  the  last  Meeting  of  the  Association,  a  series  of  solar  researches, 
in  continuation  of  the  second  series,  has  been  published  (the  expense  of  * 
printing  having  been  defrayed  by  Mr.  De  La  Rue),  entitled  "  Researches  on 
Solar  Physics.  Appendix  to  Second  Series. — On  the  Distribution  in  Helio- 
graphic  Latitudes  of  the  Sun-spots  observed  by  Carrington ;  by  Messrs.  De 
La  Rue,  Stewart,  and  Loewy." 

Two  papers  have  likewise  been  communicated  to  the  Royal  Society  by 
these  gentlemen.  The  first  of  these  is  entitled  "  Researches  on  Solar  Physics. 
Heliographical  Positions  and  Areas  of  Sun-spots  observed  with  the  Kew 
Photoheliograph  during  the  years  1862  and  1863." 

The  second  is  entitled  "  Account  of  some  Recent  Observations  on  Sun-spots, 
made  at  the  Kew  Observatory." 

Sun-spots  continue  likewise  to  be  numbered  after  the  manner  of  Hofrath 
Schwabe ;  and  a  Table,  exhibiting  the  monthly  groups  observed  at  Dessau 
and  at  Kew  for  the  year  1867,  has  been  communicated  to  the  Astronomical 
Society,  and  published  in  their  Monthly  Notices. 

The  measurements  of  the  Kew  pictures  for  the  year  1864  are  approaching 
completion ;  when  complete,  they  will  be  communicated  to  the  Royal 
Society.  It  is  intended  to  work  up  rapidly  the  back  years,  preparatory  to 
a  final  discussion. 
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Mr.  De  La  Rue  has  recently  received  a  letter  from  M.  Strove,  in  which  it 
is  stated  that  the  arrival  at  Kew  of  M.  Berg,  of  the  Wilna  Observatory,  in 
order  to  practise  with  the  Photoheliograph,  may  be  shortly  expected. 

6.  Apparatus  for  Verifying  Sextants. — Several  determinations  have  been 
made  of  the  angular  distances  between  the  collimators  of  this  instrument ; 
but  the  result  appears  to  indicate  a  greater  want  of  fixedness  in  these  than 
is  desirable.  Should,  however,  the  apparatus  come  to  be  extensively  employed 
for  the  verification  of  sextants,  this  may  be  overcome  by  means  of  frequent 
determinations  of  these  angular  distances  by  a  theodolite. 

6.  Miscellaneous  Work. — The  time  and  attention  of  the  Observatory  Staff 
have  been  so  much  absorbed  during  the  last  year  with  the  regular  work  of 
the  Observatory,  that  little  or  no  progress  has  been  made  in  miscellaneous 
experiments. 

The  instrument  devised  by  Mr.  Broun  for  the  purpose  of  estimating  the 
magnetic  dip  by  means  of  soft  iron,  remains  at  present  at  the  Observatory, 
awaiting  Mr.  Broun's  return  to  England. 

The  Superintendent  has  received  grants  from  the  Royal  Society  for  special 
experiments ;  and  when  these  are  completed,  an  account  will  be  rendered  to 
that  Society. 

(B)  "Work  doke  at  Kew  as  the  Central  Observatory  op  the 
Meteorological  Committee. 

This  work  may  be  divided  into  four  heads,  the  first  of  these  being  the  arrange- 
ment of  self-recording  meteorological  instruments,  their  verification  at  Kew, 
and  erection  at  the  various  stations ;  the  second  being  the  arrangement  of  a 
system  of  tabulating  from  the  automatic  records  of  these  instruments ;  the 
third  being  the  arrangement  of  a  system  by  means  of  which  the  continued 
accuracy  of  the  instruments  themselves,  and  of  their  tabulated  records,  may 
be  secured ;  while  the  fourth  is  the  work  done  at  Kew  as  being  itself  one 
of  the  Observatories  of  the  Meteorological  Committee. 

1.  Arrangement,  Verification,  and  Erectionof  Self  -recording Instruments. — In 
the  last  Report  of  this  Committee  a  short  account  was  given  of  the  principles 
of  construction  of  the  system  of  self-recording  meteorological  instruments 
arranged  at  Kew,  comprising  the  Thermograph,  Barograph,  and  Anemograph. 
A  more  detailed  account  has  since  been  given  by  the  Meteorological  Com- 
mittee in  their  Report  to  Parliament  for  the  year  1867,  and  it  is  therefore 
unnecessary  to  enter  here  into  the  subject.  It  ought,  however,  to  be  men- 
tioned that  the  principle  adopted  in  these  instruments  is  to  check  the  accuracy 
of  their  automatic  records  by  means  of  reference  to  standards ;  and  with  this 
view  the  Kew  Committee  have  constructed  a  Standard  Wet  and  Dry  Bulb 
Thermometer  for  each  Thermograph,  and  has  verified  a  Standard  Barometer 
for  each  Barograph.  When  the  various  self-recording  instruments  had  been 
completed  by  the  opticians,  they  were  sent  to  Kew,  where  they  were  ex- 
amined and  verified.  They  were  then  dispatched  to  their  respective  sta- 
tions in  charge  of  the  observer,  who  had  been  previously  instructed  at  Kew ; 
and  finally,  Mr.  Beckley,  Mechanical  Assistant  at  Kew,  went  to  the  various 
stations  and  superintended  the  erection  of  the  instruments.  By  his  aid  this 
was  accomplished  in  a  very  thorough  and  satisfactory  manner. 

2.  System  of  Tabulation. — It  is  not  proposed  to  discuss  here  the  system  of 
tabulation.  This  has  already  been  done,  to  a  certain  extent,  in  the  Report  of 
the  Meteorological  Committee  presented  to  Parliament ;  and  the  whole  sub- 
ject will,  it  is  hoped,  be  fully  treated  of  on  some  future  occasion.    Suffice 
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it  to  say,  that  the  system  of  tabulation  was  arranged  at  Kew,  and  that  the 
tabulating  instruments  were  all  verified  there  before  being  sent  to  their 
respective  observatories. 

3.  Verification  of  Records. — It  has  already  been  mentioned  that  the  com- 
petency of  the  observers  at  the  various  stations  to  undertake  the  charge  of 
the  self-recording  instruments  was  secured  by  a  course  of  instruction  at 
Kew,  where  they  became  acquainted  with  the  principles  of  construction  of 
the  various  instruments,  with  the  photographic  process  necessary  to  obtain, 
curves,  and  with  the  system  of  tabulation.  In  addition  to  this,  the  instru- 
ments were  erected  at  the  various  stations  by  Mr.  Beckley,  and  each  observer 
was  thus  well  started.  It  is  not,  however,  enough,  in  a  project  of  this 
nature,  to  secure  a  good  beginning ;  it  is,  moreover,  indispensable  to  see  that 
the  standard  of  excellence  is  maintained. 

For  this  purpose  it  is  proposed  by  the  Meteorological  Committee  that  Mr. 
Stewart  should  personally  visit  all  the  Observatories  every  year ;  in  addition 
to  which,  some  one  of  the  Kew  assistants  might  occasionally  visit  some  station, 
with  a  specific  object  in  view.  Mr.  Stewart  has  already  visited  Stonyhurst, 
Glasgow,  and  Aberdeen ;  and,  in  addition  to  the  preliminary  visit  to  the 
various  stations  made  by  Mr.  Beckley,  Mr.  Whipple  has  visited  Falmouth. 

Besides  this  inspection,  it  is  also  necessary  to  check  at  Kew  the  accuracy 
of  the  tabulated  results  that  arrive  there  from  the  various  stations.  A  close 
and  constant  scrutiny  of  these  results  is  therefore  made  at  Kew  ;  and  when 
any  error  is  detected,  it  is  brought  before  the  notice  of  the  observer  who  made 
it.  All  this  involves  a  very  considerable  amount  of  labour,  more  especially 
at  the  commencement  of  the  undertaking,  and  until  the  various  observatories 
are  in  thorough  working  order.  For  the  purpose  of  securing  accuracy  and 
uniformity  in  the  reduction  of  the  records  of  these  instruments,  it  has  been 
proposed  that  a  set  of  rules  should  be  drawn  up  under  the  sanction  of  this 
Committee. 

4.  Work  done  at  Kew  as  one  of  the  Observatories  of  the  Meteorological 
Committer. — This  consists  in  keeping  the  Barograph,  Thermograph,  and 
Anemograph  furnished  by  the  Meteorological  Committee  in  constant  opera- 
tion. The  Barograph  is  erected  in  the  room  which  contains  the  Magneto- 
graphs,  and  which  has  a  very  small  daily  range  of  temperature.  The  outer 
part  of  the  Thermograph  is  attached  to  the  north  side  of  the  Observatory, 
towards  the  west,  while  the  Anemograph  has  been  erected  above  the  centre 
of  the  dome,  so  as  not  to  interfere  with  the  Photoheliograph. 

For  the  first  two  of  these  instruments  traces  in  duplicate  are  obtained,  one 
set  being  sent  to  the  Meteorological  Office,  and  one  retained  at  Kew;  as 
regards  the  Anemograph,  the  original  records  are  sent,  while  a  copy  of  these 
on  tracing-paper  is  retained. 

The  tabulations  from  the  curves  of  the  Kew  instruments,  and  the  exami- 
nation of  the  results  forwarded  to  Kew  from  the  outlying  Observatories,  so 
far  as  this  last  is  not  personally  done  by  Mr.  Stewart,  are  performed  in  a 
very  satisfactory  manner  by  Messrs.  Whipple,  Baker,  and  Page. 

Mr.  Steventon,  a  nephew  of  Captain  Toynbee,  of  the  Meteorological  Office, 
has  been  in  attendance  at  the  Observatory  for  instruction  for  about  twelve 
months,  and  latterly  has  given  much  assistance  in  the  meteorological  de- 
partment of  the  Observatory,  with  the  details  of  which  he  is  now  fully  con- 
versant. 

J.  P.  GASSIOT,  Chairman. 
Kew  Observatory,  7th  August,  1868. 
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RbOOMHENBATIOKS  ADOPTED  BT  THE  GENERAL  COMMITTEE  AT  THE  NORWICH 

Meeting  m  August  1868. 

[When  Committees  are  appointed,  the  Member  first  named  is  regarded  as  the  Secretary, 
except  there  is  a  specific  nomination.] 

Involving  Grants  of  Money. 

That  the  sum  of  £600  he  placed  at  the  disposal  of  the  Council  for  main- 
taining the  Establishment  of  the  Kew  Observatory. 

That  Professor  Tait,  Professor  Tyndall,  and  Dr.  Balfour  Stewart  he  a 
Committee  for  the  purpose  of  repeating  Principal  J.  D.  Forbes's  experiments 
on  the  Thermal  Conductivity  of  Iron,  and  extending  them  to  other  metals ; 
and  that  the  sum  of  £50  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  Joule,  Sir  W.  Thomson,  Professor  Tait,  Dr.  Balfour  Stewart,  and 
Professor  G.  C.  Foster  he  reappointed  as  a  Committee  for  the  purpose  of 
executing  a  remeasurement  of  the  Dynamical  Equivalent  of  Heat;  that 
Professor  Foster  he  the  Secretary,  and  that  the  sum  of  £50  be  placed  at 
their  disposal  for  the  purpose. 

That  the  Committee  for  the  purpose  of  investigating  the  rate  of  increase 
of  Underground  Temperature  downwards  in  various  localities  of  dry  land  and 
under  water,  consisting  of  Sir  "William  Thomson,  Dr.  Everett,  Sir  Charles 
Lyell,  Bart.,  Principal  Forbes,  Mr.  J.  Clerk  Maxwell,  Professor  Phillips,  Mr. 
G.  J.  Symons,  Mr.  Balfour  Stewart,  Professor  Ramsay,  Mr.  Geikie,  Mr. 
Glaisher,  Rev.  Dr.  Graham,  Mr.  E.  W.  Binney,  Mr.  George  Maw,  and  Mr. 
Pengelly,  be  reappointed ;  that  Dr.  J.  D.  Everett  be  the  Secretary,  and  that 
the  sum  of  £30  be  placed  at  their  disposal  for  the  purpose. 

That  the  Committee  for  reporting  on  the  Rainfall  of  the  British  Isles,  con- 
sisting of  Mr.  Charles  Brooke,  Mr.  Glaisher,  Professor  Phillips,  Mr.  G.  J. 
Symons,  Mr.  J.  F.  Bateman,  Mr.  R.  W.  Mylne,  Mr.  T.  Hawksley,  Professor 
Adams,  Mr.  C.  Tomlinson,  and  Professor  Sylvester,  be  reappointed ;  that  Mr. 
G.  J.  Symons  he  the  Secretary,  and  that  the  sum  of  £50  be  placed  at  their 
disposal. 

That  the  Committee  on  Tidal  Observations  be  reappointed,  and  consist  of 
Sir  W.  Thomson,  Professor  Adams,  Professor  J.  W.  M.  Rankine,  Mr.  J.  Oldham, 
and  Captain  Richards  (with  power  to  add  to  their  number) ;  and  that  the 
gum  of  £100  be  placed  at  their  disposal. 

That  the  Lunar  Committee  be  reappointed,  and  consist  of  Mr.  J.  Glaisher, 
Lord  Rosse,  Sir  J.  Herschel,  Bart.,  Professor  Phillips,  Rev.  C.  Pritchard,  Mr. 
W.  Huggins,  Mr.  W.  R.  Grove,  Mr.  W.  De  La  Rue,  Mr.  C.  Brooke,  Rev.  T.  W. 
Webb,  Herr  Schmidt,  Admiral  Manners,  Mr.  W.  R.  Birt,  and  Lieut. -Colonel 
Strange  ;  and  that  the  sum  of  £50  be  placed  at  their  disposal. 

That  Dr.  Anderson  and  Mr.  Catton  be  a  Committee  for  the  purpose  of 
continuing  the  researches  of  Mr.  Catton  on  the  Synthesis  of  Organic  Acids ; 
and  that  the  sum  of  £12  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  Frankland  and  Mr.  McLeod  be  a  Committee  for  the  purpose  of 
investigating  the  composition  of  the  gases  dissolved  in  deep- well  water ;  and 
that  the  sum  of  £25  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  Matthiessen,  Mr.  Abel,  and  Mr.  David  Forbes  be  a  Committee  for 
the  purpose  of  investigating  the  Chemical  Nature  of  Cast  Iron ;  and  that 
the  sum  of  £80  be  placed  at  their  disposal  for  the  purpose. 

That  Sir  Charles  Lyell,  Bart.,  Professor  Phillips,  Sir  John  Lubbock,  Bart., 
Mr.  John  Evans,  Mr.  Edward  Vivian,  Mr.  William  Pengelly,  Mr.  George  Busk, 
and  Mr.  W.  Boyd  Dawkins  be  a  Committee  for  the  purpose  of  continuing  the 
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exploration  of  Kent's  Cavern,  Torquay ;  that  Mr.  Pengelly  be  the  Secretary, 
and  that  the  sum  of  .£150  be  placed  at  their  disposal  ibr  the  purpose. 

That  the  Committee  for  the  purpose  of  investigating  the  Leaf-beds  of  the 
Lower  Bagshot  Series  of  the  Hampshire  Basin,  consisting  of  Mr.  W.  S. 
Mitchell,  Mr.  Eobert  Etheridge,  Professor  J.  Morris,  and  Mr.  G.  Maw,  be  re- 
quested to  continue  their  investigations ;  that  Mr.  Mitchell  be  the  Secretary, 
and  that  the  sum  of  £30  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  P.  M.  Duncan  and  Mr.  Henry  Woodward  be  requested  to  continue 
their  Researches  on  British  Fossil  Corals;  and  that  the  sum  of  £50  be 
placed  at  their  disposal  for  the  purpose. 

That  the  Committee  for  the  purpose  of  investigating  the  veins  containing 
Organic  Remains  which  occur  in  the  Mountain  Limestone  of  the  Mendips 
and  elsewhere,  consisting  of  Mr.  C.  Moore,  the  Rev.  L.  Jenyns,  and  the  Rev. 
H.  H.  Winwood,  be  requested  to  continue  their  investigations ;  that  Mr. 
Moore  be  the  Secretary,  and  that  the  sum  of  £10  be  placed  at  their  disposal 
for  the  purpose. 

That  Dr.  Bryce,  Sir  W.  Thomson,  Mr.  D.  Milne-Home,  and  Mr.  Macfarlane 
be  requested  to  continue  the  researches  on  Earthquakes  in  Scotland;  that  Dr. 
Bryce  be  the  Secretary,  and  that  the  sum  of  £14  be  placed  at  their  disposal 
for  the  purpose. 

That  Mr.  Henry  Woodward,  Dr.  Duncan,  Professor  Harkness,  and  Mr. 
James  Thomson  be  a  Committee  for  the  purpose  of  making  and  photographing 
sections  of  such  Mountain  Limestone  Fossils  as  require  to  be  cut  in  order  to 
display  their  structure ;  that  Mr.  Woodward  be  the  Secretary,  and  that  the 
sum  of  £25  be  placed  at  their  disposal  for  the  purpose. 

That  Professor  Beete  Jukes,  Professor  Huxley,  and  Mr.  W.  H.  Baily  be  a 
Committee  for  the  purpose  of  exploring  the  fossils  of  the  twoKiltorcan  quarries, 
oo.  Kilkenny  ;  that  Mr.  W.  H.  Baily  be  the  Reporter,  and  that  the  sum  of 
£20  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  W.  Carruthers,  Mr.  Busk,  and  Professor  Balfour  be  a  Committee  for 
the  purpose  of  continuing  researches  into  the  Fossil  Flora  of  Britain  ;  that 
Mr.  Carruthers  be  the  Secretary,  and  that  the  sum  of  £25  be  placed  at  their 
disposal  for  the  purpose. 

That  Dr.  B.  W.  Richardson,  Professor  Humphry,  and  Dr.  Sharpey  be  a 
Committee  for  the  purpose  of  continuing  researches  on  the  physiological 
action  of  the  Methyl  Series  and  allied  organic  compounds;  and  that  the 
sum  of  £30  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  M.  Foster,  Mr.  W.  H.  Flower,  and  Professor  Humphry  be  a 
Committee  for  the  purpose  of  investigating  the  course  taken  by  the  products 
of  digestion ;  that  Dr.  M.  Foster  be  the  Secretary,  and  that  the  sum  of  £10 
be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  Crum  Brown,  Professor  Balfour,  and  Dr.  Frazer  be  a  Committee 
for  the  purpose  of  investigating  the  relation  between  Chemical  Constitution 
and  Physiological  Action  ;  that  Dr.  Crum  Brown  be  the  Secretary,  and  that 
the  sum  of  £15  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  E.  Ray  Lankester,  Mr.  Charles  Stewart,  and  Dr.  Arthur  Gamgee 
be  reappointed  as  a  Committee  for  the  purpose  of  investigating  Animal  Sub- 
stances with  the  Spectroscope ;  that  Mr.  E.  Ray  Lankester  be  the  Secretary, 
and  that  the  sum  of  £5  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  E.  Perceval  Wright,  Dr.  J.  E.  Gray,  and  the  Rev.  Dr.  Tristram  be 
a  Committee  for  the  purpose  of  dredging  on  the  coast  of  Lisbon  ;  that  Dr.  E. 
P.  Wright  be  the  Secretary,  and  that  the  sum  of  £20  be  placed  at  their 
disposal  for  the  purpose. 
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That  Sir  John  Lubbock,  Bart.,  Mr.  H.  T.  Stainton,  and  the  Rev.  H.  B. 
Tristram  be  a  Committee  for  the  purpose  of  preparing  a  record  of  Zoological 
Literature  for  the  year  1868 ;  that  Sir  John  Lubbock  be  the  Secretary,  and 
that  the  sum  of  £100  be  placed  at  their  disposal  for  the  purpose. 

That  the  Metric  Committee  be  reappointed,  such  Committee  to  consist  of 
Sir  John  Bowring,  The  Right  Hon.  C.  B.  Adderley,  M.P.,  Mr.  Samuel  Brown, 
Mr.  W.  Ewart,  M.P.,  Dr.  Farr,  Mr.  Frank  P.  Fellows,  Professor  Frankland, 
Professor  Hennessy,  Mr.  James  Heywood,  Sir  Robert  Kane,  Professor  Leone 
Levi,  Professor  W.  A.  Miller,  Professor  Rankine,  Mr.  C.  W.  Siemens,  Colonel 
Sykes,  M.P.,  Professor  A.  W.  Williamson,  Mr.  James  Yates,  Dr.  George  Glover, 
Mr.  Joseph  Whitworth,  Mr.  J.  R.  Napier,  Mr.  H.  Dircks,  Mr.  J.  V.  N.  Baxal- 
gette,  Mr.  W.  Smith,  Mr.  W.  Fairbairn,  and  Mr.  John  Robinson ;  that  Pro- 
fessor Leone  Levi  be  the  Secretary,  and  that  the  sum  of  £25  be  placed  at 
their  disposal. 

That  the  Committee,  consisting  of  Mr.  J.  Scott  Russell,  Mr.  T.  Hawksley, 
Mr.  J.  R.  Napier,  Mr.  William  Fairbairn,  and  Professor  W.  J.  M.  Rankine, 
to  analyze  and  condense  the  information  contained  in  the  Reports  of  the 
"  Steam-ship  Performance  "  Committee  and  other  sources  of  information  on 
the  same  subject,  with  power  to  employ  paid  calculators  or  assistants,  if  ne- 
cessary, be  reappointed ;  and  that  the  sum  of  £30  be  placed  at  their  dis- 
posal for  the  purpose. 

That  the  Committee,  consisting  of  Mr.  W.  Fairbairn  and  Mr.  Tait,  for  con- 
tinuing experiments  with  a  view  to  test  the  improvements  in  the  manufac- 
ture of  Iron  and  Steel,  be  reappointed ;  and  that  the  grant  of  £100  placed 
at  their  disposal  last  year  and  not  drawn  be  renewed. 

That  a  Committee,  consisting  of  Mr.  R.  B.  Grantham,  Mr.  W.  B.  Harding, 
Br.  J.  H.  Gilbert,  and  Dr.  Angus  Smith  (with  power  to  add  to  their  number), 
be  appointed  to  report  on  the  treatment  and  utilization  of  Sewage ;  and  that 
the  sum  of  £10  be  placed  at  their  disposal  for  the  purpose. 

Applications  for  Reports  and  Researches  not  involving  Grants 

of  Money. 

That  Iieut.-Col.  Strange,  Professor  Sir  W.  Thomson,  Professor  Tyndall, 
Professor  Frankland,  Dr.  Stenhouse,  Dr.  Mann,  Mr.  Huggins,  Mr.  Glaisher, 
Professor  Williamson,  Professor  Stokes,  Professor  Fleeming  Jenkin,  Professor 
Hirst,  Professor  Huxley,  and  Dr.  Balfour  Stewart  be  a  Committee  for  the 
purpose  of  inquiring  into,  and  of  reporting  to  the  British  Association  the 
opinion  at  which  they  may  arrive  concerning  the  following  questions : — 

I.  Does  there  exist  in  the  United  Kingdom  of  Great  Britain  and  Ireland 

sufficient  provision  for  the  vigorous  prosecution  of  Physical  Research  ? 

II.  If  not,  what  further  provision  is  needed  ?  and  what  measures  should 
be  taken  to  secure  it  ? 

and  that  Dr.  Robert  James  Mann  be  the  Secretary. 

That  Mr.  E.  J.  Lowe,  Professor  Frankland,  Professor  A.  W.  Williamson, 
Mr.  Glaisher,  Dr.  Moffat,  Mr.  C.  Brooke,  Dr.  Andrews,  and  Dr.  B.  Ward 
Richardson  be  a  Committee  for  the  purpose  of  promoting  accurate  Meteoro- 
logical Observations  of  Ozone ;  and  that  Mr.  Lowe  be  the  Secretary. 

That  the  Committee  on  Electrical  Standards,  consisting  of  Professor 
Williamson,  Professor  Sir  Charles  Wheatstone,  Professor  Sir  W.  Thomson, 
Professor  W.  A.  Miller,  Dr.  A.  Matthiessen,  Mr.  Fleeming  Jenkin,  Sir 
Charles  Bright,  Mr.  J.  Clerk  Maxwell,  Mr.  C.  W.  Siemens,  Mr.  Balfour 
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Stewart,  Dr.  Joule,  Mr.  C.  F.  Varley,  Mr.  G.  C.  Foster,  and  Mr.  C.  Hockin, 
be  reappointed ;  and  that  Professor  Fleeming  Jenkin  be  the  Secretary. 

That  the  Committee  on  Luminous  Meteors  and  Aerolites,  consisting  of 
Mr.  Glaisher,  Mr.  R.  P.  Greg,  Mr.  E.  W.  Brayley,  Mr.  Alexander  Herschel, 
and  Mr.  C.  Brooke,  be  reappointed ;  and  that  Mr.  Herschel  be  the  Secretary. 

That  the  Committee,  consisting  of  Dr.  Tyndall,  Dr.  Lyon  Playfair,  Dr. 
Odling,  Rev.  C.  Pritchard,  Professor  Kelland,  Professor  W.  A.  Miller, 
Professor  Foster,  Professor  "Williamson,  Mr.  Griffith,  Mr.  J.  M.  Wilson,  and 
James  Young,  be  reappointed  for  the  purpose  of  inquiring  into  the  pre- 
sent methods  of  teaching  the  elements  of  Dynamics,  Experimental  Physics, 
and  Chemistry  in  schools  of  various  classes,  and  of  suggesting  the  best  means 
of  promoting  this  object  in  accordance  with  the  Recommendations  of  the 
Report  of  the  Committee  appointed  by  the  Council ;  and  that  Professor 
Foster  and  Dr.  Odling  be  the  Secretaries. 

That  Mr.  W.  H.  L.  Russell  be  requested  to  prepare  a  Report  on  recent 
progress  in  the  theory  of  Elliptic  and  Hyperelliptic  Transcendents. 

That  Mr.  Fairley  be  requested  to  continue  his  researches  on  the  Poly- 
atomic Cyanides. 

That  Mr.  H.  Bauerman,  Professor  Otto  Torell,  and  Professor  Ramsay  be  a 
Committee  for  the  purpose  of  preparing  a  Report  on  Ice  as  an  Agent  of 
Geologic  Change  ;  and  that  Mr.  H.  Bauerman  be  the  Secretary. 

That  Mr.  F.  Buckland,  Rev.  H.  B.  Tristram,  Mr.  H.  E.  Dresser,  and 
Mr.  Tegetmeier  be  a  Committeo  for  the  purpose  of  collecting  evidence  as  to 
the  practicability  of  establishing  "  a  dose  time  "  for  the  protection  of  indige- 
nous animals ;  and  that  Mr.  F.  Buckland  be  the  Secretary. 

That  the  Committee  to  prepare  a  Report  on  Agricultural  Machinery  be 
reappointed,  such  Committee  to  consist  of  the  Duke  of  Buccleuch,  the  Rev. 
Patrick  Bell,  Mr.  David  Greig,  Mr.  J.  Oldham,  Mr.  William  Smith,  C.E., 
Mr.  Harold  Iittledale,  The  Earl  of  Caithness,  Mr.  Robert  Neilson,  Pro- 
fessor Rankine,  Mr.  F.  J.  Bramwell,  Professor  Willis,  and  Mr.  Charles  Manby ; 
and  that  Messrs.  P.  Le  Neve  Foster  and  J.  P.  Smith  be  the  Secretaries. 

That  Mr.  Thomas  Hawksley,  C.E.,  Professor  Rankine,  Mr.  Richard  B. 
Grantham,  C.E.,  Sir  A.  S.  Waugh,  and  Mr.  T.  Login,  C.E.  (with  power 
to  add  to  their  number)  be  a  Committee  for  the  purpose  of  reporting  on  the 
Laws  of  the  Flow  and  Action  of  Water  containing  solid  Matter  in  Suspension. 

That  a  Committee,  consisting  of  Mr.  W.  Fairbairn,  Mr.  Joseph  Whitworth, 
Mr.  Lavington,  Mr.  Fletcher,  Mr.  F.  J.  Bramwell  (with  power  to  add  to 
their  number),  be  appointed  to  consider  and  report  how  far  Coroner's  Inqui- 
sitions are  satisfactory  tribunals  for  the  investigation  of  Boiler  Explosions, 
and  to  consider  the  manner  in  which  these  tribunals  may  be  improved. 

That  the  Committee,  consisting  of  Admiral  Sir  Edward  Belcher,  Mr.  J. 
Oldham,  Mr.  J.  R.  Napier,  Mr.  George  Fawcus,  Mr.  William  Smith,  and  Mr. 
J.  Sissons,  be  reappointed  to  Report  on  the  Regulations  affecting  the  safety  of 
Merchant  Ships  and  their  Passengers. 

That  a  Committee,  consisting  of  Mr.  C.  W.  Merrifield,  F.R.S.,  Mr.  G.  P. 
Bidder,  Captain  Douglas  Galton,  F.R.S.,  Mr.  F.  Galton,  F.R.S.,  Professor 
Rankine,  F.R.S.,  and  Mr.  W.  Froude,  be  appointed  to  report  on  the  state  of 
existing  knowledge  on  the  stability,  propulsion,  and  sea-going  qualities  of 
Ships,  and  as  to  the  application  which  it  may  be  desirable  to  make  to  Her 
Majesty's  Government  on  these  subjects. 
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RECOMMENDATIONS  OF  THE  GENERAL  COMMITTEE.  xlil 

Involving  Application  to  Government. 

That  General  Sir  Andrew  Waugh,  Sir  Arthur  Phayre,  General  G.  Balfour, 
General  Sir  Vincent  Eyre,  Captain  Sherard  Osborn,  Mr.  George  Campbell, 
and  Dr.  Thomas  Thomson  be  a  Committee  for  the  purpose  of  representiiig  to 
the  Secretary  of  State  for  India  the  desirability  of  an  exploration  being 
made  of  the  district  between  the  Burhampooter,  the  Upper  Irrawaddy,  and 
the  Yang-tsze-Kiang,  with  a  view  to  a  route  being  established  between  the 
navigable  parts  of  those  rivers ;  and  that  Dr.  T.  Thomson  be  the  Secretary. 

That  application  be  made  to  the  Admiralty  for  aid  in  establishing  stations 
in  the  Orkneys  and  on  the  Coast  of  Ireland,  where  the  actual  temperature  of 
the  sea  may  be  taken  either  daily  or  weekly,  so  as  to  prove  or  disprove  any 
alteration  of  temperature  presumed  to  result  from  the  deflection  of  the  Gulf- 
of-Florida  Stream ;  that  Admiral  Manners,  Admiral  Sir  E.  Belcher,  Admiral 
Ommanney,  and  Mr.  Milne-Home  be  a  Committee  to  press  this  matter  on  the 
Government. 

Communications  to  be  published  in  extenso  in  the  Annual  Report '• 

That  the  communication  of  Mr.  Huggins  on  the  Progress  of  Spectroscopic 
Discovery  be  printed  in  extenso  among  the  Reports,  and  that  he  be  requested 
to  prepare  an  abstract  of  the  Discourse  which  he  delivered  to  the  British 
Association  at  its  Meeting  at  Nottingham,  and  prefix  it  to  the  paper 
referred  to. 

That  Father  Secchi's  communication,  entitled  "  Researches  in  the  Spectral 
Analysis  of  the  Stars,"  be  printed  in  extenso  among  the  Reports. 

That  Baron  Madler's  paper,  "  on  Changes  of  the  Moon's  Surface,"  be 
printed  in  extenso  among  the  Reports. 

That  the  Paper  by  C.  W.  Siemens,  "  On  Puddling  Iron,"  be  printed  in  the 
Reports  in  extenso. 

That  the  word  "  Ethnology  "  be  omitted  from  the  designation  of  Section  E. 

That  henceforth  the  Parliamentary  Committee  consist  of  those  Members 
of  the  Council  who  are  likewise  Members  of  one  of  the  two  Houses  of  Par- 
liament. 

That  Members  and  Committees  who  may  be  entrusted  with  sums  of  money 
for  collecting  specimens  of  Natural  History  be  requested  to  reserve  the  spe- 
cimens so  obtained  for  distribution  by  authority  of  the  Association. 
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1  REPORT— 1868. 

Synopsis  of  Grants  of  Money  appropriated  to  Scientific  Purposes  by 
the  General  Committee  at  the  Norwich  Meeting  in  August  1868. 

The  names  of  the  Members  who  would  be  entitled  to  call  on  the 
General  Treasurer  for  the  respective  Grants  are  prefixed. 

Kew  Observatory.  £    s.    d. 

Maintaining  the  Establishment  of  Kew  Observatory 600     0    0 

Matliematics  and  Physics. 
Tait,   Professor. — Thermal  Conductivity  of  Iron   and  other 

Metals     30    0     0 

♦Joule,  Dr. — Remeasurement  of  the  Dynamical  Equivalent  of 

Heat  (renewed) 50     0     0 

♦Thomson,  Professor  Sir  "W. — Underground  Temperature  ....  30     0     0 

♦Thomson,  Professor  Sir  W.— Tidal  Observations    100     0     0 

♦Brooke,  Mr.— British  Rainfall     50     0     0 

♦Glaisher,  Mr. — Lunar  Committee    .• 50     0     0 

CJiemistry. 

♦Anderson,  Dr. — Synthesis  of  Organic  Acids  (renewed) 12     0     0 

Frankland,  Dr. — Composition  of  Gases  dissolved  in  Deep-Well 

Water     25     0     0 

Matthiessen,  Dr. — Chemical  Nature  of  Cast  Iron 80     0     0 

Geology. 

♦Lyell,  Sir  C,  Bart.— Kont's-Cavern  Exploration   150    0     0 

♦Mitchell,  Mr.  W.  S.— Leaf-beds  of  the  Lower  Bagshot  series . .  30     0     0 

♦Duncan,  Dr.  P.  M.— British  Fossil  Corals 50     0     0 

♦Moore,  Mr.  C. — Veins   containing  Organic  Remains  in  the 

Mountain  Limestone  of  tho  Mendips  and  elsewhere 10     0     0 

♦Bryce,  Dr. — Earthquakes  in  Scotland  (renewed)    14     0     0 

Woodward,  Mr.  H. — Sections  of  Mountain-limestone  Fossils  25     0     0 

Biology. 

Jukes,  Professor. — Kiltorcan  Fossils,  Kilkenny 20    0     0 

♦Carruthers,  Mr.— Fossil  Flora  of  Britain    25     0     0 

♦Richardson,  Dr. — Physiological  Action  of  the  Methyl  Series. .  30     0     0 

Foster,  Dr.— Products  of  Digestion 10     0     0 

Brown,  Dr.  Crum. — Relation  between  Chemical  Constitution 

and  Physiological  Action    15    0     0 

♦Lankester,  Mr.  E.  Ray. — Investigation  of  Animal  Substances 

with  the  Spectroscope  (renewed) 5     0     0 

Wright,  Dr.  E.  P.— Dredging  on  the  coast  of  Lisbon     20     0     0 

♦Lubbock,  Sir  J.,  Bart.— Record  of  the  Progress  of  Zoology . .  100     0     0 

Statistics  and  Economic  Science. 

♦Bowring,  Sir  J. — Metrical  Committee 25    0    0 

Mechanics. 
♦Russell,  Mr.  J.  Scott. — Analysis  ;of  Reports  on  Steam-ship 

Performance    30    0    0 

♦Fairbairn,  Mr.  W.— Manufacture  of  Iron  and  Steel  (renewed)  100     0     0 

Grantham,  Mr.— -Treatment  and  utilisation  of  Sewage 10     0    0 

Total £1096     0     0 

*  Reappointed. 
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General  Statement  of  Sums  which  have  been  paid  on  Account  of  Grants 
for  Scientific  Purposes. 


£  s.  d. 

1834. 

Tide  Discussions   20  0  0 

1835. 

Tide  Discussions   62  0  0 

British  Fossil  Ichthyology    105  0  0 

£167  0  0 


1836. 

Tide  Discussions  163  0 

British  Fossil  Ichthyology    105  0 

Thermoraetric  Observations,  &c.     50  0 
Experiments  on  long-continued 

Heat  17  1 

Rain-Gauges 9  13 

Refraction  Experiment*    15  0 

Lunar  Nutation 60  0 

Thermometers  15  6 


£434  14     0 


1837. 

Tide  Discussions 284     1     0 

Chemical  Constants  24  13     6 

Lunar  Natation 70     0     0 

Observations  on  Waves 100  12     0 

Tides  at  Bristol 150     0     0 

Meteorology  and    Subterranean 

Temperature 89 

Vitrification  Experiments 150 

Heart  Experiments   8 

Barometric  Observations  30 


£918  14     6 


1838. 

Tide  Discussions    

British  Fossil  Fishes     

Meteorological  Observations  and 

Anemometer  (construction)  ... 

Cast  Iron  (Strength  of)     

Animal  and  Vegetable  Substances 

(Preservation  of) 

Railway  Constants    

Bristol  Tides 

Growth  of  Plants  

Mud  in  Rivers  

Education  Committee 

Heart  Experiments  

Land  and  Sea  Level 

Subterranean  Temperature  

Steam-vessels 

Meteorological  Committee    

Thermometers  


29     0     0 
100     0     0 

100     0     0 
60     0     0 

19  1  10 
41  12  10 
50     0     0 

0 

6 

0 

3 


75 

3 

50 

5 

267     8 

8     6 

100     0 

31     9 

16     4 


£956  12     2 


1839. 


Fossil  Ichthyology 110  0 

Meteorological    Observations    at 

Plymouth  63  10 

Mechanism  of  Waves 144  2 


Bristol  Tides ., , 35  18     6 


£  9.  d. 
Meteorology  and    Subterranean 

Temperature 21  11  0 

Vitrification  Experiments 9  4  7 

Cast-iron  Experiments 100  0  0 

Railway  Constants    28  7  2 

Land  and  Sea  Level 274  1  4 

Steam-vessels'  Engines 100  0  0 

Stars  in  Histoire  Celeste  331  18  6 

Stars  in  Lacaille    11  0  0 

Stars  in  R. A. S.  Catalogue 6  16  6 

Animal  Secretions 10  10  0 

Steam-engines  in  Cornwall 50  0  0 

Atmospheric  Air   16  10 

Cast  and  Wrought  Iron 40  0  0 

Heat  on  Organic  Bodies   3  0  0 

Gases  on  Solar  Spectrum 22  0  0 

Hourly  Meteorological  Observa- 
tions, Inverness  and  Kingussie  49  7  8 

Fossil  Reptiles  118  2  9 

Mining  Statistics  50  0  0 


£1595   11     0 


1840. 

Bristol  Tides 100     0     0 

Subterranean  Temperature  13 

Heart  Experiments   18 

Lungs  Experiments 8 

Tide  Discussions   50 

Land  and  Sea  Level 6 

Stars  (Histoire  Celeste)    242 

Stars  (Lacaille) 4 

Stars  (Catalogue)  264 

Atmospheric  Air    15 

Water  on  Iron  10 

Heat  on  Organic  Bodies   7 

Meteorological  Observations 52 

Foreign  Scientific  Memoirs 112 

Working  Population 100 

School  Statistics 50 

Forms  of  Vessels  184 

Chemical  and  Electrical  Pheno- 
mena      40     0     0 

Meteorological   Observations    at 

Plymouth  80     0     0 

Magnetical  Observations  185  13     9 


13 

6 

19 

0 

13 

0 

0 

0 

11 

1 

10 

0 

15 

0 

0 

0 

15 

0 

0 

0 

0 

0 

17 

6 

1 

6 

0 

0 

0 

0 

7 

0 

£1546  16     4 


1841. 

Observations  on  Waves 30  0     0 

Meteorology  and    Subterranean 

Temperature 8  8 

Actinometers 10  0 

Earthquake  Shocks  17  7 

Acrid  Poisons 6  0 

Veins  and  Absorbents   3  0 

Mud  in  Rivers  5  0 

Marine  Zoology 15  12     8 

Skeleton  Maps  20  0     0 

Mountain  Barometers    6  18     6 

Stars  (Histoire  Celeste) 185  0     0 

d2 
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REPORT — 1868. 


£  9.  d. 

Stars  (Lacaille) 79  5  0 

Stars  (Nomenclature  of)    17  19  6 

Stars  (Catalogue  of) 40  0  0 

Water  on  Iron  50  0  0 

Meteorological    Observations    at 

Inverness    20  0  0 

Meteorological  Observations  (re- 
duction of)    25  0  0 

Fossil  Reptiles  50  0  0 

Foreign  Memoirs  62  0  0 

Railway  Sections  38  1  6 

Forms  of  Vessels   193  12  0 

Meteorological    Observations    at 

Plymouth  55  0  0 

Magnetical  Observations  61  18  8 

Fishes  of  the  Old  Red  Sandstone  100  0  0 

Tides  at  Leith    50  0  0 

Anemometer  at  Edinburgh  69  1  10 

Tabulating  Observations   9  6  3 

Races  of  Men    5  0  0 

Radiate  Animals    2  0  0 

£1235  10  11 

1842. 

Dynamometric  Instruments 113  U  2 

Anoplura  Britannia 52  12  0 

Tides  at  Bristol 59  8  0 

Gases  on  Light 30  14  7 

Chronometers    26  17  6 

Marine  Zoology 1  5 

British  Fossil  Mammalia  100  0 

Statistics  of  Education  20  0 

Marine  Steam-vessels'  Engines...     28  0 

Stars  (Histoire  Celeste) 59  0 

Stars  (Brit.  Assoc.  Cat.  of ) 110  0 

Railway  Sections   161  10 

British  Belemnites 50  0 

Fossil   Reptiles    (publication    of 

Report) 210  0  0 

Forms  of  Vessels   180  0  0 

Galvanic  Experiments  on  Rocks       5  8  6 
Meteorological    Experiments    at 

Plymouth  68  0  0 

Constant  Indicator  and  Dynamo- 
metric  Instruments    90  0  0 

Force  of  Wind  10  0  0 

Light  on  Growth  of  Seeds    8  0  0 

Vital  Statistics  50  0  0 

Vegetative  Power  of  Seeds  8  111 

Questions  on  Human  Race  7  9  0 

£1449  17  h 


1843. 

Revision  of  the  Nomenclature  of 

Stars  2     0     0 

Reduction  of  Stars,  British  Asso- 
ciation Catalogue  25     0     0 

Anomalous  Tides,  Frith  of  Forth  120     0     0 

Hourly  Meteorological  Observa- 
tions at  Kingussie  and  Inverness     77  12     8 

Meteorological    Observations    at 

Plymouth  55     0     0 

Whewell's  Meteorological  Ane- 
mometer at  Plymouth  10    0    0 


£    s.   d. 

Meteorological  Observations,  Os- 
ier's Anemometer  at  Plymouth     20     0     0 

Reduction  of  Meteorological  Ob- 

ervations  30     0     0 

Meteorological   Instruments  and 

Gratuities  39     C     0 

Construction  of  Anemometer  at 

Inverness  56  12     2 

Magnetic  Cooperation   10     8    10 

Meteorological  Recorder  for  Kew 

Observatory   50     0     0 

Action  of  Gases  on  Light  13  16     1 

Establishment  at  Kew  Observa- 
tory, Wages,  Repairs,  Furni- 
ture and  Sundries 133     4     7 

Experiments  by  Captive  Balloons     81     8     0 

Oxidation  of  the  Rails  of  Railways     20     0     0 

Publication  of  Report  on  Fossil 

Reptiles 40     0     0 

Coloured   Drawings  .of  Railway 

Sections 147  18     3 

Registration       of      Earthquake 

Shocks   30     0     0 

Report  on  Zoological  Nomencla- 
ture         10     0     0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 4     4     6 

Vegetative  Power  of  Seeds    5     3     8 

Marine  Testacea  (Habits  of )    ...     10     0     0 

Marine  Zoology 10     0     0 

Marine  Zoology 2  14   11 

Preparation  of  Report  on  British 

Fossil  Mammalia  100     0     0 

Physiological  Operations  of  Me- 
dicinal Agents   20     0     0 

Vital  Statistics  36     5     8 

Additional  Experiments  on  the 

Forms  of  Vessels  70     0     0 

Additional  Experiments  on  the 

Forms  of  Vessels  100     0     0 

Reduction  of  Experiments  on  the 

Forms  of  Vessels   100     0     0 

Morin's  Instrument  and  Constant 

Indicator    69  14   10 

Experiments  on  the  Strength  of 

Materials 60     0     0 

Jgl5fi5~~10     2 

1844. 

Meteorological    Observations    at 

Kingussie  and  Inverness  12     0     0 

Completing  Observations  at  Ply- 
mouth         35     0     0 

Magnetic  and  Meteorological  Co- 
operation         25     8     4 

Publication  of  the  British  Asso- 
ciation Catalogue  of  Stars 35     0     0 

Observations  on    Tides   on  the 

East  coast  of  Scotland 100     0     0 

Revision  of  the  Nomenclature  of 
Stars  1842       2     9     6 

Maintaining  the  Establishment  in 

Kew  Observatory 117  17     3 

Instruments  for  Kew  Observatory    56    7    3 
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£    s.   d. 

Influence  of  Light  on  Plants 10     0     0 

Subterraneous    Temperature     in 

Ireland  5     0     0 

Coloured   Drawings  of  Railway 

Sections 15  17     6 

Investigation  of  Fossil  Fishes  of 

the  Lower  Tertiary  Strata  ...  100  0  0 
Registering  the  Shocks  of  Earth- 
quakes    1842     23  11   10 

Structure  of  Fossil  Shells 20     0     0 

Radiata    and    Mollusca    of  the 

JEgean  and  Red  Seas 1842  100     0     0 

Geographical     Distributions     of 

Marine  Zoology 1842     10     0     0 

Marine  Zoology  of  Devon  and 

Cornwall    10     0     0 

Marine  Zoology  of  Corfu 10     0     0 

Experiments  on  the  Vitality  of 

Seeds 9     0     3 

Experiments  on  the  Vitality  of 

Seeds 1842       8     7     3 

Exotic  Anoplura    15     0     0 

Strength  of  Materials    100     0     0 

Completing  Experiments  on  the 

Forms  of  Ships 100     0     0 

Inquiries  into  Asphyxia    10     0     0 

Investigations    on    the   Internal 

Constitution  of  Metals  50     0     0 

Constant  Indicator  and  Morin's 

Instrument    1842     10     3     6 


30 


16 


1845. 
Publication  of  the  British  Associa- 
tion Catalogue  of  Stars 351 

Meteorological    Observations    at 

Inverness  

Magnetic  and  Meteorological  Co- 
operation     

Meteorological     Instruments    at 

Edinburgh 18 

Reduction  of  Anemometrical  Ob- 
servations at  Plymouth 25 

Electrical   Experiments  at  Kew 

Observatory  43 

Maintaining  the  Establishment  in 

Kew  Observatory  149 

For  Kreil's  Barometrograph 25 

Gases  from  Iron  Furnaces    50 

The  Actinograph  15 

Microscopic  Structure  of  Shells...     20 

Exotic  Anoplura    1843     10 

Vitality  of  Seeds 1843       2 

Vitality  of  Seeds 1844       7 

Marine  Zoology  of  Cornwall 10 

Physiological  Action  of  Medicines     20 
Statistics  of  Sickness  and  Mor- 
tality in  York    20 

Earthquake  Shocks 1843     15 

~lB83<r 


£931   12     8 


14     6 
18  11 

16  8 
11     9 

0     0 

17  8 


0     0 

I4     8 
9     9 


1846. 
British  Association  Catalogue  of 

Stars  1844  211  15    0 


£ 

Fossil  Fishes  of  the  London  Clay  100 
Computation    of    the    Gaussian 

Constants  for  1 839 50 

Maintaining  the  Establishment  at 

Kew  Observatory  146 

Strength  of  Materials 60 

Researches  in  Asphyxia 6 

Examination  of  Fossil  Shells 10 

Vitality  of  Seeds    1844  2 

Vitality  of  Seeds    1845  7 

Marine  Zoology  of  Corn  wall 10 

Marine  Zoology  of  Britain   10 

Exotic  Anoplura    1844  25 

Expenses  attending  Anemometers  1 1 

Anemometers'  Repairs 2 

Atmospheric  Waves 3 

Captive  Balloons  1844  8 

Varieties  of  the  Human  Race 

1844  7 
Statistics  of  Sickness  and  Mor- 
tality in  York 12 

JEG85 


s. 

d. 

0 

0 

0 

0 

16 

7 

0 

0 

16 

2 

0 

0 

15 

10 

12 

3 

0 

0 

0 

0 

0 

0 

7 

6 

3 

6 

3 

3 

19 

3 

6 

3 

0 

0 

16     0 


1847. 
Computation    of    the    Gaussian 

Constants  for  1839    50     0  0 

Habits  of  Marine  Animals    10     0  0 

Physiological  Action  of  Medicines  20     0  0 

Marine  Zoology  of  Cornwall    ...  10     0  0 

Atmospheric  Waves 6     9  3 

Vitality  of  Seeds   4     7  7 

Maintaining  the  Establishment  at 

Kew  Observatory 107     8  6 

~g208     5  4 

1848. 
Maintaining  the  Establishment  at 

Kew  Observatory 171  15  11 

Atmospheric  Waves 3   10  9 

Vitality  of  Seeds    9  15  0 

Completion  of  Catalogues  of  Stars  70     0  0 

On  Colouring  Matters  5     0  0 

On  Growth  of  Plants >IL_  15     0  0 

"~i*275~  1  8 


1849. 

Electrical  Observations  at  Kew 

Observatory  50     0     0 

Maintaining    Establishment     at 
ditto    76     2     5 

Vitality  of  Seeds    5     8     1 

On  Growth  of  Plants 5     0     0 

Registration  of  Periodical  Phe- 
nomena      10     0     0 

Bill  on  account  of  Anemometrical 

Observations 13     9     0 

"lel59"T9~6 

1850. 
Maintaining  the  Establishment  at 

Kew  Observatory 255  18     0 

Transit  of  Earthquake  Waves  ,..     50    0    0 
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REPORT 1868. 


£  s.  d. 

Periodical  Phenomena 15  0  0 

Meteorological    Instrument, 

Aiores    25  0 0 

~£345~l8  0 

1851.  -~~    — ^~rr-r 
Maintaining  the  Establishment  at 

Kew  Observatory  (includes  part 

of  grant  in  1849)  309  2  2 

Theory  of  Heat 20  1  1 

Periodical  Phenomena  of  Animals 

and  Plants 6  0  0 

Vitality  of  Seeds   5  6  4 

Influence  of  Solar  Radiation 30  0  0 

Ethnological  Inquiries 12  0  0 

Researches  on  Annelida 10  0  0 

£391  9  7 

1852.  ~~~ 
Maintaining  the  Establishment  at 

Kew    Observatory    (including 

Mbalance  of  grant  for  1850)    ...233  17  8 
Experiments  on  the  Conduction 

of  Heat  5  2  9 

Influence  of  Solar  Radiations  ...     20  0  0 

Geological  Map  of  Ireland    15  0  0 

Researches  on  the  British  Anne. 

lida 10  0  0 

Vitality  of  Seeds    10  6  2 

Strength  of  Boiler  Plates  10  0  0 

~£304~~6~  7 

1853.  ~rrT"  r""' 
Maintaining  the  Establishment  at 

Kew  Observatory 165  0  0 

Experiments  on  the  Influence  of 

Solar  Radiation 15  0  0 

Researches  on  the  British  Anne- 
lida      10  0  0 

Dredging  on  the  East  Coast  of 

Scotland 10  0  0 

Ethnological  Queries    5  0  0 

£205  ~0  ~  0 
1854. 
Maintaining  the  Establishment  at 
Kew    Observatory    (including 

balance  of  former  grant)  330  15  4 

Investigations  on  Flax 11  0  0 

Effects      of      Temperature     on 

Wrought  Iron    10  0  0 

Registration  of  Periodical    Phe- 
nomena       10  0  0 

British  Annelida    10  0  0 

Vitality  of  Seeds    5  2  3 

Conduction  of  Heat  ,,..       4  2  0 

£,iH0  19  7 
1855.                  "~~T™~ 
Maintaining  the  Establishment  at 

Kew  Obssrvatory  425  0  0 

Earthquake  Movements    10  0  0 

Physical  Aspect  of  the  Moon 11  8  5 

Vitality  of  Seeds   10  7  II 

Map  of  the  World 15  0  0 

Ethnological  Queries 5  0  O 

Dredging  near  Belfast  4  0  0 

£ 180  16  4 


£   #.     d. 


1856. 
Maintaining  the  Establishment  at 
Kew  Observatory: — 

1854 £  75     0     01 

1855 £500     0     0/ 

Strickland's  Ornithological  Syno- 
nyms  

Dredging  and  Dredging  Forms... 

Chemical  Action  of  Light 

Strength  of  Iron  Plates 10 

Registration  of  Periodical  Pheno- 
mena ~ 10 

Propagation  of  Salmon 10 


575     0     0 


100 

9 

20 


0 

13 

0 

0 

0 
0 


£7^4  13     9 


1857. 

Maintaining  the  Establishment  at 

Kew  Observatory 350  0  0 

Earthquake  Wave  Experiments.  .4000 

Dredging  near  Belfast 10  0  0 

Dredging  on  the  West  Coast  of 

Scotland 10  0  0 

Investigations  into  the  Mollusca 

of  California  10  0  0 

Experiments  on  Flax    5  0  0 

Natural  History  of  Madagascar. .  20  0  0 

Researches  on  British  Annelida  25  0  0 

Report  on  Natural  Products  im- 
ported into  Liverpool    10  0  0 

Artificial  Propagation  of  Salmon  10  0  0 

Temperature  of  Mines 7  8  0 

Thermometers  for  Subterranean 

Observations 5  7  4 

Life-Boats 5  0  0 


£507   15     4 


1858. 
Maintaining  the  Establishment  at 

Kew  Observatory  500  0 

Earthquake  Wave  Experiments..  25  0 
Dredging  on  the  West  Coast  of 

Scotland     10  0 

Dredging  near  Dublin  5  0 

Vitality  of  Seeds    5  5 

Dredging  near  Belfast  18  13 

Report  on  the  British  Annelida...  25  0 
Experiments  on    the  production 

of  Heat  by  Motion  in  Fluids  ...  20  0 
Report  on  the  Natural  Products 

imported  into  Scotland 10  0 

£618*18" 


1859. 
Maintaining  the  Establishment  at 

Kew  Observatory 500  0  0 

Dredging  near  Dublin 15  0  0 

Osteology  of  Birds 50  0  0 

Iri>h  Tunicata  5  0  0 

Manure  Experiments 20  0  0 

British  Medusidce 5  0  0 

Dredging  Committee 5  0  0 

Steam-vessels' Performance 5  0  0 

Marine  Fauna  of  South  and  West 

of  Ireland 10  0  0 

Photographic  Chemistry 10  0  0 

Lanarkshire  Fossils  20  0  1 

Balloon  Ascents 39  11  0 
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1860.  £     8.  d. 

Maintaining  the   Establishment 

of  Kew  Observatory MO    0    0 

Dredging  near  Belfast 16     6     0 

Dredging  in  Dublin  Bay 15     0     0 

Inquiry  into  the  Performance  of 

Steam-vessels 124    0     0 

Explorations  in  the  Yellow  Sand- 
stone of  Dura  Den 20     0     0 

Chemico-mechanical  Analysis  of 

Rocks  and  Minerals 25     0     0 

Researches    on    the  Growth   of 

Plants 10     0     0 

Researches  on  the  Solubility  of 

Salts.., 30     0     0 

Researches  on  the  Constituents 

ofManures 25     0     0 

Balance  of  Captive  Balloon  Ac- 
counts  • 1   13     6 


£1241     7     0 


1861. 
Maintaining    the   Establishment 

of  Kew  Observatory 500 

Earthquake  Experiments.. 25 

Dredging  North  and  East  Coasts 

of  Scotland 23 

Dredging  Committee : — 

I860 £50     0     01 

1861 £22     0     0  J 

Excavations  at  Dura  Den 20 

Solubility  of  Salts 20 

Steam- vessel  Performance     150 

Fossils  of  Lesmahago    15 

Explorations  at  Uriconium  20 

Chemical  Alloys    20 

Classified  Index  to  the  Transac- 
tions    100 

Dredging  in  the  Mersey  and  Dee  5 

Dip  Circle 30 

Photoheliographic  Observations  50 

Prison  Diet    20 

Gauging  of  Water 10 

Alpine  Ascents 6 

Constituents  of  Manures  25 


0  0 

0  0 

0  0 

2     0  0 


£1111     5   10 


1862. 
Maintaining  the   Establishment 

of  Kew  Observatory 500  0  0 

Patent  Laws 216  0 

Mollusca  of  N.-W.  America 10  0  0 

Natural    History   by  Mercantile 

Marine  5  0  0 

Tidal  Observations    25  0  0 

Photoheliometer  at  Kew  40  0  0 

Photographic  Pictures  of  the  Sun  150  0  0 

Rocks  of  Donegal 25  0  0 

Dredging   Durham   and   North- 
umberland   25  0  0 

Connexion  of  Storms 20  0  0 

Dredging   North-East   Coast  of 

Scotland 6  9  6 

Ravages  of  Teredo    3  11  0 

Standards  of  Electrical  Resistance  50  0  0 

Railway  Accidents 10  0  0 


£  $.  d. 

Balloon  Committee  200    0  0 

Dredging  Dublin  Bay  10  0  0 

Dredging  the  Mersey    5  0  0 

Prison  Diet    20  0  0 

Gauging  of  Water 12  10  0 

Steamships' Performance 150  0  0 

Thermo-Electric  Currents    5  0  0 

£1293  16  6 

1863. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Balloon  Committee  deficiency...     70  0  0 

Balloon  Ascents  (other  expenses)    25  0  0 

Entozoa 25  0  0 

Coal  Fossils  20  0  0 

Herrings 20  0  0 

Granites  of  Donegal 5  0  0 

Prison  Diet 20  0  0 

Vertical  Atmospheric  Movements    13  0  0 

Dredging  Shetland  50  0  0 

Dredging   North-east    coast  of 

Scotland  25  0  0 

Dredging  Northumberland  and 

Durham 17  3  10 

Dredging    Committee    superin- 
tendence       10  0  0 

Steamship  Performance  100  0  0 

Balloon  Committee 200  0  0 

Carbon  under  pressure 10  0  0 

Volcanic  Temperature 100  0  0 

Bromide  of  Ammonium  8  0  0 

Electrical  Standards 100  0  0 

Construction  and  distribu- 
tion         40  0  0 

Luminous  Meteors  17  0  0 

Kew  Additional   Buildings  for 

Photoheliograph  100  0  0 

Thermo-Electricity  15  0  0 

Analysis  of  Rocks     8  0  0 

Hydroids  100  0 

£1608  3  10 

1864.  — - 

Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Coal  Fossils  20  0  0 

Vertical    Atmospheric    Move- 
ments      20  0  0 

Dredging  Shetland  75  0  0 

Dredging  Northumberland 25  0  0 

Balloon  Committee 200  0  0 

Carbon  under  pressure 10  0  0 

Standards  of  Electric  Resistance  100  0  0 

Analysis  of  Rocks 10  0  0 

Hvdroida  10  0  0 

Askham'sGift  50  0  0 

Nitrite  of  Amyle  10  0  0 

Nomenclature  Committee    5  0  0 

Rain-Gauges 19  15  8 

Cast-Iron  Investigation   20  0  0 

Tidal  Observations  in  the  H umber  50  0  0 

Spectral  Rays   45  0  0 

Luminous  Meteors   20  0  0 

£1289  15  8" 
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REPORT — 1868. 


1865.  £  t.  d. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Balloon  Committee 100  0  0 

Hydroida  13  0  0 

Rain-Gauges 30  0  0 

Tidal  Observations  in  the  Humber     6  8  0 

Hexylic  Compounds 20  0  0 

Arayl  Compounds 20  0  0 

Irish  Flora    25   0  0 

American  Mollusca  3  9  0 

Organic  Acids  20  0  0 

Lingula  Flags  Excavation    10  0  0 

Eurypterus    50  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding  25  0  0 

Gibraltar  Caves  Researches     ...  150  0  0 

Kent's  Hole  Excavations 100  0  0 

Moon's  Surface  Observations  ...    35  0  0 

Marine  Fauna  25  0  0 

Dredging  Aberdeenshire 25  0  0 

Dredging  Channel  Islands  50  0  0 

Zoological  Nomenclature 5  0  0 

Resistance  of  Floating  Bodies  in 

Water   100  0  0 

Bath  Waters  Analysis 8  10  0 

Luminous  Meteors 40  0  0 

£1591  7  10 

1866.  *-**— * 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Lunar  Committee 64  13  4 

Balloon  Committee 50  0  0 

Metrical  Committee 50  0  0 

British  Rainfall 50  0  0 

Kilkenny  Coal  Fields    16  0  0 

Alum  Bay  Fossil  Leaf-Bed  15  0  0 

Luminous  Meteors   50  0  0 

Lingula  Flags  Excavation    20  0  0 

Chemical  Constitution  of  Cast 

Iron   50  0  0 

Amyl  Compounds 25  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Exploration 30  0  0 

Kent's  Hole  Exploration 200  0  0 

Marine  Fauna,  &c.,  Devon  and 

Cornwall   25  0  0 

Dredging  Aberdeenshire  Coast...     25  0  0 

Dredging  Hebrides  Coast 50  0  0 

Dredging  the  Mersey   5  0  0 

Resistance  of  Floating  Bodies  in 

Water    50  0  0 

Polycyanides  of  Organic  Radi- 
cals      20  0  0 

Rigor  Mortis 10  0  0 

Irish  Annelida 15  0  0 

Catalogue  of  Crania 50  0  0 

Didine  Birds  of  Mascarcne  Islands  50  0  0 

Typical  Crania  Researches  30  0  0 

Palestine  Exploration  Fund 100  0  0 

£1750  13  4 


£ 
1867. 
Maintaining  the  Establishment 

of  Kew  Observatory 600 

Meteorological  Instruments,  Pa- 
lestine         50 

Lunar  Committee 120 

Metrical  Committee 30 

Kent's  Hole  Explorations  100 

Palestine  Explorations 50 

Insect  Fauna,  Palestine    30 

British  Rainfall 50 

Kilkenny  Coal  Fields   25 

Alum  Bay  Fossil  Leaf-Bed 25 

Luminous  Meteors   50 

Bournemouth,  &c.  Leaf-Beds  ...    30 

Dredging,  Shetland 75 

Steamship   Reports    Condensa- 
tion      100 

Electrical  Standards 100 

Ethyle  and  Methyle  series  25 

Fossil  Crustacea    25 

Sound  under  Water 24 

North  Greenland  Fauna  75 

Do.  Plant  Beds  ...  100 
Iron  and  Steel  Manufacture  ...  25 
Patent  Laws  L  30 

il739_ 


«.  d. 


0    O 


1868. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Lunar  Committee 120  0  0 

Metrical  Committee 50  0  0 

Zoological  Record    100  0  0 

Kent's  Hole  Explorations    150  0  0 

Steamship  Performances 100  0  0 

British  Rainfall     50  0  0 

Luminous  Meteors  50  0  0 

Organic  Acids  60  0  0 

Fossil  Crustacea   25  0  0 

Methyl  series    25  0  0 

Mercury  and  Bile 25  0  0 

Organic  remains  in  Limestone 

Rocks    25  0  0 

Scottish  Earthquakes  20  0  0 

Fauna,  Devon  and  Cornwall    ...  30  0  0 

British  Fossil  Corals 50  0  0 

Bagshot  Leaf-beds   50  0  0 

Greenland  Explorations  100  0  0 

Fossil  Flora  25  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature 50  -0  0 

Spectroscopic  investigations  of 

Animal  Substances  5  0  0 

Secondary  Reptiles,  &c  30  0  0 

British     Marine     Invertebrate 

Fauna    100  0  0 

i'1940  0  0 
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GENERAL  MEETINGS.  lvii 

Extracts  from  Resolutions  of  the  General  Committee. 

Committees  and  individuals,  to  whom  grants  of  money  for  scientific  pur- 
poses have  been  entrusted,  are  required  to  present  to  each  following  Meeting 
of  the  Association  a  Report  of  the  progress  which  has  been  made ;  with  a 
statement  of  the  sums  which  have  been  expended,  and  the  balance  which  re- 
mains disposable  on  each  grant. 

Grants  of  pecuniary  aid  for  scientific  purposes  from  the  funds  of  the  Asso- 
ciation expire  at  the  ensuing  Meeting,  unless  it  shall  appear  by  a  Report  that 
the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  bo 
ordered  by  the  General  Committee. 

Members  and  Committees  who  are  entrusted  with  sums  of  money  for  col- 
lecting specimens  of  Natural  History  are  requested  to  reserve  the  specimens 
so  obtained  for  distribution  by  authority  of  the  Association. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call  on 
the  Treasurer, William  Spottiswoode,  Esq.,  50  Grosvenor  Place,  London,  S.W., 
for  such  portion  of  the  sum  granted  as  may  from  time  to  time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  members. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  continua- 
tion of  Researches  at  the  cost  of  the  Association,  the  sum  named  shall  be 
deemed  to  include,  as  a  part  of  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 

General  Meetings. 

On  "Wednesday  Evening,  August  19,  at  8  p.m.,  in  the  Drill  Hall,  His 
Grace  the  Duke  of  Buccleuch,  K.G.,  F.R.S.,  President,  resigned  the  office  of 
President  to  Dr.  Joseph  Dalton  Hooker,  F.R.S.,  F.L.S.,  who  took  the  Chair, 
and  delivered  an  Address,  for  which  see  page  lviii. 

On  Thursday  Evening,  August  20,  at  8  p.m.,  a  Soiree  took  place  in  St. 
Andrew's  Hall. 

On  Wednesday  Evening,  August  26,  in  the  Drill  Hall,  Prof.  Huxley, 
LL.D.,  F.R.S.,  delivered  a  Discourse  on  "  Chalk,"  to  the  Operative  Classes 
of  Norwich. 

On  Friday  Evening,  August  21,  at  8.30  p.m.,  in  the  Drill  Hall,  J.  Fergusson, 
Esq.,  F.R.S,,  delivered  a  Discourse  on  the  "  Archaeology  of  the  Early  Bud- 
dish  Monuments." 

On  Tuesday  Evening,  August  25,  at  8  p.m.,  in  the  Drill  Hall,  Dr.  W. 
Odling,  F.R.S. ,  delivered  a  Discourse  on  "  Reverse  Chemical  Actions ; "  after 
which,  at  9  p.m.,  a  Soiree  took  place  in  St.  Andrew's  Hall. 

On  Wednesday,  August  26,  at  3  p.m.,  the  concluding  General  Meeting 
took  place,  when  the  Proceedings  of  the  General  Committee,  and  the  Grants  of 
Money  for  Scientific  purposes,  were  explained  to  the  Members. 

The  Meeting  was  then  adjourned  to  Exeter*. 

*  The  Meeting  is  appointed  to  take  place  on  Wednesday,  August  18,  1869. 
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ADDRESS 


OF 


JOSEPH    D.   HOOKER,    E.R.S., 

D.C.L.  OXON.;   LL.D.  CANTAB.;   &C. 

PRESIDENT. 


My  Lords,  Ladies,  and  Gentlemen, 

Thirty  years  will  to-morrow  have  elapsed  since  I  first  attended  a  Meeting 
of  the  British  Association ;  it  was  the  one  which  opened  at  Newcastle  on  tho 
20th  of  August,  1838.  On  that  occasion,  tho  Council  of  the  Association 
resolved  to  recommend  to  Her  Majesty's  Government  the  despatch  of  an 
expedition  to  the  Antarctic  regions,  under  the  command  of  Captain  James 
Ross ;  and  it  was  from  Newcastle  that  I  wrote  to  my  friends  announcing  my 
resolve  to  accompany  it,  in  whatever  capacity  I  could  obtain  a  situation 
amongst  its  officers.  It  was  thus  that  my  scientific  career  was  first  shaped ; 
and  it  is  to  this  expedition,  which  was  one  of  the  very  earliest  results  of  the 
labours  of  the  British  Association,  that  I  am  indebted  for  the  honour  you 
have  conferred  upon  me,  in  placing  me  in  your  President's  chair. 

If  I  now  look  back  with  pride  to  those  immediately  following  years,  when 
I  had  a  share,  however  small,  in  the  discovery  of  the  Antarctic  Continent, 
the  Southern  Magnetic  Pole,  the  Polar  Barrier,  and  the  Ice-clad  Yolcanos 
of  Victoria  Land,  I  do  so  also  with  other  and  far  different  feelings.  Thirty 
years,  as  statisticians  tell  us,  represent  the  average  duration  of  human  life ; 
I  need  not  say,  that,  as  measured  by  the  records  of  the  British  Association, 
a  human  lifetime  is  far  shorter  than  this ;  for  of  the  fourteen  officers  who 
presided  over  us  in  1838,  but  two  remain,  your  former  President  and  devoted 
adherent  for  thirty-fivo  years,  Sir  Roderick  Murchison,  who  delivered  the 
opening  address  on  that  occasion,  and  whose  health,  I  regret  to  add,  prevents 
his  attendance  at  this  Meeting ;  and  your  faithful  and  evergreen  Secretary, 
Professor  Phillips,  upon  whose  presence  here  I  congratulate  both  you  and 
him. 

Again,  looking  back  beyond  thirty  years  ago  in  the  pages  of  your  Records, 
I  find  those  to  have  been  halcyon  years  for  Presidents,  when  the  preparation 
and  delivery  of  the  Addresses  devolved  upon  the  Treasurer,  Secretary,  or 
other  officer  than  the  President;  and  that  in  fact  Presidential  Addresses 
date  from  the  first  Meeting  after  that  at  Newcastle.  Of  late  years  these 
Addresses  have  been  regarded,  if  not  as  the  whole  duty  of  the  President, 
certainly  as  his  highest ;  for  your  sakes,  as  well  as  for  my  own,  I  wish  this 
were  not  so  ;  both  because  there  are  amongst  your  officers  so  many  men  far 
more  competent  than  I  am,  and  because  I  believe  that  the  responsibility 
which  the  preparation  of  these  Addresses  entails,  disadvantageously  limits 
your  choice  of  Presidents.  The  impression  is  very  prevalent  that  the  Address 
should  either  be  a  scientific  tour  de  force,  philosophical  and  popular,  or  a 
rSsumi  of  the  progress  of  one  or  more  important  branches  of  science ;  and 
this  view  of  the  duty  has  greatly  embarrassed  me,  inasmuch  as  I  am  unable 
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to  fulfil  either  of  these  requirements.  On  various  occasions  during  the  last 
half  year  I  have  essayed  to  fulfil  the  wishes  of  my  botanical  friends,  that  I 
should  either  discuss  the  phenomena  of  the  Vegetable  kingdom  in  their 
relation  to  collateral  sciences,  or  sketch  the  rise  and  progress  of  Scientific 
Botany  during  the  present  century,  or  a  portion  of  it ;  but  every  such  essay 
has  been  quickly  frustrated  by  the  pressure  of  official  duties.  Such  themes 
require  much  research,  much  thought,  and,  above  all,  some  continuous  leisure, 
during  which  the  whole  mind  may  be  concentrated  on  the  method  of  treat- 
ment, as  well  as  on  the  material  to  be  treated  'of;  and  this  leisure  was 
incompatible  with  the  discharge  of  my  duties  as  administrator  of  a  large 
public  department,  entailing  a  ceaseless  correspondence  with  the  Government 
offices,  and  with  Botanical  establishments  all  over  the  globe.  And  I  do  not 
ask  your  indulgence  for  myself  alone,  for  there  are  at  this  Meeting  official 
men  of  scientific  attainments,  who  have  accepted  the  Presidentships  of  Sections, 
but  who,  on  leaving  their  posts  to  do  your  bidding,  drag  a  lengthening  chain 
of  correspondence  after  them,  and  sacrifice  no  short  portion  of  those  brief 
holidays  which  are  allowed  to  public  officers.  After  all,  it  is  deeds,  not 
words,  that  we  want  from  them ;  and  T  am  proud  to  find  our  Sections  pre- 
sided over  by  men  who  have  won  their  spurs  in  their  respective  sciences,  and 
who  will  wear  them  in  the  chairs  they  occupy,  and  use  them,  too,  if  needs 
must. 

For  my  own  part  I  propose  to  offer  you  some  remarks  upon  several  matters 
to  which  the  attention  of  your  Committee  was  directed  when  at  Dundee,  and 
then  upon  some  of  the  great  advances  that  have  been  made  in  Botany  during 
the  last  few  years ;  this  will  infallibly  drag  me  into  Darwinism :  after  which 
I  shall  allude  to  some  matters  connected  with  that  dawning  science,  tho 
Early  History  of  Mankind,  a  theme  which  will  be  a  distinguishing  collateral 
feature  of  the  Norwich  Association.  If  in  all  this  I  disappoint  you,  it  will  be 
my  solace  to  hope  that  I  may  thereby  break  the  fall  of  some  future  President, 
who,  like  myself,  may  have  the  will,  but  not  the  time,  adequately  to  meet 
your  great  expectations. 

Before  commencing,  however,  I  must  advert  to  a  circumstance  which 
cannot  but  be  uppermost  in  the  minds  of  all  habitual  attendants  at  these 
annual  gatherings ;  it  is,  that  but  for  a  severe  accident  there  would  have 
been  present  here  to-night  the  oldest  surviving,  and  indeed  the  first  but  two 
of  the  Presidents  of  the  British  Association:  my  geological  friends  will 
understand  to  whom  I  allude,  as  that  Rock  of  Science  in  whom  age  and  tho 
heat  and  shocks  of  Scientific  Controversy  have  wrought  no  metamorphosis, 
and  developed  no  cleavage  planes — a  man  of  whom  both  Norwich  and  tho 
Association  are  proud — your  Canon,  our  father,  Sedgwick. 

My  first  duty  as  President  is  tho  pleasant  one  of  introducing  to  you  tho 
members  of  the  International  Congress  of  Pre-historic  Archaeology,  who,  under 
the  Presidency  of  Sir  John  Lubbock,  himself  a  master  of  this  branch  of 
knowledge,  open  their  third  session  to-morrow  in  this  city.  The  researches 
which  specially  occupy  the  attention  of  the  Congress  are  perhaps  the  most 
fascinating  that  ever  engaged  the  faculties  of  man ;  and  pursued  as  they  now 
are  in  a  scientific  spirit,  and  in  due  subjection  to  scientific  methods,  they  will 
command  all  the  sympathy,  and  their  meetings  will  receive  all  the  support 
that  my  fellow  members  of  the  British  Association  can  afford  to  them.  And 
there  is  one  way  in  particular  by  which  we  can  show  our  goodwill  and  give 
our  support,  so  simple  that  I  hope  no  one  will  neglect  it ;  and  that  is  that  we 
shall  all  call  at  their  official  residence  at  the  Free  Library,  inscribe  our  numes 
in  their  books,  and  obtain  cards  for  their  meetings. 
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The  next  subject  which  I  have  to  bring  officially  before  you  will  interest 
tho  members  of  the  Congress  no  less  than  ourselves,  and  relates  to  the  action 
of  your  Committee  appointed  last  year  to  represent  to  tho  Secretary  of 
State  for  India  "  the  great  and  urgent  importance  of  adopting  active  measures 
to  obtain  reports  on  the  physical  form,  manners,  and  customs  of  the  indige- 
nous populations  of  India,  and  especially  of  those  tribes  which  are  still  in  the 
habit  of  erecting  Megalithic  monuments.,, 

Upon  consideration  the  Committee  decided  that  it  would  be  better  in  tho 
first  instance,  to  direct  the  attention  of  tbe  Secretary  of  State  to  the  last- 
mentioned  subject  only,  both  because  the  whole  inquiry  was  so  vast,  and 
because  systematic  efforts  are  now  being  made  by  the  Indian  Government  to 
obtain  photographs  and  histories  of  the  native  Indian  tribes.  Their  efforts 
are,  as  regards  the  photographs  obtained  in  India,  eminently  successful,  which 
renders  it  all  the  more  disappointing  that  the  descriptive  matter  appended  to 
them  in  this  country,  and  which  is  happily  anonymous,  is  most  discreditable 
to  tho  authority  under  which  it  is  issued*. 

It  will,  no  doubt,  surprise  many  here  to  be  told  that  there  exists  within 
300  miles  of  the  British  capital  of  India,  a  tribe  of  semi-savages  who 
habitually  erect  dolmens,  menhirs,  cysts,  and  cromlechs,  almost  as  gigantic 
in  their  proportions  as  the  so-called  Druidical  remains  of  Western  Europe, 
which  they  greatly  resemble  in  appearance  and  construction ;  and  what  is 
still  more  curious,  though  described  and  figured  nearly  a  quarter  of  a  century 
ago  by  Col.  Yule,  the  eminent  oriental  geographer,  except  by  Sir  John  Lub- 
bock these  erections  are  scarcely  alluded  to  in  the  modern  literature  of 
prehistoric  monuments.  In  the  Bengal  Asiatic  Journal  for  1844,  you  will 
find  Col.  Yule's  description  of  the  Khasia  people  of  East  Bengal ;  an  Indo- 
Chinese  race,  who  keep  cattle  but  drink  no  milk,  estimate  distances  traversed 
by  the  mouthfuls  of  pawn  chewed  en  route,  and  amongst  whom  the  marriago 
tie  is  so  loose  that  the  son  commonly  forgets  his  father,  while  the  sister's  son 
inherits  property  and  rank.  Dr.  Thomson  and  I  dwelt  for  some  months 
amongst  the  Khasia  people,  now  eighteen  years  ago,  and  found  Col.  Yule's 
account  to  be  correct  in  all  particulars.  The  undulatory  eminences  of  tho 
country,  some  4-6000  feet  above  the  level  of  the  sea,  are  dotted  with  groups 
of  huge  unpolished  square  pillars,  and  tabular  slabs  supported  on  three  or  four 
rude  piers. 

In  one  spot,  buried  in  a  sacred  grove,  we  found  a  nearly  complete  circle 
of  menhirs,  the  tallest  of  which  was  thirty  feet  out  of  the  ground,  six  feet 
broad,  and  two  feet  eight  inches  thick ;  and  in  front  of  each  was  a  dolmen  or 
cromlech  of  proportionately  gigantic  pieces  of  rock. 

The  largest  slab  hitherto  measured  is  thirty-two  feet  high,  fifteen  feet 
broad,  and  two  feet  thick.  Several  that  we  saw  had  been  very  recently 
erected,  and  we  were  informed  that  every  year  some  are  put  up,  but  not  during 
the  rainy  season,  which  we  spent  in  the  country.  The  method  of  separating 
the  blocks  is  by  cutting  grooves,  along  which  fires  are  lighted,  and  into  which, 
when  heated,  cold  water  is  run,  which  causes  the  rock  to  split  along  the 
groove ;  the  lever  and  rope  are  the  only  mechanical  aids  used  in  transporting 
and  erecting  the  blocks.  The  objects  of  their  erection  are  various — sepulture, 
marking  spots  where  public  events  had  occurred,  &c.  It  is  a  curious  fact 
that  the  Khasian  word  for  a  stone, "  Mau,"  as  commonly  occurs  in  the  names 
of  their  villages  and  places,  as  that  of  Man,  Maen,  and  Men,  does  in  those  of 

*  I  am  informed  that  measures  have  been  taken  to  repair  this,  and  that  Col.  Meadows 
Taylor,  than  whom  a  more  competent  man  could  not  be  found,  has  been  appointed  to 
undertake  the  literary  and  scientific  portions  in  future. 
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Brittany,  Wales,  Cornwall,  &c. ;  thus  Mausmai  signifies  in  Khasia  the  Stone 
of  Oath  ;  Mamloo,  the  Stone  of  Salt ;  Mauflong,  the  Grassy  Stone,  just  as  in 
Wales,  Penmaenmawr  signifies  the  Hill  of  the  Big  Stone ;  and  in  Brittany  a 
Menhir  is  a  Standing  Stone,  and  a  Dolmen  a  Table  Stone,  &c. 

At  the  date  of  Col.  Yule's,  as  of  my  visit  to  these  people,  our  intercourse 
with  them  was  limited,  and  not  always  friendly ;  we  were  ignorant  of  their 
language,  and  they  themselves  were  far  from  communicative.  Of  late,  how- 
ever, the  country  has  been  more  opened  up,  and  the  establishment  of  a  Bri- 
tish cantonment  amongst  them  renders  it  all  the  more  important  that  the 
inquiry  into  their  origin,  language,  beliefs,  customs,  <fcc.  should  be  followed 
up  without  delay.  This  will  now  be  done,  thanks  to  your  representations ; 
and  I  cannot  doubt  that  it  will  throw  great  light  upon  that  obscure  and 
important  branch  of  Prehistoric  Archaeology,  the  Megalithic  monuments  of 
Western  Europe. 

The  Council  of  the  Association,  upon  the  recommendation  of  the  Biological 
Section,  appointed  a  committee  to  report  upon  the  subject  of  the  Government 
of  the  Natural-History  Collections  of  the  British  Museum ;  which  resulted  in 
a  deputation  which  represented  to  the  Prime  Minister  in  the  name  of  the 
Council,  that  it  was  desirable  that  these  collections  should  be  placed  under 
the  control  of  a  single  officer,  who  should  be  directly  responsible  to  a  Minister 
of  the  Crown ;  and  that  this  opinion  was  shared  by  an  overwhelming  majo- 
rity of  British  naturalists.  The  reasons  stated  were,  that  there  appeared  no 
reason  why  the  National  Collections  of  Natural  History  should  be  administered 
in  a  way  different  from  that  which  was  found  applicable  to  the  Koyal  Gar- 
dens and  Botanical  Collections  at  Kew,  the  Museum  of  Practical  Geology,  and 
the  Royal  Observatory  at  Greenwich*,  and  that  the  interposition  of  any  Board 
or  Committee  between  the  Superintendent  of  the  Collections  and  the  Govern- 
ment must  interfere  with  the  responsibility  of  the  Superintendent  and  the 
efficient  control  of  the  Minister. 

It  was  not  the  first  time  that  this  subject  had  been  brought  before  Her 
Majesty's  Government ;  since  ten  years  previously  a  few  Naturalists,  consisting 
of  Messrs.  Bentham,  Busk,  Darwin,  Huxley,  Dr.  Carpenter,  and  myself, 
together  with  the  late  Professors  Iindley,  Henslow,  Harvey,  and  Henfrey, 
had  presented  a  memorial  to  Mr.  Disraeli,  then  Chancellor  of  the  Exchequer, 
embodying  precisely  the  same  views  as  to  the  government  of  the  Natural- 
History  Department  of  the  British  Museum,  together  with  a  scheme  for  the 
administration  of  the  whole  Metropolitan  Natural-History  Collections,  Geolo- 
gical and  Botanical ;  and  I  have  only  to  add,  regarding  this  document,  that 
the  surviving  memorialists  have  not  during  the  ten  intervening  years,  found 
reason  to  alter  the  views  therein  expressed  on  any  vital  point. 

Of  the  objections  to  the  present  system  of  government  by  Trustees,  some  of 
the  most  grave  have  been  stated  by  Mr.  Andrew  Murray  in  a  communication  t 

*  Since  writing  the  above,  I  have  been  reminded  of  the  constitution  of  the  Board  of 
Visitors  to  the  Royal  Observatory  by  the  Astronomer  Royal,  who  has  favoured  me  with 
copies  of  the  Regulations  of  the  Royal  Observatory  (1852),  and  of  his  Report  (for  1868) 
to  the  Board  of  Visitors. 

From  a  perusal  of  this  document,  I  find  that  the  Board  of  Visitors  is  authorized  to 
direct  the  Astronomer  Royal  to  make  such  observations  as  the  Board  shall  think  proper ; 
to  inspect  the  instruments,  and  to  communicate  with  the  Lords  of  the  Admiralty  upon  the 
arrangements  for  keeping  them  in  order ;  to  make  any  suggestions  to  the  Lords  of  the 
Admiralty  touching  the  Observatory,  and  to  require  of  the  Astronomer  Royal  every  three 
months,  a  copy  of  the  observations  made,  with  a  view  to  printing  them.  I  also  gather 
that,  for  the  efficient  administration  of  all  the  duties  of  the  Observatory,  the  Astronomer 
Royal  is  solely  responsible  to  the  Lords  of  the  Admiralty. 

f  Report  for  1867.    Transactions  of  Sections,  p.  95. 
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made  to  the  Biological  Section  at  Dundee;  to  which  I  would  only  add, 
that  though  the  Zoological  Collections  are  the  finest  in  the  world,  and 
the  Geological  and  Paleeontological  of  prodigious  extent  and  value,  there  are 
of  the  forty-five  Trustees,  only  three  who  have  any  special  knowledge  what- 
soever of  the  branches  of  science  these  collections  illustrate ;  that  since  Sir 
Joseph  Banks's  death,  nearly  half  a  century  ago,  no  Botanist  has  ever  been 
appointed  a  Trustee,  though  the  Banksian  Herbarium  and  Botanical  Library, 
then  amongst  the  most  valuable  in  Europe,  were  left  by  their  owner  to  the 
nation ;  and,  in  fine,  that  the  interests  of  Botany  have  by  the  Trustees  been 
greatly  neglected. 

Much  as  has  been  written  upon  the  uses  of  museums,  I  believe  that  the 
subject  is  still  far  from  being  exhausted,  for  in  the  present  state  of  education 
in  this  country,  these  appear  to  me  to  afford  the  only  means  of  efficiently 
teaching  to  schools  the  elements  of  Zoology  and  Physiology.  I  say  in  the 
present  state  of  education,  because  I  believe  it  will  be  many  years  before 
we  have  schoolmasters  and  mistresses  trained  to  teach  these  subjects,  and 
many  more  years  before  either  provincial  or  private  schools  will  be  sup- 
plied with  such  illustrative  specimens  as  are  essential  for  the  teacher's 
purposes. 

Confining  myself  to  the  consideration  of  provincial  and  local  museums,  and 
their  requirements  for  educational  purposes,  each  should  contain  a  connected 
series  of  specimens  illustrating  the  principal  and  some  of  the  lesser  divisions 
of  the  Animal  and  Vegetable  Kingdoms,  so  disposed  in  well-lighted  cases, 
that  an  inquiring  observer  might  learn  therefrom  the  principles  upon  which 
animals  and  plants  are  classified,  the  relations  of  their  organs  to  one  another 
and  to  those  of  their  allies,  the  functions  of  those  organs,  and  other  matters 
relating  to  their  habits,  uses,  and  place  in  the  economy  of  nature.  Such  an 
arrangement  has  not  been  carried  out  in  any  museum  known  to  me,  though 
partially  attained  in  that  at  Ipswich ;  it  requires  some  space,  many  pictorial 
illustrations,  magnified  views  of  the  smaller  organs  and  their  structure,  and 
copious  legible  descriptive  labels,  and  it  should  not  contain  a  single  specimen 
more  than  is  wanted.  The  other  requirements  of  a  provincial  museum 
are,  complete  collections  of  the  plants  and  animals  of  the  province,  which 
should  be  kept  entirely  apart  from  the  instructional  series,  and  from  every- 
thing else. 

The  Curator  of  the  Museum  should  be  able  to  give  elementary  demonstra- 
tions (not  lectures,  and  quite  apart  from  any  powers  of  lecturing  that  he  may 
possess)  upon  this  classified  series,  to  schools  and  others,  for  which  a  fee 
should  be  charged,  which  should  go  to  the  support  of  the  Institution.  And 
the  museum  might  be  available  (under  similar  conditions  of  payment)  for 
lectures  and  other  demonstrations. 

Did  such  an  illustrated  typical  collection  exist  in  your  rich  and  well- 
arranged  Norwich  Museum,  I  am  sure  that  there  is  not  an  intelligent  school- 
master in  the  city  who  would  not  see  that  his  school  profited  by  the  demon- 
strator's offices,  nor  a  parent  who  would  grudge  the  trifling  fee. 

You  boast  of  a  superb  collection  of  Birds  of  Prey ;  how  much  would  the 
value  of  this  be  enhanced,  were  it  accompanied  by  such  an  illustration  of  the 
nature,  habits,  and  affinities  of  the  Kaptores,  as  might  well  be  obtained  by 
an  exhibition  of  the  skeleton  and  dissected  organs  of  one  Hawk  and  one  Owl, 
so  laid  out  and  ticketed  that  a  schoolboy  should  see  the  structure  of  their 
beak,  feet,  wings,  feathers,  bones,  and  internal  organs — should  see  why  it  is 
that  Hawks  and  Owls  are  preeminent  amongst  birds  for  powers  of  sight  and 
of  flight ;  for  circling  and  for  swooping ;  for  rapacity,  voracity,  and  tenacity 
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of  life, — should  see,  in  short,  the  affinities  and  special  attributes  of  Birds  of 
Prey* 

A  series  of  illustrated  typical  specimens,  occupying  some  500  to  800  feet  of 
wall  space,  would  give  at  a  glance  a  connected  and  intelligible  elementary 
view  of  the  classification  and  structure  of  the  whole  animal  kingdom ;  it  would 
stand  in  the  same  relation  to  a  complete  Museum  and  Systema  Natur©  as  a 
chart  on  which  the  principal  cities  and  coast-lines  are  clearly  laid  down  does 
to  a  map  crowded  with  undistinguishable  details. 

Excellent  manuals  of  many  branches  of  Zoology  are  now  published  which 
are  invaluable  to  the  advanced  student  and  demonstrator,  but  from  which 
the  schoolboy  recoils,  who  nevertheless  would  not  refuse  to  accept  objects  and 
pictures  as  memory's  pegs,  on  which  to  hang  ideas,  facts,  and  hard  names. 
To  schoolboys  skeletons  have  often  a  strange  fascination,  and  upon  the  struc- 
ture of  these  the  classification  of  the  vertebrata  much  depends.  What  boy, 
who  had  ever  been  shown  their  skulls,  would  call  a  Seal  or  Porpoise  a  fish, 
or  believe  that  a  hedgehog  could  milk  cows !  as  I  am  told  many  boys  in 
Norfolk  and  Suffolk  (as  elsewhere)  do  implicitly  believe. 

Much  of  the  utility  of  Museums  depends  on  two  conditions  often  strangely 
overlooked,  viz.  their  situation,  and  their  lighting  and  interior  arrangements. 
The  provincial  Museum  is  too  often  huddled  away,  almost  out  of  sight,  in  a 
dark,  crowded,  and  dirty  thoroughfare,  where  it  pays  dear  for  ground-rent, 
rates  and  taxes,  and  cannot  be  extended ;  the  object,  apparently,  being  to 
catch  country  people  on  market  days.  Such  localities  are  frequented  by 
the  town's  people  only  when  on  business,  and  when  they  consequently 
have  no  time  for  sight-seeing.  In  the  evening,  or  on  holidays,  when  they 
could  visit  the  Museum,  they  naturally  prefer  the  outskirts  of  the  town  to 
its  centre. 

Hence,  too,  the  country  gentry  scarcely  know  of  the  existence  of  the 
Museum;  and  I  never  remember  to  have  heard  of  a  provincial  Museum  that 
was  frequented  by  schools.  I  do  not  believe  that  this  arises  from  indifference 
to  knowledge  on  the  part  of  the  upper  classes  or  of  teachers,  but  to  the  gene- 
rally uninstructive  nature  of  the  contents  of  these  Museums,  and  their  unin- 
viting exterior  and  interior.  There  are  plenty  of  visitors  of  all  classes  to  the 
Museums  at  Kew,  despite  the  counter  attractions  of  the  gardens  ;  and  I  know 
no  more  pleasing  sight  than  these  present  on  Sunday  and  Monday  after- 
noons, when  crowded  by  intelligent  visitors,  directing  their  children's  atten- 
tion to  the  ticketed  objects  in  the  cases. 

The  Museum  should  be  in  an  open  grassed  square  or  park,  planted  with 
trees,  in  the  town,  or  its  outskirts ;  a  main  object  being  to  secure  cleanliness, 
a  cheerful  aspect,  and  space  for  extension.  Now  vegetation  is  the  best  inter- 
ceptor of  dust,  which  is  injurious  to  the  specimens  as  well  as  unsightly,  whilst 
a  cheerful  aspect  and  grass  and  trees  will  attract  visitors,  and  especially 
families  and  schools. 

If  the  external  accessories  of  provincial  Museums  are  bad,  the  internal 
arrangements  are  often  worse ;  the  rooms  are  usually  lighted  by  windows  on 
one  side  only,  so  that  the  cases  between  the  windows  are  dark,  and  those  op- 
posite the  windows  reflect  the  light  when  viewed  obliquely,  whilst  the  visitor 
standing  in  front  is  in  his  own  light.  For  provincial  Museums,  where  space 
is  an  object,  there  is  no  better  plan  than  rectangular  long  rooms,  with  opposite 
windows  on  each  side,  and  buttress  cases  projecting  into  the  room  between 

*  This,  whieh  refers  to  the  teaching  of  Natural  History,  is  an  operation  altogether  apart 
from  training  the  mind  to  habits  of  exact  obserration ;  which,  as  is  now  fully  admitted,  is 
best  attained  in  schools  by  Professor  Henslow's  method  of  teaching  Botany. 
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each  pair  of  windows.    This  arrangement  combines  economy  of  space  with 
perfect  illumination,  and  affords  facilities  for  classification*. 

In  respect  of  its  Natural -History  Collections,  the  position  of  the  British 
Museum  appears  to  me  disadvantageous ;  it  is  surrounded  by  miles  of  streets, 
including  some  of  the  principal  Metropolitan  thoroughfares,  which  pour 
clouds  of  dust,  and  the  products  of  coal-combustion  into  its  area  day  and 
night ;  and  I  know  few  more  disappointing  sights,  to  me,  than  its  badly 
lighted  interior  presents  on  a  hot  and  crowded  public  holiday,  when  whole 
families  from  London  and  its  outskirts  flock  to  the  building.  Then  young  and 
old  may  be  seen  gasping  for  fresh  air  in  its  galleries,  with  no  alternative  but 
the  hotter  and  dustier  streets  to  resort  to.  How  different  it  would  bo  were 
these  Collections  removed  to  the  townward  end  of  one  of  the  great  parks ! 
where  spacious  and  well-lighted  galleries  could  be  built,  amongst  trees,  grass, 
and  fountains ;  and  where  whole  families  need  not  be  cooped  up  for  the  day 
in  the  building,  but  avail  themselves  of  the  fresh  air  and  its  accessories  at  the 
same  time  as  they  profit  by  the  Museum. 

Norwich,  I  hear  with  surprise,  has  no  Public  Park  worthy  of  the  name. 
That  she  may  soon  have  one  should  be  the  endeavour  of  every  citizen,  and  to 
have  a  good  instructional  series  added  to  your  admirable  Museum,  and  this 
transferred  to  the  Park,  should  be  the  aspiration  of  all  who  are  interested  in 
the  education  and  moral  well-being  of  their  townsmen. 

My  remarks  on  the  British  Museum  convey  no  reflection  on  the  able  officers 
who  have,  in  so  short  a  time,  formed  this  wonderful  Collection.  Lawrence,  in 
his  Lectures  delivered  in  1818,  congratulates  his  audience  on  the  formation 
of  a  Zoological  Collection  having  just  been  determined  upon ;  in  1838,  when 
I  first  knew  the  Museum,  in  Old  Montague  House,  I  was  told  it  ranked  about 
the  sixth  in  Europe — now,  and  for  some  years  past,  it  has  been  considered  to 
be  the  finest  in  the  world.  This  is  due  to  the  energy  and  ability  of  the 
Keepers  and  Curators ;  and  in  mentioning  them,  I  would  wish  to  pay  a  passing 
tribute  to  the  merits  of  the  venerable  Dr.  Gray,  who  has  devoted  his  life  to 
the  development  of  the  Zoological  Department,  with  a  singleness  of  purpose, 
liberality,  and  zeal  that  are  beyond  all  praise. 

At  the  time  when  Old  Montague  House  contained  the  National  Collections, 
there  was  but  one  Museum  in  the  Metropolis  in  which  the  Naturalist  could 
study  to  much  purpose ;  this  was  the  Hunterian  (belonging  to  the  Royal 
College  of  Surgeons),  then  under  the  superintendence  of  the  late  Mr.  Clift 
and  of  Professor  Owen,  the  friend  of  my  early  youth,  when  preparing  myself 
to  accompany  the  Antarctic  Expedition,  and  who  instructed  me  in  the  use  of 
that  now  unrivalled  series  of  Catalogues,  that  owes  so  much  to  himself. 
From  the  Museum  of  the  Royal  College  of  Surgeons,  the  national  and  pro- 
vincial Museums  of  England  have  much  to  learn  and  to  copy ;  and,  thanks 
to  the  wisdom  and  munificence  of  the  Council  of  the  College,  and  to  the  zeal 

*  Upon  this  plan  the  large  Museum  in  Kew  is  built,  where  the  three  principal  rooms 
are  70  ft.  long  by  45  ft  wide,  and  each  accommodates  1000  square  feet  of  admirably  lighted 
cases,  600  or  700  feet  of  wall-room  for  pictures  and  for  portraits  of  naturalists,  besides 
two  fireplaces,  four  entrances,  and  a  well-staircase,  11  feet  square.  A  circular  building, 
with  cases  radiating  from  the  wall  between  the  windows,  would  probably  be  the  best  ar- 
rangement of  all.  A  light  spiral  staircase  in  the  centre  would  lead  to  the  upper  stories. 
Two  or  more  of  the  bays  might  be  converted  into  private  rooms,  without  disturbing  the 
symmetry  of  the  interior  or  intercepting  the  lighting  of  the  cases.  The  proportions  of  the 
basement  and  first  floor  might  be  such  as  to  admit  of  additional  stories  being  added,  and 
the  roof  might  be  so  constructed  as  to  bo  removable  without  difficulty,  when  an  additional 
story  was  required ;  furthermore,  rectangular  galleries  might  be  built,  radiating  from  the 
central  building,  and  lighted  by  opposite  windows,  with  buttress  cases  between  each  pair 
of  windows. 
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and  ability  of  the  present  Conservator,  Mr.  Flower,  it  retains  the  position  it 
attained  thirty  years  ago,  of  being  the  best  and  richest  institution  of  the  kind 
in  Europe. 

In  my  own  special  science,  the  greatest  advances  that  have  been  made 
daring  the  last  ten  years  have  been  in  the  departments  of  Fossil  Botany  and 
Vegetable  Physiology. 

In  the  past  history  of  the  globe  two  epochs  stand  prominently  forward 
(the  Carboniferous  and  the  Miocene)  for  the  abundant  materials  they  afford, 
and  the  light  they  consequently  throw  on  the  early  conditions  of  the  vege- 
table kingdom.  Why  plants  should  have  been  so  much  more  abundantly 
preserved  during  these  than  during  some  of  the  intervening  or  earlier  epochs, 
we  do  not  rightly  know;  but  the  comparative  poverty  of  the  floras  of  these 
latter  is  amongst  the  strongest  evidences  of  the  imperfection  of  the  geological 
record. 

Our  knowledge  of  coal  plants,  which,  since  the  days  of  Sternberg,  Brong- 
niart,  and  Lindley  and  Hutton,  has  been  chiefly  advanced  by  Gceppert  and 
linger  on  the  Continent,  and  by  Dawson  in  Canada,  has  of  late  received 
very  important  accessions  through  the  untiring  energy  of  Mr.  Binney,  of 
Manchester,  who  has  devoted  nearly  thirty  years  to  the  search  for  those 
rarely  found  specimens  which  exhibit  the  internal  structure  of  the  plant. 
His  elaborate  descriptions  of  the  most  abundant,  and,  before  his  researches, 
the  least  understood  plant  of  the  coal-measures,  Catamites,  have  just  appeared 
in  the  memoirs  of  the  Palaeontographical  Society ;  and  some  of  Mr.  Binney's 
materials  having  also  formed  the  subject  of  a  very  recent  and  valuable  paper 
by  Mr.  Carruthers,  of  the  British  Museum,  I  may  quote  their  joint  results  as 
one.  These  show  that  Catamites  is  an  actual  member  of  the  existing  family 
of  Equisetaceae,  which  contained  previously  but  one  genus,  that  of  the  com- 
mon mare's  tails  of  our  river-banks  and  woods ;  as  also,  that  nearly  a  dozen 
other  genera  of  coal-measure  plants  may  be  referred  to  it.  This  affinity  of 
Catamites  had,  indeed,  been  guessed  at  before,  but  the  genera  now  referred 
to  it,  having  been  founded  on  mere  fragments,  were  always  doubtful ;  but 
the  value  of  these  positive  identifications  is  none  the  less  on  this  account. 
It  may  hereafter  prove  of  some  significance,  that  these  Catamites,  which,  in 
the  coal  epoch,  assumed  gigantic  proportions,  and  presented  multitudinous 
forms  and  very  varied  organs  of  growth,  are  now  represented  by  but  one 
genus,  differing  most  remarkably  from  its  prototype  in  size,  and  in  the  sim- 
plicity and  uniformity  of  its  vegetable  organs. 

Passing  to  the  Tertiary  Mora,  the  labours  of  Count  Saporta  in  France,  of 
Gaudin  and  Strozzi,  and  of  Massolonghi  in  Italy,  of  Lesquereux  in  America, 
and  above  all,  of  Heer  in  Switzerland,  have  within  the  last  ten  years  accu- 
mulated a  vast  number  of  species  of  fossil  plants ;  and  if  the  determinations 
of  the  affinities  of  the  majority  are  to  be  depended  on,  they  prove  the  per- 
sistence, throughout  the  Tertiary  strata,  of  many  existing  families  and  genera, 
and  the  rarity  of  others  than  these.  Here,  however,  much  value  cannot  be 
attached  to  negative  evidence.  Almost  the  only  available  materials  for  de- 
termining the  affinities  of  the  vast  majority  of  these  Tertiary  plants  are  their 
mutilated  leaves,  and,  unlike  the  bones  of  vertebrate  animals  and  the  shells 
of  Mollusks,  the  leaves  of  individual  plants  are  extremely  variable  in  all  their 
characters.  Furthermore,  the  leaves  of  plants  of  different  natural  families, 
and  of  different  countries,  mimic  one  another  to  such  a  degree  that,  in  the 
case  of  recent  plants,  every  botanist  regards  these  organs  as  most  treacherous 
guides  to  affinity.  Of  the  structural  characters,  which  are  drawn  from  the 
internal  organs  of  plants,  and  especially  from  their  fruits,  seeds,  and  flowers, 
1868.  « 
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few  traces  are  to  be  found  in  fossils ;  and  it  is  from  these  exclusively  that 
the  position  of  a  recent  plant  in  the  vegetable  kingdom  can  be  certified.  An 
instructive  instance  of  over-reliance  on  leaves,  and  perhaps  too  on  precon- 
ceived ideas,  happened  not  long  ago  to  a  Palaeontologist  of  such  distinguished 
merit  that  his  reputation  cannot  suffer  from  an  allusion  to  it.  In  the  course 
of  his  labours  upon  some  imperfect  specimens  from  a  most  interesting  locality, 
he  referred  three  associated  impressions  of  fossil  leaves  to  three  genera, 
belonging  to  as  many  different  families  of  plants ;  and  was  thus  helped  to 
what  would  have  been  some  important  conclusions  as  to  the  vegetation  of  the 
period  in  which  they  were  deposited.  A  subsequent  observer,  who  is  a 
botanist  but  not  a  palaeontologist,  declares  the  leaves  thus  referred  to  three 
genera  to  be  the  three  leaflets  of  the  leaf  of  one  plant,  and  this  the  common 
blackberry,  which  still  grows  on  the  spot.  Which  of  the  two  is  right,  I  do 
not  say ;  the  fact  shows  to  what  opposite  conclusions  different  observers  of 
the  same  fossil  materials  may  be  led. 

In  this  most  unreliable  of  sciences — Fossil  Botany — we  do  but  grope  in  the 
dark ;  of  the  thousands  of  objects  we  stumble  against,  we  here  and  there 
recognize  a  likeness  to  what  we  have  elsewhere  known,  and  rely  on  external 
similitude  for  a  helping  hand  to  its  affinities ;  of  the  great  majority  of  speci- 
mens we  know  nothing  for  certain,  and  of  no  small  proportion  we  are  utterly 
ignorant.  If,  however,  much  is  uncertain,  all  is  not  so,  and  the  science  has 
of  late  made  sure  and  steady  progress,  and  developed  really  grand  results. 
Heer's  labours  on  the  Miocene  and  Pliocene  floras  especially,  are  of  the 
highest  value  and  interest;  his  conclusions  regarding  the  flora  of  the  Bovey 
Tracey  Coal-beds  (for  the  publication  of  which,  in  a  form  worthy  of  their 
value  and  of  their  author's  merit,  we  are  indebted  to  the  wise  liberality  of 
Hiss  Burdett  Coutts)  are  founded  on  a  sufficient  number  of  absolute  deter- 
minations; and  his  more  recent  '.Flora  Fossilis  Arctica'  threatens  to  create  a 
revolution  in  Tertiary  Geology.  In  this  latter  work  Professor  Heer  ahows, 
on  apparently  unassailable  evidence,  that  forests  of  Austrian,  American,  and 
Asiatic  trees  flourished  during  the  Miocene  period  in  Iceland,  Arctic  Greenland, 
Spitzbergen,  and  the  Polar  American  Islands,  in  latitudes  where  such  trees 
could  not  now  exist  under  any  conceivable  conditions  or  positions  of  land, 
sea,  or  ice;  leaving  little  doubt  that  an  arboreous  vegetation  once  ex- 
tended to  the  Pole  itself.  Discoveries  such  as  these  appear  at  first  actually 
to  retard  the  progress  of  science,  by  confounding  all  previous  geological 
reasoning  as  to  the  climate  and  condition  of  the  globe  during  the  Tertiary  epoch. 

I  have  said  that  the  greatest  botanical  discoveries  made  during  the  last  ten 
years  have  been  physiological ;  and  I  here  alluded  especially  to  the  series  of 
papers  on  the  Fertilization  of  Plants  which  we  owe  to  Mr.  Darwin.  You 
are  aware  that  this  distinguished  naturalist,  after  accumulating  stores  of 
facts  in  geology  and  zoology  during  his  circumnavigation  of  the  globe  with 
Captain  Fitzroy,  espoused  the  doctrine  of  the  continuous  evolution  of  life, 
and  by  applying  to  it  the  principles  of  Natural  Selection,  evolved  his  theory 
of  the  Origin  of  Species.  Instead  of  publishing  these  views  as  soon  as  con- 
ceived, he  devoted  twenty  more  years  to  further  observation,  study,  and  ex- 
periment, with  the  view  of  maturing  or  subverting  them.  Amongst  the 
subjects  requiring  elucidation  or  verification,  were  many  that  appertained  to 
Botany,  but  which  had  been  overlooked  or  misunderstood  by  botanical 
writers ;  and  these  he  set  himself  to  examine  rigorously. 

The  first  fruit  of  his  labours  was  his  volume  on  the  'Fertilization  of 
Orchids/  undertaken  to  show  that  the  same  plant  is  never  continuously 
fertilized  by  its  own  pollen,  and  that  there  are  special  provisions  to  favour 
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the  crossing  of  individuals.  As  his  study  of  the  British  species  advanced,  he 
became  so  interested  in  the  number,  variety,  and  complexity  of  the  con- 
trivances he  met  with,  that  he  extended  his  survey  to  the  whole  family ; 
and  the  result  is  a  work,  of  which  it  is  not  too  much  to  say  that  it  has 
thrown  more  light  upon  the  structure  and  functions  of  the  floral  organs  of 
this  immense  and  anomalous  family  of  plants,  than  had  been  shed  by  the 
labours  of  all  previous  botanical  writers.  It  has  further  opened  up  entirely 
new  fields  of  research,  and  discovered  new  and  important  principles  that 
apply  to  the  whole  vegetable  kingdom. 

This  was  followed  by  his  paper  on  the  well-known  forms  of  the  Primrose 
and  Cowslip*,  popularly  known  as  the  pin-eyed  and  thrum-eyed:  these 
forms  he  showed  to  be  sexual  and  complementary,  their  diverse  functions 
being  to  secure,  by  their  mutual  action,  full  fertilization,  which  he  proved 
could  only  take  place  through  insect  agency.  In  this  paper  he  established 
the  existence  of  homomorphic  or  legitimate,  and  heteromorphic  or  illegitimate 
unions  amongst  plants,  and  detailed  some  curious  observations  on  the  struc- 
ture of  the  pollen.  The  results  of  this,  perhaps  more  than  any  other  of 
Mr.  Darwin's  papers,  took  botanists  by  surprise,  the  plants  being  so  familiar, 
their  two  forms  of  flower  so  well  known  to  every  intelligent  observer,  and  his 
explanation  eo  simple.  For  my  own  part  I  felt  that  my  botanical  knowledge 
of  these  homely  plants  had  been  but  little  deeper  than  Peter  Bell's,  to  whom 

A  primrose  by  the  river's  brim 
A  yellow  primrose  was  to  him, 
And  it  was  nothing  more. 

Analogous  observations  on  the  dimorphism  of  flax  and  its  allies  f  formed  a 
subsequent  paper;  during  the  course  of  which  observations  he  made  the 
wonderful  discovery  that,  in  the  common  flax,  the  pollen  of  one  form  of 
flower  is  absolutely  impotent  when  applied  to  its  own  stigma,  but  invariably 
potent  when  applied  to  the  stigma  of  the  other  form  of  flower;  yet  the 
pollens  and  stigmas  of  the  two  kinds  are  utterly  undistinguishable  under  the 
highest  powers  of  the  microscope. 

His  third  investigation  was  a  very  long  and  laborious  one  on  the  Common 
LoosestrifeJ  (Lyihrum  salicaria),  which  he  showed  to  be  trimorphic ;  this  one 
species  having  three  kinds  of  flowers,  all  annually  abundantly  produced,  and 
as  different  as  if  they  belonged  to  different  species ;  each  flower  has,  further, 
three  kinds  of  stamens,  differing  in  form  and  function.  "We  have  in  this 
plant,  then,  six  kinds  of  pollen,  of  which  five  at  least  are  essential  to  com- 
plete fertility,  and  three  distinct  forms  of  style.  To  prove  these  various 
differences,  and  that  the  co-adaptation  of  all  these  stamens  and  pistils  was 
essential  to  complete  fertility,  Mr.  Darwin  had  to  institute  eighteen  sets  of 
observations,  each  consisting  of  twelve  experiments,  216  in  alL  Of  the 
labour,  care,  and  delicacy  required  to  guard  such  experiments  against  the 
possibility  of  error,  those  alone  can  tell  who  experimentally  know  how 
difficult  it  is  to  hybridize  a  large-flowered  plant  of  simple  form  and  structure. 
The  results  in  this  case,  and  in  those  of  a  number  of  allied  plants  experi- 
mented on  at  the  same  time,  are  such  as  the  author's  sagacity  had  predicted ; 
the  rationale  of  the  whole  was  demonstrated,  and  he  finally  showed,  not  only 
how  nature  might  operate  in  bringing  these  complicated  modifications  into 
harmonious  operation,  but  how  through  insect  agency  she  does  do  this,  and 
also  why  she  does  it. 

*  Journal  of  the  Linnean  Society  of  London,  vol.  vi.  p  77. 
t  Ibid,  vol  vii.  p.  6U  J  Ibid,  vol  viii.  p.  109. 
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It  is  impossible  even  to  enumerate  hero  the  many  important  generaliza- 
tions that  have  followed  from  these  and  other  papers  of  Mr.  Darwin  on  the 
fertilization  of  plants ;  some  that  appear  to  be  commonplace  at  first  sight  are 
really  the  most  subtle,  and  like  many  other  apparent  commonplaces,  are 
what,  somehow,  never  occur  to  commonplace  minds :  as,  for  instance,  that 
all  plants  with  conspicuously  coloured  flowers  or  powerful  odours  or  honeyed 
secretions  are  fertilized  by  insects;  all  with  inconspicuous  flowers,  and 
especially  such  as  have  pendulous  anthers  or  incoherent  pollen,  are  fertilized 
by  the  wind :  whence  he  infers  that,  before  honey-feeding  insects  existed, 
the  vegetation  of  our  globe  could  not  have  been  ornamented  with  bright- 
coloured  flowers,  but  consisted  of  such  plants  as  pines,  oaks,  grasses,  nettles,  &c. 

The  only  other  botanical  paper  of  Mr.  Darwin  to  which  I  can  especially 
allude,  is  that  "  On  the  Habits  and  Movements  of  Climbing  Plants"  *,  which 
is  a  most  elaborate  investigation  into  the  structure,  modification,  and  func- 
tions of  the  various  organs  by  which  plants  climb,  twine,  and  attach  them- 
selves to  foreign  objects.  In  this  he  reviews  every  family  in  the  vegetable 
kingdom,  and  every  organ  used  by  any  plant  for  the  above  purposes.  The 
result  places  the  whole  subject  in  a  totally  new  light.  The  guesses,  crude 
observations,  and  abortive  experiments  that  had  disfigured  the  writings  of 
previous  observers  are  swept  away;  organs,  structures,  and  functions,  of 
which  botanists  had  no  previous  knowledge,  are  revealed  to  them ;  and  the 
whole  investigation  is  made  as  clear  as  it  is  interesting  and  instructive. 

The  value  of  these  discoveries,  which  add  whole  chapters  to  the  principles 
of  botany,  is  not  theoretical  only :  already  the  horticulturist  and  agri- 
culturist have  begun  to  ponder  over  them,  and  to  recognize  in  the  failure 
of  certain  crops,  the  operation  of  laws  that  Mr.  Darwin  first  laid  down.  What 
Faraday's  discoveries  are  to  telegraphy,  Mr.  Darwin's  will  assuredly  prove 
to  rural  economy,  in  its  widest  sense  and  most  extended  application. 

Another  instance  of  successful  experiment  in  Physiological  Botany  is  Mr. 
Herbert  Spencer's  observations  on  the  circulation  of  the  sap  and  the  forma- 
tion of  wood  in  plants  t.  As  is  well  known,  the  tissues  of  herbs,  shrubs, 
and  trees,  from  the  tips  of  their  roots  to  those  of  their  petals  and  pistils,  are 
permeated  by  tubular  vessels.  The  functions  of  these  have  been  hotly  dis- 
puted, some  physiologists  affirming  that  they  convey  air,  others  fluids,  others 
gases,  and  still  others  assigning  to  them  far-fetched  uses,  of  a  wholly 
different  nature.  By  a  series  of  admirably  contrived  and  conducted  experi- 
ments, Mr.  Spencer  has  not  only  shown  that  these  vessels  are  charged  at 
certain  seasons  of  the  year  with  fluid,  but  that  they  are  intimately  connected 
with  the  formation  of  wood.  He  further  investigates  the  nature  of  the 
special  tissues  concerned  in  this  operation,  and  shows  not  merely  how  they 
may  act,  but  to  a  great  extent  how  they  do  act.  As  this  paper  will,  I 
believe,  be  especially  alluded  to  by  the  President  of  the  Biological  Section,  I 
need  dwell  no  further  on  it  here,  than  to  quote  it  as  an  example  of  what  may 
be  done  by  an  acute  observer  and  experimentalist,  versed  in  Physics  and 
Chemistry,  but  above  all,  thoroughly  instructed  in  scientific  methods. 

Mr.  Darwin's  recent  volumes  "  On  Animals  and  Plants  under  Domestica- 
tion," contain  a  harvest  of  data,  observations,  and  experiments,  such  as 
assuredly  no  one  but  himself  could  have  gathered.  It  is  hard  to  say  whether 
this  book  is  most  remarkable  for  the  number  and  value  of  the  new  facts  it 
discloses,  or  for  its  array  of  small  forgotten  or  overlooked  observations, 

*  Journal  of  the  Linnean  Society,  vol.  ix.  p.  1. 
t  Linnean  Transactions,  vol.  xxr.  p.  405. 
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neglected  by  some  naturalists,  and  discarded  by  others,  which,  under  his 
mind  and  eye,  prove  to  be  of  first-rate  scientific  importance.  An  eminent 
surgeon  and  physiologist  (Mr.  James  Paget)  remarked  to  me,  apropos  of  these 
volumes,  that  they  exemplify  in  a  most  remarkable  manner  that  power  of 
utilizing  the  waste  materials  of  other  men's  laboratories  which  is  a  very 
characteristic  feature  of  their  author.  As  one  of  those  ptices  jusUficatives  of 
his  previous  work, '  The  Origin  of  Species/  which  have  been  waited  for  so 
long  and  impatiently,  these  volumes  will  probably  have  more  than  their  due 
influence ;  for  the  serried  ranks  of  facts  in  support  of  his  theories  which  they 
present,  may  well  awe  many  a  timid  naturalist  into  swallowing  more  obnoxious 
doctrines  than  that  of  natural  selection. 

It  is  in  this  work  that  Mr.  Darwin  expounds  his  new  hypothesis  of  Pan- 
genesis, which  certainly  correlates,  and  may  prove  to  contain  the  rationale  of 
all  the  phenomena  of  reproduction  and  of  inheritance.  You  are  aware  that 
every  plant  or  animal  commences  its  more  or  less  independent  life  as  a  single 
cell,  from  which  is  developed  an  organism  more  or  less  closely  similar  to 
its  parent.  One  of  the  most  striking  examples  I  can  think  of  is  afforded  by 
a  species  of  Begonia,  the  stalks,  leaves,  and  other  parts  of  which  are  super- 
ficially studded  with  loosely  attached  cellular  bodies.  Any  one  of  those 
bodies,  if  placed  under  favourable  conditions,  will  produce  a  perfect  plant, 
similar  to  its  parent.  You  may  say  that  these  bodies  have  inherited  the 
potentiality  to  do  so ;  but  this  is  not  all,  for  every  plant  thus  produced,  in  like 
manner  developes  on  its  stalks  leaves  and  myriads  of  similar  bodies,  endowed 
with  the  same  property  of  becoming  new  plants,  and  so  on,  apparently 
interminably.  Therefore  the  original  cell  that  left  the  grand  parent,  not  only 
carried  with  it  this  so-called  potentiality,  but  multiplied  it  and  distributed 
it  with  undiminished  power  through  the  other  cells  of  the  plant  produced 
by  itself,  and  so  on,  for  countless  generations.  What  is  this  potentiality  ? 
and  how  is  this  power  to  reproduce  thus  propagated,  so  that  an  organism  can, 
by  single  cells,  multiply  itself  so  rapidly,  and  within  very  narrow  limits,  so 
surely  and  so  interminably  ?  Mr.  Darwin  suggests  an  explanation,  by  as- 
suming that  each  cell  or  fragment  of  a  plant  (or  animal)  contains  myriads 
of  atoms  or  gemmules,  each  of  which  gemmule  he  supposes  to  have  been 
thrown  off  from  the  separate  cells  of  the  mother-plant,  the  gemmules 
having  the  power  of  multiplication,  and  of  circulating  throughout  the  plant : 
their  fiiture  development  he  supposes  to  depend  on  their  affinity  for  other 
partially  developed  cells  in  due  order  of  succession.  Gemmules  which  do 
not  become  developed,  may,  according  to  his  hypothesis,  be  transmitted 
through  many  succeeding  generations,  thus  enabling  us  to  understand 
many  remarkable  cases  of  reversion  or  atavism.  Hence  the  normal  organs 
of  the  body  have  not  only  the  representative  elements  of  which  they  consist 
diffused  through  all  the  other  parts  of  the  body,  but  the  morbid  states  of 
these,  as  hereditary  diseases,  malformations,  &c,  all  actually  circulate  in  the 
body  as  morbid  gemmules. 

As  with  other  hypotheses  based  on  the  assumed  existence  of  structures  and 
elements  that  escape  our  senses,  by  reason  of  their  minuteness  or  subtlety, 
this  of  Pangenesis  will  approve  itself  to  some  minds  and  not  to  others.  To 
some  these  inconceivably  minute  circulating  gemmules  will  be  as  apparent 
to  the  mind's  eye  as  the  stars  of  which  the  Milky  Way  is  composed ;  others 
will  prefer  embodying  the  idea  in  such  a  term  as  potentiality,  a  term  which 
conveys  no  definite  impression  whatever,  and  they  will  like  it  none  the  less 
on  this  account. 

Whatever  be  the  scientific  value  of  these  gemmules,  there  is  no  question 
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but  that  to  Mr.  Darwin's  enunciation  of  the  doctrine  of  Pangenesis  we  owe  it 
that  we  have  the  clearest  and  most  systematic  risumS  of  the  many  wonderful 
phenomena  of  reproduction  and  inheritance  that  has  yet  appeared;  and 
against  the  guarded  entertainment  of  the  hypothesis,  or  speculation  if  you 
will,  as  a  means  of  correlating  these  phenomena,  nothing  can  be  urged  in  the 
present  state  of  science.  The  President  of  the  Linnean  Society,  a  proverbially 
cautious  naturalist,  thus  well  expresses  his  own  ideas  of  Pangenesis : — "  If," 
he  says,  "  we  take  into  consideration  how  familiar  mathematical  signs  and 
symbols  make  us  with  numbers  and  combinations,  the  actual  realization  of 
which  is  beyond  all  human  capacity,  how  inconceivably  minute  must  be 
those  emanations  which  most  powerfully  affect  our  sense  of  smell  and  our 
constitutions,  and  if,  discarding  all  preventions,  we  follow  Mr.  Darwin,  step 
by  step,  applying  his  suppositions  to  the  facts  set  before  us,  we  must,  I  think, 
admit  that  they  may  explain  some,  and  are  not  incompatible  with  others ;  and 
it  appears  to  me  that  Pangenesis  will  be  admitted  by  many  as  a  provisional 
hypothesis,  to  be  further  tested  and  to  be  discarded  only  when  a  more 
plausible  one  shall  be  brought  forward." 

Ten  years  have  elapsed  since  the  publication  of  *  The  Origin  of  Species  by 
Natural  Selection,'  and  it  is  therefore  not  too  early  now  to  ask  what 
progress  that  bold  theory  has  made  in  scientific  estimation.  The  most  widely 
circulated  of  all  the  journals  that  give  science  a  prominent  place  on  their  title- 
pages,  the  *  Athenaeum,'  has  very  recently  told  to  every  country  where  the 
English  language  is  read,  that  Mr.  Darwin's  theory  is  a  thing  of  the  past, 
that  Natural  Selection  is  rapidly  declining  in  scientific  favour,  and  that,  as 
regards  the  above  two  volumes  on  the  variations  of  animals  and  plants  under 
domestication,  they  "  contain  nothing  more  in  support  of  origin  by  selection, 
than  a  more  detailed  reasseveration  of  his  guesses  founded  on  the  so-called 
variations  of  pigeons." 

Let  us  examine  for  ourselves  into  the  truth  of  these  inconsiderate  state- 
ments. Since  the  '  Origin '  appeared  ten  years  ago,  it  has  passed  through 
four  English  editions,  two  American,  two  German,  two  French,  several 
Russian,  a  Dutch,  and  an  Italian ;  whilst  of  the  work  on  Variation,  which 
first  left  the  publisher's  house  not  seven  months  ago,  two  English,  a  German, 
Russian,  American,  and  Italian  editions  are  already  in  circulation.  So  far 
from  Natural  Selection  being  a  thing  of  the  past,  it  is  an  accepted  doctrine 
with  almost  every  philosophical  naturalist,  including,  it  will  always  be  under- 
stood, a  considerable  proportion  who  are  not  prepared  to  admit  that  it  ac- 
counts for  all  Mr.  Darwin  assigns  to  it. 

Reviews  on  '  The  Origin  of  Species '  are  still  pouring  in  from  the  con- 
tinent ;  and  Agassiz,  in  one  of  the  addresses  which  he  issued  to  his  collobora- 
teurs  on  their  late  voyage  to  the  Amazons,  directs  their  attention  to  this 
theory  as  a  primary  object  of  the  expedition  they  were  then  undertaking. 
I  need  only  add,  that  of  the  many  eminent  naturalists  who  have  accepted  it, 
not  one  has  been  known  to  abandon  it ;  that  it  gains  adherents  steadily ;  and 
that  it  is  par  excellence  an  avowed  favourite  with  the  rising  schools  of  natura- 
lists ;  perhaps,  indeed,  too  much  so,  for  the  young  are  apt  to  accept  Buch 
theories  as  articles  of  faith,  and  the  croed  of  the  student  is  but  too  likely  to 
become  the  shibboleth  of  the  future  professor. 

The  scientific  writers  who  have  publicly  rejected  one  or  both  of  the 
theories  of  continuous  evolution  and  of  natural  selection,  take  their  stand 
upon  physical  or  metaphysical  grounds,  or  both.  Of  those  who  rely  on  the 
metaphysical,  their  arguments  are  usually  strongly  imbued  with  theological 
prejudice  and  even  odium,  and  as  such  are  beyond  the  pale  of  scientific 
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criticism.  Having  myself  been  &  student  of  Moral  Philosophy  in  a  northern 
University,  I  entered  on  my  scientific  career  full  of  hopes  that  metaphysics 
would  prove  a  useful  mentor,  if  not  a  guide  in  science.  I  soon,  however, 
found  that  it  availed  me  nothing,  and  I  long  ago  arrived  at  the  conclusion,  so 
well  put  by  Agassiz,  when  he  says,  "  we  trust  that  the  time  is  not  distant 
when  it  will  be  universally  understood  that  the  battle  of  the  evidences  will 
have  to  be  fought  on  the  field  of  Physical  Science,  and  not  on  that  of  Meta- 
physical" *.  Many  of  the  metaphysicians'  objections  have  been  controverted 
by  that  champion  of  Natural  Selection,  Mr.  Darwin's  true  knight,  Alfred 
Wallace,  in  his  papers  on  "  Protection  "t  and  "  Creation  by  Law  "J,  &c.,  in 
which  the  doctrines  of  "  Continual  Interference,"  the  "  Theory  of  Beauty," 
and  kindred  subjects,  are  discussed  with  admirable  sagacity,  knowledge,  and 
skill.  But  of  Mr.  Wallace  and  his  many  contributions  to  philosophical 
biology,  it  is  not  easy  to  speak  without  enthusiasm ;  for,  putting  aside  their 
great  merits,  he,  throughout  his  writings,  with  a  modesty  as  rare  as  I  believe 
it  to  be  in  him  unconscious,  forgets  his  own  unquestioned  claims  to  the 
honour  of  having  originated,  independently  of  Mr.  Darwin,  the  theories 
which  he  so  ably  defends. 

On  the  score  of  geology,  the  objectors  chiefly  rely  on  the  assumed  perfection 
of  the  geological  record;  and  since  almost  all  who  believe  in  its  imperfection, 
and  many  of  the  other  school,  accept  the  theories  both  of  evolution  and  natural 
selection,  wholly  or  in  part,  there  is  no  doubt  that  Mr.  Darwin  claims  the 
great  majority  of  geologists.  Of  these,  one  is  in  himself  a  host,  the  veteran 
Sir  Charles  Lyell,  who,  after  having  devoted  whole  chapters  of  the  first  edi- 
tions of  his  'Principles'  to  establishing  the  doctrine  of  special  creations, 
abandons  it  in  the  10th  edition,  and  this,  too,  on  the  showing  of  a  pupil ;  for, 
in  the  dedication  of  his  earliest  work,  *  The  Naturalist's  Voyage/  to  Sir  C. 
Lyell,  Mr.  Darwin  states  that  the  chief  part  of  whatever  merit  he  or  his  works 
may  possess,  has  been  derived  from  studying  the  '  Principles  of  Geology/  I 
know  no  brighter  example  of  heroism,  of  its  kind,  than  this,  of  an  author 
thus  abandoning,  late  in  life,  a  theory  which  he  had  for  forty  years  regarded 
as  one  of  the  foundation  stones  of  a  work  that  had  given  him  the  highest 
position  attainable  amongst  contemporary  scientific  writers.  Well  may  he  be 
proud  of  a  superstructure,  raised  on  the  foundations  of  an  insecure  doctrine, 
when  he  finds  that  he  can  underpin  it  and  substitute  a  new  foundation ;  and 
after  all  is  finished,  survey  his  edifice,  not  only  more  secure,  but  more  har- 
monious in  its  proportions  than  it  was  before  ;  for  assuredly  the  biological 
chapters  of  the  tenth  edition  of  the  '  Principles '  are  more  in  harmony  with 
the  doctrine  of  slow  changes  in  the  history  of  our  planet,  than  were  their 
counterparts  in  the  former  editions. 

To  the  astronomers'  objections  to  these  theories  I  turn  with  diffidence ; 
they  are  strenuously  urged  in  what  is  in  my  opinion  the  cleverest  critique  of 
them  that  I  have  hitherto  met  with,  and  which  appeared  in  the  North  British 
Review.  It  is  anonymous,  I  am  wholly  ignorant  of  its  author,  and  I  regret 
to  find  that,  in  common  with  the  few  other  really  able  hostile  critiques,  it 
is  disfigured  by  a  dogmatism  that  contrasts  unfavourably  with  Mr.  Darwin's 
considerate  treatment  of  his  opponents'  methods  and  conclusions.  The  author 
starts,  if  I  read  him  aright,  by  professing  his  unfamiliarity  with  the  truth 
and  extent  of  the  facts  upon  which  the  theories  of  Evolution  and  Natural 
Selection  are  founded,  and  goes  on  to  say,  that  "  the  superstructure  based  on 

*  Agateeiz  on  the  Contemplation  of  God  in  the  Kosmos.    Christian  Examiner,  4th  Series, 
toI.  xv.  p.  2. 
t  Westminster  Beview.  \  Journal  of  Science,  October,  1867. 
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them  may  be  discussed  apart  from  all  doubts  as  to  the  fundamental  facts." 
The  liberty  thus  to  discuss  no  one  may  dispute  or  curtail,  but  the  biologist 
will  ask,  to  what  end  can  discussion  lead?  Who  would  attach  much  weight 
to  the  verdict  of  a  judge  passed  on  evidence  of  which  he  knew  neither  the 
truth  nor  the  extent?  As  well  might  a  boy  guiltless  of  mathematics,  set 
himself  to  test  the  47th  proposition  of  the  1st  book  of  Euclid,  by  constructing 
paper  squares  corresponding  to  the  sides  of  a  right-angled  triangle,  then 
cutting  up  the  smaller  squares,  try  to  fit  the  pieces  into  the  larger,  and 
failing  to  do  this  with  exactitude,  conclude  of  the  problem,  as  the  reviewer 
does  of  the  theory,  that  it  is  "  an  ingenious  and  plausible  speculation,  marking 
at  once  the  ignorance  of  the  age  and  the  ability  of  the  philosopher.1' 

The  most  formidable  argument  urged  by  the  reviewer  is,  that  "  the  age  of 
the  inhabited  world  as  calculated  by  solar  physics,  is  proved  to  have  been 
limited  to  a  period  wholly  inconsistent  with  Darwin's  views."  This  would 
be  a  valid  objection  if  these  views  depended  on  those  of  one  school  of  geolo- 
gists ;  and  if  the  500,000,000  years,  which  the  reviewer  adopts  as  the  age  of 
the  world,  were,  as  an  approximate  estimate,  accepted  by  either  astronomers 
or  physicists.  But,  in  the  first  place,  the  reviewer  assumes  that  the  rate  of 
change  in  the  condition  of  the  earth's  surface  was  vastly  more  rapid  at  tho 
beginning  than  now,  and  has  gradually  slackened  since ;  but  overlooks  the 
consequence,  that  according  to  all  Mr.  Darwin's  principles  the  operations  of 
natural  selection  must  in  such  cases  have  been  formerly  correspondingly  more 
rapid :  and  in  the  second,  are  these  speculations  as  to  the  solidity  of  the 
earth's  crust  dating  back  only  500,000,000  years,  to  be  depended  upon  ?  In 
his  great  work,  the  author*  quoted  for  these  numbers,  gives  as  possible  limits 
20,000,000,  or  400,000,000  years,  whilst  other  philosophers  assign  to  the 
habitable  globe  an  age  far  exceeding  the  longest  of  these  periods.  Surely, 
in  estimates  of  such  a  nature  as  the  above,  which  are  calculated  from  data 
themselves  in  a  great  degree  hypothetical,  there  are  no  principles  upon  which 
we  are  warranted  in  assuming  the  speculations  of  the  astronomer  to  be  more 
worthy  of  confidence  than  those  of  the  biologist. 

A  former  most  distinguished  President,  and  himself  an  astronomer,  Pro- 
fessor Whewell,  has  said  of  astronomy  that  "  it  is  not  only  the  queen  of 
sciences,  but  the  only  perfect  science,  the  only  branch  of  human  knowledge 
in  which  we  are  able  fully  and  clearly  to  interpret  nature's  oracles,  so  that 
by  that  which  we  have  tried  we  receive  a  prophecy  of  that  which  is  un- 
tried "f.  Now,  whilst  fully  admitting,  and  proudly  as  every  scientific  man 
ought,  that  astronomy  is  the  most  certain  in  her  methods  and  results  of  all 
the  sciences,  that  she  has  called  forth  some  of  the  highest  efforts  of  the  intel- 
lect, and  that  her  results  far  transcend  in  grandeur  those  of  any  other  science, 
I  think  we  may  hesitate  before  we  therefore  admit  her  queenship,  her  per- 
fection, or  her  sole  claims  to  interpretation  and  to  prophecy.  Her  methods 
are  those  of  the  mathematicians ;  she  may  call  Geometry  and  Algebra  her 
handmaidens,  but  she  is  none  the  less  their  slave.  No  science  is  really  per- 
fect, certainly  not  that  which  lately  erred  nearly  4,000,000  miles  in  so  fun- 
damental a  datum  as  the  earth's  distance  from  the  sun.  Have  Faraday  and 
Von  Baer  interpreted  no  oracles  of  nature  fully  and  clearly  ?  Have  Cuvicr 
and  Dalton  not  prophesied,  and  been  true  prophets  ?  Claims  to  queenship  do 
not  accord  with  the  spirit  of  science ;  rather  would  I  liken  the  domain  of 
natural  knowledge  to  a  hive,  in  which  every  comb  is  a  science,  and  truth 
the  one  queen  over  them  all. 

*  Thomson  and  Tait,  Treatise  on  Natural  Philosophy,  toI.  i.  p.  716. 
t  Ber.W.WheweU.    Reports,  1833,  p.  xiii. 
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It  remains  to  say  a  few  words  on  some  prospects  which  this  Norwich  Meet- 
ing opens. 

A  new  science  has  dawned  upon  us,  that  of  the  Early  History  of  Mankind. 
Prehistoric  archaeology  (including  as  it  does  the  origin  of  language  and  of 
art)  has  been  the  latest  to  rise  of  a  series  of  luminaries  that  have  dispelled 
the  mists  of  ages  and  replaced  time-honoured  traditions  by  scientific  truths. 
Astronomy,  if  not  the  queen,  yet  the  earliest  of  sciences,  first  snatched  the 
torch  from  the  hands  of  dogmatic  teachers,  tore  up  the  letter  and  cherished 
the  spirit  of  the  law.  Geology  next  followed,  but  not  till  two  centuries  had 
elapsed,  nor  indeed  till  this  our  day,  in  divesting  religious  teaching  of  many 
cobwebs  of  scientific  error.  It  has  told  us  that  animal  and  vegetable  life 
preceded  the  appearance  of  man  on  the  globe,  not  by  days  but  by  myriads  of 
years ;  and  how  late  this  knowledge  came  we  may  gather  from  the  fact  that 
Lawrence  in  his  previously  quoted  lectures  *,  delivered  so  late  as  1818,  says 
of  the  extinct  races  of  animals,  "  that  their  living  existence  has  been  sup- 
posed, with  considerable  probability,  to  be  of  older  date  than  the  formation 
of  the  human  race." 

And,  last  of  all,  this  new  science  proclaims  man  himself  to  have  inhabited 
this  earth  for  perhaps  many  thousands  of  years  before  the  historic  period — 
a  result  little  expected  less  than  thirty  years  ago,  when  the  Rev.  W.  V.  Har- 
court,  in  his  address  to  the  Association  at  Birmingham  t,  observed  that 
"  Geology  points  to  the  conclusion,  that  the  time  during  which  mankind  has 
existed  on  the  globe,  cannot  materially  differ  from  that  assigned  by  Scrip- 
ture," referring,  I  need  not  say,  to  the  so-called  Scripture  chronology,  which 
has  no  warrant  in  the  Old  Testament,  and  which  gives  5874  years  as  the 
age  of  the  inhabited  globe. 

Pre-historic  Archaeology  now  offers  to  lead  us  where  man  has  hitherto  not 
ventured  to  tread.  Can  we,  whilst  truthfully  and  fearlessly  pursuing  this 
inquiry,  separate  its  physical  from  its  spiritual  aspect  ?  will  be  the  upper- 
most thought  in  the  minds  of  many  here  present.  To  separate  them  is,  I 
believe,  indeed  impossible,  but  to  search  out  common  truths  that  underlie 
both  is  permitted  to  all.  Mr.  Disraeli  J  has  well  said  of  Truth,  that  it  is  the 
sovereign  passion  of  mankind.  And  it  should  be  emphatically  so  in  the  minds 
engaged  in  this  search,  where  religion  and  science  should  speak  peace  to  one 
another,  if  they  are  to  walk  hand  in  hand  in  this  our  day  and  generation. 

A  great  deal  has  of  late  been  said  and  written  about  the  respective  attitudes 
of  Religion  and  Science ;  and  my  predecessor,  the  Duke  of  Buccleuch,  dwelt 
on  this  in  his  address  last  year  with  great  good  sense  and  good  taste,  and 
pointed  out  how  much  the  progress  of  knowledge  depended  on  this  attitude 
being  mutually  considerate  and  friendly.  During  the  first  decades  of  my 
scientific  life,  science  was  rarely,  within  my  experience,  heard  of  from  the 
pulpits  of  these  islands :  during  the  succeeding,  when  the  influence  of  the 
'  Reliquiae  Diluvianae '  and  the  Bridgewater  Treatises  was  still  felt,  I  often 
heard  it  named,  and  always  welcomed.  Now,  and  of  late  years,  science  is 
more  frequently  named  than  ever,  but  too  often  with  dislike  or  fear,  rather 
than  with  trust  and  welcome. 

The  Rev.  Dr.  Hanna,  in  an  eloquent  and  candid  contribution  to  the  *  Con- 
temporary Review '§,  has  adduced  a  long  list  of  eminent  clergymen  of  various 
denominations,  who  have  adorned  science  by  their  writings,  and  religion  by 
their  lives.  I  do  not  ignore  their  contributions,  still  less  do  I  overlook  the 
many  brilliant  examples  of  educated  preachers  who  give  to  science  the  respect 

*  Lectures  on  Physiology,  Zoology,  &c.,  p.  52.    t  Report,  p.  17. 

t  Life  of  Lord  Qeorge  Bentinok.  §  Vol  vi.  No.  21,  September,  1867. 
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due  to  it.  But  Dr.  Hanna  omits  to  observe  that  the  majority  of  these 
honoured  contributors  were  not  religious  teachers  in  the  ordinary  sense  of 
the  term ;  nor  does  he  tell  us  in  what  light  many  of  their  scientific  writings 
were  regarded  by  a  large  body  of  their  brother  clergymen,  those  resident  in 
the  country  especially,  from  whom  alone  an  overwhelming  proportion  of  the 
population  ever  hear  the  name  of  science. 

To  return,  let  each  pursue  the  search  for  truth,  the  archa&ologigt  into  the 
physical,  the  religious  teacher  into  the  spiritual  history  and  condition  of 
mankind.  It  will  be  in  vain  that  each  regards  the  other's  pursuit  from  afar, 
and  turning  the  object-glass  of  his  mind's  telescope  to  his  eye,  is  content 
when  he  sees  how  small  the  other  looks. 

To  search  out  the  whence  and  whither  of  his  existence,  is  an  unquench- 
able instinct  of  the  human  mind ;  to  satisfy  it,  man  in  overy  age,  and  in 
every  country,  has  adopted  creeds  that  embrace  his  past  history  and  his 
future  being,  and  has  eagerly  accepted  scientific  truths  that  support  the 
creeds  ;  and  but  for  this  unquenchable  instinct,  I  for  one  believe  that  neither 
religion  nor  science  would  have  advanced  so  far  as  they  have  into  the  hearts  of 
any  people.  Science  has  never  in  this  search  hindered  the  religious  aspira- 
tions of  good  and  earnest  men ;  nor  have  pulpit  cautions,  which  are  too  often 
ill-disguised  deterrents,  ever  turned  inquiring  minds  from  the  revelations  of 
science. 

A  sea  of  time  spreads  its  waters  between  that  period  to  which  the  earliest 
traditions  of  our  ancestors  point,  and  that  far  earlier  period,  when  man  first 
appeared  upon  the  globe.  For  his  track  upon  that  sea  man  vainly  questions 
his  spiritual  teachers.  Along  its  hither  shore,  if  not  across  it,  science  now 
offers  to  pilot  him.  Each  fresh  discovery  concerning  pre-historic  man  is  as 
a  pier  built  on  some  rock  its  tide  has  exposed,  and  from  these  piers  arches  will 
one  day  spring  that  will  carry  him  further  and  further  across  its  depths. 
Science,  it  is  true,  may  never  sound  the  depths  of  that  sea,  may  never  buoy 
its  shallows,  or  span  its  narrowest  creeks  ;  but  she  will  still  build  on  every 
tide-washed  rock,  nor  will  she  deem  her  mission  fulfilled  till  she  has  sounded 
its  profoundest  depths  and  reached  its  further  shore,  or  proved  the  one  to  be 
unfathomable  and  the  other  unattainable,  upon  evidence  not  yet  revealed  to 
mankind.  And  if  in  her  track  she  bears  in  mind  that  it  is  a  common  object 
of  religion  and  of  science  to  seek  to  understand  the  infancy  of  human  ex- 
istence, that  the  laws  of  mind  are  not  yet  relegated  to  the  domain  of 
the  teachers  of  physical  science,  and  that  the  laws  of  matter  are  not  within 
the  religious  teacher's  province,  these  may  then  work  together  in  harmony 
and  with  good  will. 

But  if  they  would  thus  work  in  harmony,  both  parties  must  beware  how 
they  fence  with  that  most  dangerous  of  all  two-edged  weapons,  Natural 
Theology ;  a  science,  falsely  so  called,  when,  not  content  with  trustfully 
accepting  truths  hostile  to  any  presumptuous  standard  it  may  set  up,  it  seeks 
to  weigh  the  infinite  in  the  balance  of  the  finite,  and  shifts  its  ground  to 
meet  the  requirements  of  every  new  fact  that  science  establishes,  and  every 
old  error  that  science  exposes.  Thus  pursued,  Natural  Theology  is  to  the 
scientific  man  a  delusion,  and  to  the  religious  man  a  snare,  leading  too  often 
to  disordered  intellects  and  to  atheism. 

One  of  our  deepest  thinkers  *,  Mr.  Herbert  Spencer,  has  said: — "  If  reli- 
gion and  science  are  to  be  reconciled,  the  basis  of  the  reconciliation  must  be 
this  deepest,  widest,  and  most  certain  of  facts,  that  the  power  which  the 
universe  manifests  to  us  is  utterly  inscrutable."  The  bonds  that  unite  the 
*  Pint  Principles,  by  Herbert  Spencer,  ed.  ii  p.  16. 
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physical  and  spiritual  history  of  man,  and  the  forces  which  manifest  them- 
selves in  the  alternate  victories  of  mind  and  of  matter  over  the  actions  of  the 
individual,  are,  of  all  the  subjects  that  physics  and  psychology  have  revealed 
to  us,  the  most  absorbing;  and  are,  perhaps,  utterly  inscrutable.  In  the 
investigation  of  their  phenomena  is  wrapped  up  that  of  the  past  and  the 
future,  the  whence  and  the  whither,  of  his  existence ;  and  after  a  knowledge 
of  these  the  human  soul  still  yearns,  and  thus  passionately  cries,  in  the 
words  of  a  living  poet : — 

11  To  matter  or  to  force 
The  all  is  not  confined ; 
Beside  the  law  of  things 

Is  set  the  law  of  mind ; 
One  speaks  in  rock  and  star, 
Ana  one  within  the  brain, 
In  unison  at  times, 
And  then  apart  again ; 
And  both  in  one  have  brought  us  hither, 
That  we  may  know  our  whence  and  whither. 

"  The  sequences  of  law 

We  learn  through  mind  alone  J 
We  see  but  outward  forms, 

The  soul  the  one  thing  known ;  — 
If  she  speak  truth  at  all, 

The  Toices  must  be  true 
That  give  these  visible  things, 
These  laws  their  honour  due, 
But  tell  of  One  who  brought  us  hither, 
And  holds  the  keys  of  whence  and  whither. 

"  He  in  His  science  plans, 

What  no  known  laws  foretell ; 
The  wandering  fires  and  fix'd 

Alike  are  miracle : 
The  common  death  of  all, 
The  life  reneVd  above, 
Are  both  within  the  scheme 
Of  that  all-circling  love. 
The  seeming  chance  that  cast  us  hither, 
Accomplishes  His  whence  and  whither  "  *. 

*  The  Beign  of  Law,  by  F.  T.  PaJgrave.    Macmillan's  Magazine,  March  1867. 
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P.  399,  lines  20-22,  for  maximum  still  occurs . . .  November  read  maxima  hare  occurred 
on  the  6th-7th  of  December,  but  of  which  symptoms  (Greg's  Alc)  can  be  distinguished  as 
early  as  the  23rd  of  November. 

P.  399,  lines  23,  24,  for  on ...  on ...  date  read  in ...  in  ...  month. 

P.  399,  line  27,  for  May  read  March  or  April. 

P.  400,  last  line,  for  Chapelas  read  Chapelas-Coulvier-Gravier. 

P.  403,  line  4  from  bottom,  for  Max.  1848-52  read  Max.  Dec.  6-7, 1798  (?),  1838, 1847, 
1848-52.    Perhaps  connected  with  Biela's  comet. 

P.  407,  line  11  from  bottom,  for  12th  of  December,  including,  perhaps,  read  beginning 
of  December,  including. 

P.  407,  last  line,  add,  and  Father  Seochi  that  of  *'  uranoliths  "  to  designate  aerolites. 


ERRATA 
In  Teansactions  op  the  Sections  fob  1866. 

P.  65,  line  12  from  bottom,  for  Vaginicula  read  Vaginulina. 
„    line  10  from  bottom, /or  Protalia  read  Rotalia. 
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Report  of  the  Lunar  Committee  for  Mapping  the  Surface  of  the  Moon. 
Drawn  up  byW.  R.  Birt,  at  the  request  of  the  Committee,  consisting 
of  James  Glaisher,  F.R.S.,  Lord  Rosse,  F.R.S.,  Lord  Wrottesley, 
F.R.S.,  Sir  J.  Herschel,  Bart.,  F.R.S.,  Professor  Phillips,  F.R.S., 
Rev.  C.  Pritchard,  F.R.S.,  W.  Huggins,  FR.S.,  Warren  De  La 
Rue,  F.R.S.,  C.  Brooke,  F.R.S.,  Rev.  T.  W.  Webb,  F.R.A.S., 
J.  N.  Lockyer,  F.R.A.S.1  Herr  Schmidt,  and  W.  R,  Birt, 
FJLA.S. 

[Plate  L] 

Lr  presenting  the  annual  Report  of  the  proceedings  of  the  Lunar  Com- 
mittee, the  usual  course  has  been  to  specify  the  amount  of  work  done 
under  the  respective  heads  of  Registration  of  Objects,  the  progress  of  the  out- 
line map,  the  results  of  observation,  and  a  notice  of  any  striking  pheno- 
menon that  may  have  come  under  the  cognizance  of  the  Committee.  Pre- 
viously to  entering  upon  the  above-mentioned  subjects,  the  Committee  have 
the  pleasure  to  announce  that,  by  the  kindness  of  Edward  Crossley,  Esq., 
of  Halifax,  who  has  lent  his  equatorial  of  7*3  in.  aperture  and  12  feet  focal 
length  expressly  for  this  work,  they  are  in  a  better  position  not  only  for 
more  effectively  constructing  the  map  and  compiling  the  catalogue,  but  also 
for  examining  the  observations  which  are  transmitted  to  them  from  time  to 
time.  With  this  view  the  telescope  has  been  mounted  at  Walthamstow,  and 
has  received  several  accessions  to  render  it  more  suitable  for  the  work.  The 
number  of  eyepieces  capable  of  being  used  with  it  is  twelve.  Mr.  Birt  (who 
is  now  engaged  in  examining  in  detail  the  areas  already  issued,  in  observing 
such  spots  as  IAnnt,  Alpetragius  d,  IV  Aa  17,  IY  AS  89,  and  others  that  present 
any  remarkable  phenomena,  and  also  in  checking  zone  and  other  observations) 
reports  that  its  performance  is  very  satisfactory. 

The  acquisition  of  this  instrument,  the  zones  at  present  under  systematic 
observation,  and  particularly  the  increased  number  of  observations  (see  post, 
pp.  3  and  4)  requisite  to  elucidate  questions  that  may  be  raised  relative  to  the 
physical  aspect  and  condition  of  the  moon's  surface  induce  the  hope  that  more 
observers  will  join  in  the  work,  especially  gentlemen  in  possession  of  power- 
ful optical  means.  The  Committee  are  desirous  that  the  basis  of  observation 
of  the  physical  aspect  of  the  moon's  surface  may  be  laid  broad  and  deep, 
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that  the  superstructure  may  be  characterized  by  accuracy  and  precision  as 
well  in  recording  detail  as  in  discussing  observations,  and  that  the  results 
arrived  at  may  be  beyond  dispute  and  fully  capable  of  testing  any  question 
that  may  arise  as  to  the  state  of  the  moon's  surface. 

Registration  of  Objects. — During  the  past  Association  year,  the  regis- 
tration of  objects  has  proceeded  in  conformity  with  the  mode  adopted  in  pre- 
vious years.     The  numbers  are  as  follows :  — 


553 

on 

128 

areas  in  Quadrant 

I. 

353 

y> 

86 

99                              » 

11. 

215 

ft 

57 

»                               » 

III. 

642 

99 

62 

»                               » 

IV. 

Total     ....   1763  333 

Outline  Map. — The  drawing  of  area  IV  A^  has  been  prepared,  engraved, 
and  a  number  printed  for  distribution ;  also  a  catalogue  of  99  objects  upon 
this  area  has  been  compiled  and  printed.  Several  corrections  and  additions 
to  areas  IV  Aa  and  IV  AC  have  been  made ;  so  that  the  number  of  objects  in- 
serted on  the  maps,  either  engraved  or  in  MS.,  and  included  in  the  Catalogue, 
amounts  to  337,  which  is  a  trifle  less  than  ^  of  the  number  inserted  in  the 
folio  registers. 

In  preparing  the  catalogue,  every  care  has  been  taken  to  meet  the  growing 
requirements  of  selenographical  research.  The  doubts  that  surround  the 
labours  of  earlier  selenographers,  as  to  correctness  of  details,  many  delinea- 
tions being  conventional  rather  than  actual,  combined  with  the  absence  of 
precision  in  describing  lunar  features,  render  it  essential  that  the  description 
of  an  object  should,  if  possible,  embody  its  principal  characteristics  at  a  given 
epoch.  The  compilation  of  the  catalogue  was  commenced  with  this  view ;  and 
it  has  been  steadily  maintained  in  the  portion  accompanying  this  Report  as 
well  in  the  previous  ones,  each  description  being  as  much  as  possible  equiva- 
lent to  a  trustworthy  observation. 

As  the  positions  of  objects  on  the  outline  map  are  for  mean  libration,  it 
may  be  well  to  mention  that  the  moon  attains  a  state  of  mean  libration 
(nearly)  in  1868  on  October  24d  20h  8m. 

Results  op  Observations. — More  than  thirty-two  gentlemen  have  under- 
taken the  examination  of  special  zones  or  particular  objects.  The  work 
accomplished  in  accordance  with  the  instructions  in  the  letterpress  of  IV  Aa, 
IV  AC  is  as  follows : — 106  objects  in  the  three  areas  have  been  independently 
identified,  i.  e.  originally  laid  down  from  De  La  Rue's  and  Rutherford's  pho- 
tograms,  or  from  observations  made  by  the  Secretary ;  they  have  been  rcob- 
served  by  gentlemen  in  whose  zones  they  occur.  In  seven  cases  the  obser- 
vations were  made  by  four  independent  observers,  in  six  cases  they 
were  made  by  three  independent  observers,  in  32  cases  by  two,  and  in  61 
by  one  observer  only.  Appendix  II.  contains  the  Association  symbols  of 
these  objects,  with  such  notes  as  may  bo  deemed  necessary,  also  the  addi- 
tions to  the  map  and  catalogue.     See  post,  pp.  40  and  41. 

Observations  of  this  kind  may  be  greatly  facilitated  by  choosing  "  test 
objects  "  in  accordance  with  the  suggestion  of  Mr.  Slack,  who  recommends 
«  Crater-Row  "  (IV  AC  *3,  IV  AC  ",  IV  AC  «,  IV  AC  «  IV  AC  ™,  five  craterlets) 
as  very  suitable  for  area  IV  AC.  If  the  craterlets,  especially  IV  AC l8  and 
IV  AC19,  come  out  sharply  and  well  defined,  and  can  be  seen  distinctly  and 
without  tremor,  the  earth's  atmosphere  is  in  a  good  state  for  observation ;  and 
if,  at  the  same  time,  neighbouring  objects  are  indistinct,  hazy,  and  ill-defined 
(phenomena  that  may  be  occasionally  noticed),  then  it  would  appear  that  this 
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indistinctness  is  not  occasioned  by  the  state  of  the  earth's  atmosphere,  but 
bj  some  other  agency. 

Particulab  Phenomena. — Under  this  head  may  be  classed  observations  of 
Lxnni,  the  spot  IV  Aa  l7,  I V  AC  w,  Alpetragius  d,  and  others  of  the  same  kind 
(see  post,  pp.  29  and  41).  From  my  own  observations,  and  from  several  others 
which  have  come  to  hand,  it  appears  that  those  phenomena  that  have  been 
considered  indicative  of  "  change  "  have  been  mostly  characterized  by  occa- 
sional indistinctness  of  the  objects  observed,  contributing  to  the  suspicion 
that  such  objects  have  either  disappeared,  or  that  new  craters  have  been 
formed.  Without  a  very  careful  discussion  in  connexion  with  solar  alti- 
tudes and  azimuths,  and  the  difference  between  the  angle  of  incidence  on  the 
moon's  surface  and  the  angle  of  reflexion  from  the  moon's  surface,  which  is 
equal  to  the  supplement  of  the  angle  ([  —  O,  it  is  very  difficult  to  refer 
such  phenomena  to  their  legitimate  sources. 

Change. — The  question  of  "  change  "  on  the  moon's  surface  still  remains 
undecided.  Although  the  circumstances  associated  with  the  earlier  records 
and  delineations  fail  to  invest  them  with  that  authority  which  is  necessary 
to  a  decision  of  the  question,  they  are  nevertheless  exceedingly  important, 
and  a  careful  study  of  the  works  of  the  four  leading  selenographers,  Schroter, 
Lohrmann,  Beer  and  Madler,  and  Schmidt,  is  essential  to  a  competent  know- 
ledge of  the  surface  of  our  satellite.  The  "  facts "  recorded  by  them  are 
very  numerous.  These  facts,  compared  with  the  results  obtained  by  the  aid 
of  photography,  and  with  those  of  recent  observation,  must  tend  in  no  small 
degree  to  advance  selenographical  knowledge. 

In  the  course  of  such  a  comparison  many  differences  will  be  found.  Ear- 
lier delineations  and  photograms  will  not  agree ;  and  in  seeking  for  an  expia- 
tion of  such  differences,  we  are  naturally  led  to  regard  variations  of  distance, 
libration,  and  illumination  as  fruitful  sources  of  apparent  change.  It  has 
been  a  matter  of  solicitude  in  preparing  the  areas  and  catalogue  already  issued, 
to  define  the  extent  of  apparent  change  produced  by  alterations  of  distance 
and  by  libration,  which  near  the  middle  of  the  moon  is  but  small.  Appa- 
rent changes  occasioned  by  differences  in  the  angles  of  illumination  are  not 
so  easily  dealt  with.  Before  we  can  venture  to  express  an  opinion  on  a  sup- 
posed apparent  change  as  dependent  upon  the  sun's  altitude  above  and  his 
azimuth  at  any  particular  spot,  it  is  manifestly  necessary  to  know  all  the 
changes  of  appearance  which  the  object  undergoes  as  the  sun  rises  higher 
above  it,  culminates,  and  declines.  This  necessarily  involves  a  considerable 
amount  of  calculation,  especially  if  the  three  coordinates  are  employed,  viz. 
the  latitude  of  the  spot,  the  sun's  declination,  and  his  hour-angle.  Some 
approximation,  however,  may  be  made  to  the  sun's  altitude  at  intervals  of 
12  hours,  from  his  rising  at  the  moon's  equator,  on  a  point  at  which  the  lon- 
gitudes of  the  terminator  and  the  spot  agree,  to  his  meridian  passage  at  the 
same  point.  I  am  accordingly  preparing  a  set  of  Tables  of  Solar  Altitudes 
at  intervals  of  twelve  hours  (nearly)  for  every  five  degrees  of  lunar  latitude, 
and  also  for  the  solstices  and  equinoxes  at  each.  The  Tables  for  the  Equator, 
5°,  and  10°  of  latitude  will  be  found  on  pp.  10  and  11. 

Before  a  correct  judgment  can  be  formed  on  the  gradations  of  appearance 
presented  by  any  one  spot  as  the  sun's  altitude  increases  and  declines,  it  is 
necessary  to  obtain  observations  of  that  spot  at  intervals  of  at  least  12  hours. 
The  greatest  change  of  altitude  during  this  interval  is  a  little  more  than  6° 
on  the  equator.  This  change  in  12  hours  decreases  as  a  spot  is  situated 
N.  or  S.  of  the  equator.  To  obtain  a  sufficient  number  of  observations  for 
this  purpose,  observers  must  confine  in  some  degree  their  attention  to  parti- 
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otdar  objects  for  many  lunations,  so  that  a  normal  character  of  the  appearance 
of  a  certain  spot  with  any  given  mean  solar  altitude  may  be  determined. 
Ten  observations  for  each  interval  would  be  necessary  before  the  normal 
character  could  be  considered  sufficiently  ascertained,  in  order  to  distinguish 
between  apparent  and  real  change.  This  process  is  clearly  a  work  of  time ; 
it  is  nevertheless  absolutely  necessary  to  settle  such  a  question  as  that  which 
has  been  raised  in  respect  of  LinnS.  The  observations  of  this  spot  are  now 
numerous ;  various  opinions  have  been  expressed  with  regard  to  it ;  but  as 
yet  they  are  inconclusive,  the  observations  being  little  better  than  "  raw 
material."  When  they  have  undergone  the  examination  above  proposed,  we 
may  be  the  better  able  to  arrive  at  some  conclusion  respecting  Linne. 

In  the  course  of  "  Zone  Observations,"  and  therefore  entirely  originating 
with  the  labours  of  this  Committee,  another  spot  of  apparently  the  same 
nature  as  LinnS,  so  far  as  recent  observations  are  concerned,  has  been  detected. 
Not  previously  known,  it  has  been  described  under  the  symbols  IY  Aa  17, 
IV  A^89  as  a  "bright  spot."  The  Rev.  W.  0.  Williams  of  Pwllheli,  in 
whose  pair  of  subzones  it  occurs  (see  letterpress  IV  Aa,  IV  Af ,  pp.  5  &  6, 
and  Report  British  Association,  1866,  pp.  241,  242),  has  fully  connrmed  an 
observation  which  I  made  in  1867  on  May  11,  when  I  saw  it  as  a  shallow 
crater.  Mr.  Williams  has  observed  it  as  a  crater  with  a  central  cone,  Mr. 
Baxendell  has  seen  it  as  a  well-marked  shallow  crater,  and  Mr.  Williams  has 
frequently  seen  it  as  a  bright  white  spot.  I  have  lately  ascertained,  by  the 
aid  of  the  Crossley  Equatorial,  that  it  is  situated  on  the  summit  of  a  mountain- 
range,  and  is  opened  in  an  irregular  depression  on  this  summit.  For 
a  digest  of  the  existing  observations  arranged  in  order  of  solar  altitudes 
see  p.  29.  They  are,  however,  too  few  in  number  to  determine  at  present 
the  normal  character  for  each  group  of  6°  of  altitude  ;  but  there  are  a  few 
differences  of  appearance  with  similar  altitudes  which  claim  attention. 

Probably  the  only  circumstance  that  we  are  acquainted  with  as  connected 
with  our  own  atmosphere  capable  of  rendering  an  object  on  the  moon's  sur- 
face indistinct,  and  sometimes  obliterating  it  altogether,  is  the  agitation  pro- 
duced by  the  mixture  of  air  of  different  densities.  Every  observer  knows  the 
difference  between  good  and  bad  definition,  which  passes  through  a  variety 
of  gradations  from  the  greatest  steadiness  to  the  most  violent  "  boiling." 
When  the  normal  character  of  a  spot  under  a  certain  altitude  of  the  sun  is 
well  known,  departures  from  this  character  become  apparent ;  and  if  the  ob- 
servations have  been  well  recorded  and  all  known  circumstances  capable  of 
affecting  it  registered,  these  departures  stand  out  as  residual  phenomena 
awaiting  explanation.  It  may  be  that  the  differences  above  alluded  to  are 
of  this  nature ;  but  it  is  manifestly  premature  to  discuss  them  until  the  ob- 
servations have  sufficiently  accumulated  to  determine  the  normal  character  of 
the  spot  under  every  angle  of  illumination. 

Herr  Schmidt  has  announced  that  another  spot,  Alpetragius  d  [III  A*4], 
has  manifested  somewhat  similar  phenomena.  I  have  carefully  examined  it 
with  the  Crossley  Equatorial,  and  find  it  exactly  as  desricbed  by  Schmidt, 
viz.  a  bright  nebulous  round  spot  of  light,  larger  than  LinnS,  with  a  small 
crater  on  the  extreme  S.  edge  of  the  bright  spot.  Lohrmann  gives  a  bright 
elongated  spot  with  a  small  hill  on  it ;  and  B.  &  M.  have  drawn  it  distinctly 
as  a  crater. 

The  following  is  the  letter  addressed  by  Herr  Schmidt  to  the  Secretary  of 
the  Lunar  Committee  of  the  British  Association  for  the  Advancement  of 
Science.  The  translation  is  by  W.  T.  Lynn,  Esq.,  of  the  Royal  Observatory, 
Greenwich : — 
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Athens,  1868,  June  6. 

Honoured  Sib, — I  have  lately  given  attention  to  a  region  of  the  moon 
which  deserves  in  future  a  more  accurate  investigation.  Although  it  fur- 
nishes by  no  means  so  significant  a  case  as  was  afforded  by  LinnS,  it  shows, 
however,  something  analogous,  and  leads  to  a  better  knowledge  of  certain 
spots  of  light  which  cannot  in  all  cases  be  explained  by  mere  phenomena  of 
reflexion.  The  region  in  question  is  situated  easterly  near  Alpetragius,  the 
spot  of  light  to  which  I  direct  your  attention  in  12°  east  longitude  and  14° 
south  latitude  =<#.  Schroter  has  nothing  about  it  Lohrmann's  (unedited) 
plate  gives  a  very  large  spot  of  light,  almost  2°  in  magnitude,  and  a  very 
small  hill  inside  it. 

Madler  draws  a  crater  of  almost  a  mile  [4*6  miles  English]  in  diameter, 
and  says  in  his  '  Selenography '  [Der  Mond],  page  304,  line  22  from  above, 
"  In  the  furthest  east  shines  also  with  a  light  of  8°  the  small  crater  d" 

This  crater  d  now  no  longer  exists ;  but  in  its  place  is  a  round  spot  of 
light  more  than  2  miles  [9*2  English]  broad,  extremely  brilliant,  which  has 
quite  the  character  of  the  light  spot  LinnS,  and  of  the  few  others  of  this  kind 
which  also  are  found  upon  the  moon.  The  small  neighbouring  crater  south 
of  d  which  Madler  gives  is  still  distinctly  visible. 

I  have  annexed  three  sketches — the  first  from  Madler,  the  second  from 
Lohrmann,  the  third  my  own,  on  the  scale  of  my  chart. 

Will  you  have  the  goodness  to  take  an  opportunity  of  informing  the  Lunar 
Committee  of  this  notice,  and  request  new  observations  with  large  instru- 
ments? 

With  the  greatest  esteem, 

Yours  most  truly, 

J.  F.  Jranrs  Schmidt. 

Bright  spots  on  the  moon  are  of  two  kinds,  viz.  those  which  are  clearly 
and  unmistakeably  the  slopes  of  mountains  or  the  interiors  of  craters,  and 
those  which  appear  as  round  nebulous  spots,  apparently  on  the  moon's  sur- 
face, the  true  nature  of  which  we  are  at  present  ignorant  of.  The  bright- 
ness of  the  first  class  depends  upon  the  following  conditions,  which  determine 
the  angle  of  illumination — 1°  and  2°  the  sun's  altitude  and  azimuth  at  the 
spot,  3°  and  4°,  the  angles  which  the  slope  and  direction  make  with  the  lunar 
horizon  and  meridian.  In  the  case  of  each  particular  spot  certain  values  of 
the  above-mentioned  angles  determine  the  maximum  of  illumination,  and 
consequently  the  greatest  brightness  in  the  course  of  the  lunar  day.  The 
bright  spots  of  the  second  class  do  not  conform  to  the  before-mentioned  con- 
ditions. They  are  apparently  horizontal ;  but  it  has  not  yet  been  ascertained 
by  observation  whether  they  are  in  contact  with  the  surface  or  otherwise. 
The  three  spots  of  this  nature  which  have  been  most  extensively  observed 

are  LinnS  [IEyi],  Posidonius  y  [IE63],  and  IV  A*  "  IY  A^»,  and  these 
present  some  very  remarkable  differences.  Nearly  throughout  the  whole 
course  of  the  lunar  day  LinnS  appears  as  a  white  spot,  varying  slightly  in 
brightness,  and  more  so  in  size ;  generally  it  appears  as  nearly  as  possible  of 
about  the  same  size  and  brilliancy  as  Posidonius  y,  sometimes  slightly  ex- 
ceeding y,  and  at  other  times  a  trifle  less  both  in  size  and  brightness.  Posi- 
donhts  y  is  the  highest  part  of  a  ridge  on  the  Mare  Serenitatis,  having  on  its 
summit  a  minute  pit.  LinnS,  from  the  latest  observations,  is  a  small  cone 
on  a  nearly  level  portion  of  the  Mare.  At  and  shortly  after  sunrise  both  have 
been  distinctly  seen  as  well-defined  bright  spots  of  the  first  class.  At  a  very 
early  period  of  the  lunar  day  LinnS  exchanges  the  characteristics  of  the  first 
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class  for  those  of  the  second.  Posidonius  y  has  not  been  observed  so  assidu- 
ously as  Linni ;  it  has,  however,  been  found  to  retain  the  appearance  of  a 
mountain  to  a  later  period  in  the  lunar  day,  when  Linni  has  exhibited  nothing 
but  the  ill-defined  nebulous  spot. 

IV  A* 17  IV  A£ w,  which  differs  from  Linni  and  Posidonius  y,  is  a  crater 
opened  in  the  bottom  of  a  depression  which  occurs  in  a  mountain- chain  on 
the  east  border  of  Hipparchus.  Similarly  to  Linni  and  Posidonius  y,  it  is  dis- 
tinct and  well  denned  shortly  after  sunrise,  but,  unlike  them,  it  retains  this 
appearance  for  a  much  longer  period  of  the  lunar  day.  Under  a  low  solar 
altitude  the  eastern  interior  side  of  the  depression  in  which  the  crater  is  situ- 
ated is  very  bright,  showing  that  for  some  time  after  sunrise  it  must  be  in- 
cluded in  the  first  class  of  bright  spots.  On  some  occasions,  when  the  sun 
has  attained  an  altitude  of  about  20°  above  its  horizon,  it  has  presented  a 
very  similar  appearance  to  that  of  Linni  and  Posidonius  y.  On  other  occa- 
sions this  appearance  has  not  been  observed  until  the  sun  has  attained  an 
altitude  of  nearly  40°.  A  bright  streak  has  also  been  noticed  extending  from 
it  towards  the  east,  while  the  crater-form  has  been  distinctly  visible,  with  a 
solar  altitude  of  nearly  30°.  With  solar  altitudes  above  48°  to  meridian 
altitude  85°,  the  appearance  has  been  that  of  two  nebulous  bright  spots  of  the 
second  class. 

While  the  three  objects  under  high  solar  altitudes  present  precisely  the 
same  appearance,  the  lunar  surface  in  each  case  differs  materially : — Linni,  a. 
small  isolated  cone  with  crater  opening  (?)  on  a  comparatively  level  surface ; 
Posidonius  y,  the  highest  point  of  a  mountain-ridge,  having  a  minute  perfo- 
ration ;  IV  A*17  IV  AC »,  a  somewhat  large  opening,  with  a  small  central 
one,  in  a  depression  also  upon  the  summit  of  a  mountain-range.  It  is  clearly 
the  province  of  observation  to  endeavour  to  ascertain  in  each  case  the  circum- 
stances which  are  intimately  connected  with  the  Jirst  appearance  of  the  white 
spot.  Apparently  these  spots  appear  to  be  on  the  surface.  In  the  case  of 
Linni  the  spot  spreads  around  the  cone  or  crater ;  in  that  of  Posidonius  y  it 
extends  around  the  summit  of  the  mountain,  while  in  that  of  IVAa17 
IV  Af  »  it  covers  the  depression  and  included  crater.  Of  the  four  conditions 
of  brightness  in  the  first  class  of  bright  spots,  the  sun's  altitude  appears  to  be 
connected  with  the  first  appearance  of  the  white  spot  in  the  second  class,  but 
not  regularly  so,  inasmuch  as  it  appears  earliest  in  Linni  and  latest  in 
IV  Aa  17  IV  AC  39.  The  discussion  of  observations  is  not  sufficiently  advanced 
to  ascertain  if  the  sun's  azimuth  at  all  affects  these  spots.  The  third  and 
fourth  conditions  of  the  first  class  are  clearly  inapplicable  to  spots  of  the  second 
class. 

It  has  been  suggested  that  the  nature  of  the  surface  in  these  localities  is 
such  as  to  reflect  the  hazy  light  we  see.  We  have  in  the  three  examples 
before  us  three  different  kinds  of  surfaces,  as  above  mentioned.  The  greatest 
similarity  of  appearance  of  the  white  spot  occurs  in  those  cases  in  which  the 
surfaces  are  most  dissimilar,  viz.  a  nearly  level  plain  from  which  rises  a 
small  cone,  and  a  mountain  peak  having  a  small  orifice.  While  the  surfaces 
are  dissimilar,  the  feature  in  which  the  two  objects  closely  resemble  each 
other  is  the  minute  orifice  which  has  been  seen  in  both.  We  have  conse- 
quently in  two  objects  greatly  differing  from  each  other,  two  very  close  points 
of  resemblance — the  minute  orifice  seen  with  very  low  solar  altitudes,  and  the 
comparatively  large  white  spot  seen  under  higher  altitudes. 
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APPENDICES. 


I.— BRITISH  ASSOCIATION  OUTLIKE*  MAP  OF  THE  MOON, 
Zone  II.,  Area  IY  A*.     (See  Plate  L) 

Preliminary  Remarks. 

Tub  principles  upon  which  the  map  is  constructed  and  the  catalogue  compiled, 
with  the  materials  employed  for  these  purposes,  have  been  already  mentioned 
in  the  Report  presented  at  Nottingham  in  1866.  Instructions  for  observing 
the  objects  and  correcting  the  detail  will  be  found  in  the  letterpress  accom- 
panying the  areas  IV  Aa  and  IV  AC  In  preparing  IV  A^  for  engraving  and 
printing,  a  few  additional  notices  have  become  requisite.  In  addition  to  the 
symbols  for  indicating  certain  objects  on  the  maps,  inserted  on  p.  4  of  letter- 
press to  areas  IV  Aa,  IV  AC,  and  Report  Brit.  Assoc.  1866,  p.  240,  three 
others  may  be  found  useful ;  so  that  the  revised  code  of  symbols  will  be  as 
follows : — 

Points  of  the  first  order. 

X  Points  of  the  second  order. 

-9-  Bright  spots. 

o  Craters. 

O  Rings. 

w  Depressions. 

A  Mountains. 

v  Valleys. 

is'directStoUrda  i  1  Mountain-slopes  and  valley-sides, 

the  lowest  point.    J  Clefts. 

••  Very  conspicuous  objects. 

*  Easy  objects. 

f  Difficult  objects. 

X  Objects  rarely  visible. 
B.  &  M.  Beer  and  Madler.  "" ; 
L.  S.  Lohrmann's  Sections. 
L.  M.  Lohrmann's  Map. 
S.  R.  Schmidt's  Rills. 
Eng.  ft.  English  feet. 
Metres. 

Of  the  photograms  employed,  De  La  Rue's,  being  so  near  the  epoch  of  mean 
libration  (Report  Brit.  Assoc.  1866,  p.  215),  is  used  for  the  determination  of 
positions,  while  Rutherford's  is  the  most  suitable  for  the  measurement  of 
the  extents  and  distances  of  objects.  The  elements  of  this  photogram  are  as 
under: — 

Epoch  1865,  March  6. 

For  illumination:— Longitude  of  terminator  =  21    4-1  E, 
Inclination  of  terminator  to  meridian         =     1    6'6 
North  pole  enlightened. 

•  This  map  is  not  intended  to  be  a  perfect  or  complete  Lunar  Map,  but  only  a  guide  to 
obeerrers  in  obtaining  data  for  the  construction  of  a  complete  map. 
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For  season :-—  ©  —  Q  =133  40-4 

Lunar  summer  in  the  northern  hemisphere. 

For  position : — N.  and  S.,  Moon's  latitude     =     4  54-8  S. 
E.  and  W.,  Moon  past  perigee  200  hours. 
Moon  less  apogee  150  hours. 
Objects  are  south  and  east  of  their  mean  places. 

For  size: — Moon's  semidiameter  15'  12"-9;  mean  semidiameter  15'  32"-3. 

A  circle  of  one  degree  in  diameter  at  the  centre  of  the  moon's  disk  is  seen 
under  an  angle  of  16"-277 ;  at  5°  of  longitude  W.  or  E.  the  degree  is  fore- 
shortened in  a  radial  direction,  i.  e.  on  the  equator  by  0"-061,  the  shortest 
diameter  heing  16"-216.  At  10°,  the  N.W.  angle  of  area  IY  A",  or  N.E.  of 
III  A0,  the  foreshortening  amounts  to  0"#247,  or  nearly  a  quarter  of  a  second, 
the  shortest  diameter  being  16"*030. 

The  number  of  English  feet  subtending  an  angle  of  l"-0  at  the  centre  of  the 
moon's  disk  at  mean  distance  is  6116*7.  This  value  is  increased  in  receding 
from  the  centre  in  the  proportion  of  the  secants  of  the  angular  distances  from 
the  centre ;  consequently  at  the  middle  point  of  each  area  the  value  of  1"*0  is 
greater  than  at  the  centre  of  the  moon's  disk ;  for,  by  reason  of  the  spherical 
surface  of  the  moon,  1"*0  covers  a  greater  portion  of  the  surface  at  a  point 
removed  from  t£e  centre  than  at  the  centre.  At  the  middle  point  of  IV  A*, 
or  2°  30'  W.  long.,  2°  30'  S.  lat.,  the  angular  distance  from  the  centre=3°  32> 
which  gives  6128-3  English  feet  for  the  value  of  l't#0.  At  the  middle  point 
of  IV  A0,  or  7°  30'  W.  long.,  2°  30'  8.  lat.,  the  angular  distance  from  the  centre 
=7°  54',  which  gives  6175-3  English  feet  for  the  value  of  l"-0.  This  is  also 
the  value  for  the  middle  point  of  IV  A£ .  At  the  middle  of  IV  A",  or  7°  30' 
W.  long.,  7°  30'  S.  lat.,  the  angular  distance  from  the  centre=10°  35',  which 
gives  6222-7  English  feet  for  the  value  of  l"-0. 

While  the  values  of  l"-0  vary  in  the  proportion  of  the  secants  as  we  recede 
from  the  centre  of  the  disk,  the  objects  themselves  remain  of  the  same  extent, 
and  are  seen  at  mean  libration,  either  under  the  larger  angle  produced  by  the 
moon  passing  her  perigean  point,  or  under  the  smaller  as  she  passes  her  apo- 
gee. Taking  6116*7  as  a  standard  quantity,  expressing  the  diameter  of  a 
circle  seen  under  an  angle  of  1"*0  at  mean  distance,  this  quantity  is  seen  at 
the  centre  of  the  disk,  mean  libration,  moon  in  perigee,  under  an  angle  of 
l"-059  + ,  moon  in  apogee  0"-941.  At  perigee,  mean  libration,  at  the  middle 
point  of  IV  A*,  the  foreshortening  of  an  object  of  this  extent  is  given  by  the 
following  numbers : — Longest  diameter  l"-059,  shortest  1"*057.  The  differ- 
ence is  perfectly  inappreciable ;  it  is  therefore  presumable  that  we  see  very 
nearly  the  true  forms  of  the  objects  on  this  area.  At  apogee,  mean  libration, 
the  proportions  are— «4)"' 941  longest  diameter,  0"*939  shortest.  For  the 
middle  points  of  IV  A0  and  IV  A£  we  have :— longest  diameter  l"-059,  shortest 
l"-049,  moon  in  perigee;  and  0"-941  longest  diameter,  0"- 932  shortest,  moon 
in  apogee.  At  the  middle  point  of  IV  A''  the  foreshortening  is  greater,  but 
still  small : — moon  in  perigee,  longest  diameter  l"-059,  shortest  1"*041 ;  moon 
in  apogee,  longest  diameter  0"-941,  shortest  0"-925. 

All  the  objects  situated  in  areas  IV  Aa  and  IV  A^  are  so  affected  by  libration 
that  we  see  alternately  more  or  less  of  their  N.  and  S.  sides.  From  the  ele- 
ments of  Rutherford's  photogram  already  given,  it  is  easy  to  perceive  that 
although  the  places  are  laid  down  on  the  areas  for  mean  libration,  the  N.  sides 
of  the  objects  are  presented  in  that  photogram  more  directly  to  the  eye ;  and 
this  will  to  some  extent  affect  the  outline,  inasmuch  as  the  measures,  more 
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particularly  of  the  mountain-slopes,  must  necessarily  include  the  larger  angle 
under  which  they  are  seen  on  the  photogram.  It  is  only  such  objects  as  the 
orifices  of  craters,  rings,  and  generally  surface-markings,  that  are  foreshort- 
ened to  a  greater  degree  as  they  are  removed  further  from  the  eye  by  the 
effect  of  libration.  The  angle  under  which  a  mountain-slope,  or  any  object 
which  is  elevated  above  the  surface,  is  seen,  is  increased  by  libration  as  it  is 
carried  ^further  from,  and  decreases  as  it  is  brought  nearer  to  the  eye ;  for  if 
we  take  a  mountain-range  lying  E.  and  W.  on  the  equator,  moon  in  node,  we 
see  the  N.  and  S.  slopes  under  the  smallest  angles.  As  the  moon  attains  a 
greater  N.  latitude,  the  mountain-range  is  seen  N.  of  its  normal  position,  and 
we  see  more  of  its  S.  slope  and  lose  its  N.  slope,  the  reverse  taking  place  as 
the  moon  attains  S.  latitude.  The  degree  of  visibility  of  mountain-slopes  or 
objects  that  are  more  or  less  elevated  above  the  surface  within  the  areas 
above  mentioned  is  dependent  more  or  less  upon  three  conditions : — 1°,  the 
angle  which  the  crest  or  longitudinal  direction  of  an  object  makes  with  a  lunar 
meridian ;  2°,  the  angle  which  the  slope  makes  with  a  vertical  perpendicular 
to  the  moon's  surface;  arid, 3°,  the  angle  through  which  it  is  moved  by  the  effect 
of  libration.  In  each  case  there  is  a  maximum  effect,  determined  by  the  posi- 
tion and  direction  of  the  object.  The  visibility  of  objects  within  a  zone  of 
1°  32*  9"  N.  or  8.  of  the  moon's  equator  is  also  affected  by  another  circumstance, 
viz.  the  direction  in  which  the  sun's  rays  fall  upon  such  objects  at  different  sea- 
sons of  the  lunar  year ;  for  example,  a  mountain-range  lying  E.  and  W.  on  the 
moon's  equator  will  have  its  N.  slope  illuminated  while  the  sun  is  N.  of  the 
moon's  equator,  and  its  S.  slope  during  the  opposite  season.  The  lunar  sea- 
sons are  easily  found.  When  the  sun's  longitude,  as  seen  from  the  moon 
(which  does  not  at  the  utmost  differ  more  than  8'  from  the  longitude  as  seen 
from  the  earth),  is  equal  to  the  longitude  of  the  moon's  ascending  node,  the 
sun  is  vertical  to  the  moon's  equator,  passing  from  S.  to  N.  When  the  differ- 
ence between  the  longitudes  of  the  sun  and  node  equals  90°,  the  N.  pole  is 
enlightened,  and  the  season  is  summer  in  the  northern  hemisphere.  When  the 
longitudes  of  the  sun  and  node  differ  180°,  it  is  the  autumnal  equinox  in  the 
northern  hemisphere,  and  when  the  difference  amounts  to  270°  it  is  winter, 
the  S.  pole  being  illuminated.  These  quantities  may  be  thus  expressed  for 
the  northern  hemisphere : — 

©—  8  =     0°+  Sun  in  equator  ascending. 

©—  Q  =  90  +  Sun  in  tropic,  N.  pole  illuminated. 

©—  Q  =180  —  Sun  in  equator  descending. 

©—  Q  =270  —  Sun  in  tropic,  S.  pole  illuminated. 

In  order  to  find  the  season,  and  consequently  the  illumination  due  to  it  of 
an  object  in  the  tropical  zone  1°  32'  9"  N.  and  S.  of  the  moon's  equator,  nothing 
further  is  requisite  than  to  find  from  the  Nautical  Almanac  the  longitudes  of 
the  sun  and  node :  the  quantity  0—8  will  give  the  season  as  above. 

If  the  sine  of  the  angle  0  —  Q  be  multiplied  into  the  sine  of  1°  32'  9",  the 
inclination  of  the  moon's  equator  to  the  ecliptic,  we  obtain  the  sine  of  an  angle 
which  represents  respectively  the  following  quantities: — 1°,  the  sun's  decli- 
nation as  seen  from  the  moon ;  2°,  the  inclination  of  the  equator  of  illumina- 
tion to  the  moon's  equator ;  and,  3°,  the  inclination  of  the  terminator  to  the 
lunar  meridian  which  it  intersects. 

From  the  above  considerations  it  follows  that  in  the  three  areas  now  issued, 
and  also  in  the  corresponding  areas  in  Quadrants  I.,  II.,  and  III.,  we  sec  lunar 
objects  of  very  nearly  their  true  forms,  and  that  libration  does  not  materially 
affect  either  their  forms  or  magnitudes. 
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The  visibility  of  objects  generally  is  affected  in  a  much  greater  degree  by 
the  morning  and  evening  illuminations.  Shortly  after  sunrise  the  slopes  of 
mountains  facing  the  W.  are  so  illuminated  that  their  detail  may  be  well  and 
satisfactorily  made  out.  It  is  only  a  little  before  sunset  that  the  E.  slopes  are 
similarly  illuminated.  Most  of  the  apparent  changes  in  the  appearance  of 
objects  are  due  to  these  illuminations.  It  is,  however,  manifest  that  low  and 
flat  objects  are  less  affected  than  high  and  sloping  ones.  We  have  already 
indicated  (letterpress,  areas  IY  Aa,  IV  AC,  p.  7,  and  Keport  Brit.  Assoc.  1866, 
p.  243)  the  mode  of  finding  epochs  of  similar  illumination ;  still  the  changes 
which  some  objects  undergo  as  the  sun  rises  above  their  horizons  are  so  re- 
markable that  it  may  in  some  measure  assist  the  observer  in  endeavouring  to 
refer  these  changes  to  their  legitimate  sources,  if  we  give  for  the  limits  of 
each  zone  of  5°  the  sun's  altitude  for  intervals  of  12  hours  during  the  period 
elapsing  from  sunrise  to  meridian  passage,  which  will  also  be  applicable  to 
the  decline  from  meridian  passage  to  sunset.  The  epoch  of  sunrise  at  any 
particular  spot  with  0  —  Q  =0°  or  180°  is  manifestly  that  at  which  the  lon- 
gitudes of  the  spot  and  terminator  are  equal;  with*©—  Q  =270°  the  sun 
is  slightly  above  the  horizon,  and  with  ©  —  Q  =90°  as  slightly  below  in  the 
southern  hemisphere. 

The  longitude  of  the  terminator  may  be  found  by  the  following  formulae : — 
Calling  the  longitude  of  terminator  ll9  the  moon's  mean  longitude  Z ,  the  sun's 
true  longitude  ©,  west  longitude  on  the  moon's  equator  W,  ana  E  longi- 
tude £,  then  for  the  morning  terminator  we  have 

W  lk-©-(2W+ 10),  E  l1=(27O°+O-0, 
and  for  the  evening  terminator 

W  ^=©-(90°+^),   EZ^Oo+ZJ-O. 


Table  of  Solab  Altitudes  at  the  Mook, 
Equator. 


Int. 

Hour-angle. 

Winter  Solstice. 

Equinoxes. 

Summer  Solstice. 

h 
0 

O     i          il 

90  0  0 

9.   A   u 

0  0  0 

b  6  6 

0  0  0 

12 

83  54  15 

6  5  37 

6  5  46 

6  5  37 

24 

77  48  30 

12  10  34 

12  15  0 

12  10  34 

36 

71  42  45 

18  16  49 

18  17  16 

18  16  49 

48 

65  37  0 

24  22  27 

24  23  0 

24  22  27 

60 

59  31  15 

30  28  0 

30  28  48 

30  28  0 

72 

53  25  30 

36  33  35 

36  34  29 

36  33  35 

84 

47  20  0 

42  38  52 

42  40  0 

42  38  52 

96 

41  14  15 

48  44  19 

48  45  44 

48  44  19 

108 

35  8  30 

54  49  46 

54  51  30 

54  49  46 

120 

29  2  45 

60  55  4 

60  67  13 

60  55  4 

132 

22  57  0 

67  0  5 

67  3  0 

67  0  5 

144 

16  51  15 

73  4  40 

73  8  40 

73  4  40 

156 

10  45  30 

79  7  50 

79  14  25 

79  7  50 

168 

4  39  45 

85  5  20 

85  20  20 

85  5  20 

Mer. 

0  0  0 

88  27  51 

90  0  0 

88  27  51 
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Table  oe  S014E  Altitudes  at  the  Moon. 
Latitude  5°. 


u 


Int. 

Hour-angle. 

Winter  Solstice. 

Equinoxes. 

Summer  Solstice. 

h 

0 

0      l     *L 

90     0    0 

O        L       U 

000 

0      1      u 
0    0    0 

°o   6  8 

12 

83  54  15 

5  56  10 

6    4  20 

6  12  18 

24 

77  48  30 

12    0  14 

12    8  40 

12  16  37 

36 

71  42  45 

18    4    6 

18  12  56 

18  21     0 

48 

65  37    0 

24    7  44 

24  17    2 

24  25  18 

60 

59  31  15 

30  11     5 

30  21     2 

30  29  38 

72 

84 

53  25  30 

36  14    0 

36  24  47 

36  33  53 

47  20    0 

42  16    0 

42  27  57 

42  37  43 

96 

41  14  15 

48  17  27 

48  30  51 

48  41  38 

108 

35    8  30 

54  17  32 

54  33    0 

54  45    7 

120 

29    2  45 

60  15  30 

60  33  47 

60  48    4 

132 

22  57    0 

66     9  44 

66  32  25 

66  49  54 

144 

16  51  15 

71  56  27 

72  26  25 

72  49  27 

156 

10  45  30 

77  25  30 

78    8  50 

78  43    0 

168 

4  39  45 

81  58  30 

83     9  45 

84  11  40 

Ker. 

0    0    0 

83  27  51 

85    0    0 

86  32    9 

Table  op  Solak  Altitude*  at  the  Mooic. 
Latitude  10°. 


Hour-angle. 


h 
0 

90   6   6 

12 

83  54  15 

24 

77  48  30 

36 

71  42  45 

48 

65  37    0 

60 

59  31  15 

72 

53  25  30 

84 

47  20     0 

96 

41  14  15 

108 

35    8  30 

120 

29    2  45 

132 

22  57    0 

144 

16  51  15 

156 

10  45  30 

168 

4  39  45 

Mer. 

000 

Winter  Solstice. 

Equinoxes. 

Summer  Slstioe. 

°       A       A* 

000 

0  6  0 

0      j     a 

0  16    0 

5  43  56 

6    0  10 

6  16     6 

11  43  37 

12    0  14 

12  16  21 

17  42  47 

18    0    0 

18  16  26 

23  41  20 

23  59  22 

24:  16  23 

29  38  55 

29  58     5 

30  15  53 

35  35  18 

35  55  55 

36  14  50 

41  29  38 

41  52  12 

42  12  35 

47  21  41 

47  46  45 

48    9  18 

53    9  53 

53  38  25 

54    3  50 

58  52    4 

59  25  24 

59  55    0 

64  24  23    . 

65    4  30 

65  40  15 

69  38  16 

70  28  40 

71  13  48 

74  15  34 

75  21    9 

76  21  50 

77  33  51 

78  58  36 

80  21     0    j 

78  27  51 

80    0    0 

81  32    9 

The  above  Table  has  been  computed  from  formula;  obligingly  communi- 
catedby % \  Hinl  Esq.,  Superintendent  of  the  Nautacal  Almanac.  For 
the  Altitudes, —  c  2 
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Nat  sin  of  alt  =  nat  sin  of  mer  alt  minus  ver  sin  hour-angle  x  cos 
lat  X  cos  dec  and  checked  by 

Ver  sin  zen  dist  =  ver  sin  (lat  ±  dec)  plus  ver  sin  hour-angle  x  cos 
lat  X  cos  dec. 

One  or  two  trials  for  obtaining  the  longitude  of  the  terminator  will  be 
quite  sufficient  for  finding  the  altitude  for  any  given  interval.  In  the  case 
of  the  morning  terminator,  if  its  longitude  is  east  of  and  differs  from  the 
longitude  of  the  spot  a  few  degrees  only,  the  altitude  will  be  found  between 
interval  0  and  12  hours.  It  will,  however,  be  best  to  compute  a  longitude 
of  the  terminator  as  near  as  may  be  to  that  of  the  spot,  from  the  epoch  of 
which  intervals  of  12  hours  to  meridian  passage  may  very  readily  be  found. 

In  addition  to  the  period  of  similar  phase,  59d  lh  28m,  we  have  a  still  closer 
one  of  442d  23h  0m,  or  15  lunations.  The  numbers  in  the  column  on  pago 
xx  of  each  month  of  the  Nautical  Almanac,  headed  "  Days  elapsed  of  the 
Julian  Period,"  will  greatly  facilitate  the  application  of  this  longer  period. 
Changes  arising  from  season  and  libratdon  may,  in  consequence  of  comparing 
observations  at  epochs  so  distant,  become  more  strikingly  manifest. 

Area  IV  A*. 

Introduction. 

A  few  remarks  upon  the  classes  of  objects  found  on  this  area  and  one  or  two 
other  points  may  not  be  inappropriate ;  they  are  given  under  the  following 
heads: — Points  of  the  first  order.  Extent  of  surface.  General  features. 
Mountain-chains.  .  Faults.     Levels.     Craters.     Sequence  of  objects. 

Points  op  the  first  Order. — The  determination  of  one  or  two  points  of  the 
first  order  in  this  area  would  be  very  advantageous  for  correcting  the  positions 
of  objects  in  this  and  the  neighbouring  areas.  For  the  mode  of  observing  and 
computing,  with  an  example,  see  Report  Brit.  Assoc.  1866,  pp.  233  to  238. 
There  are  no  isolated  objects  near  the  centre  that  would  be  suitable  for  this 
purpose;  but  IV  A* 19  is  well  situated  for  areas  IV  Aa,  IV  AC,  and  IV  A*,  and 
the  crater  IV  A*3  for  the  N.W.  part  of  area  IV  A*. 

Extent  op  Surface. — This  is  the  same  as  area  IV  Aa,  viz.  8877*925  square 
miles  English,  but,  in  consequence  of  foreshortening  (see  ante,  p.  8),  it  does  not 
appear  to  be  so.  The  difference,  however,  is  slight ;  for  IV  A*  occupies  on  the 
moon's  equator  *0872  parts  of  the  moon's  radius  considered  as  unity,  and  IV  AP 
•0865  such  parts. 

General  Features. — This  area  consists  principally  of  an  elevated  district 
bordering  upon  the  lower  surface  of  the  W.  part  of  Hipparchvs.  It  is  not 
marked  by  any  very  bold  features,  except  the  W.N. W.  border  oiffipparchw, 
which  presents  apparently  a  steep  slope  towards  the  lower  land.  This  slope 
may  be  well  studied  under  the  evening  illumination,  at  about  19  or  20  days 
of  the  moon's  age.  With  this  exception,  the  surface  is  slightly  irregular, 
dotted  here  and  there  with  low  mountains.  The  N.W.  angle  contains  the 
central  portion  of  what  appears  to  be  the  remains  of  a  large  walled  plain,  but 
so  altered  by  subsequent  changes  of  the  surface  as  to  be  scarcely  recognizable. 
(See  IV  A0  2,  p.  16.)  A  comparatively  undisturbed  tract  extends  across  the 
area  from  N.E.  to  S.W.  external  to  the  S.E.  portion  of  the  ancient  ring  sur- 
rounding the  plain  IV  A0  2,  IV  Av  3.  This  tract  is  situated  entirely  on  the 
high  land  N.W.  of  Hipparchus,  and  separates  two  regions  of  considerable 
disturbance,  viz.  that  marked  by  the  cliffs  which  extend  from  the  plain 
IV  A^3,  IV  Ay8,  to  the  ancient  ring,  and  that  characterized  by  the  three 
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largest  craters  on  the  area,  IV  A0 16,  IV  A0  u,  and  IV  A* 19.  It  appears  to 
have  some  relation  to  the  ancient  ring  in  its  curvilinear  direction. 

MorNTADf-CHAiNS. — This  term  is  employed  to  designate  long  series  of 
mountains,  either  in  unbroken  lines  or,  it  may  be,  detached  mountains  occur- 
ring in  lines.  A  portion  of  such  a  mountain-chain  just  crosses  the  S.W. 
angle  of  the  area.  It  commences  at  the  junction  of  the  S.  border  oiPtohmoms 
with  the  W.  border  of  Alphonsus,  and  rises  into  high  peaks  on  the  8.W. 
border  of  Ptolemctus :  it  forms  the  N.E.  border  of*  Alhategnius,  the  ridges 
IV  AC  67  and  IV  AC  ffl  (described  as  crater-rills  by  Schmidt,  and  so  catalogued 
in  area  IV  A£)  being  the  highest  portions.  From  IV  AC  w  it  passes  onward 
to  the  N.E.  border  of  Halley,  where  the  peak  IV  AC29  rises  to  an  altitude  of 
3543  English  feet ;  it  then  passes  along  the  cliff  IV  A' 16,  facing  the  lower 
surface  of  the  S.W.  part  of  Hipparchus,  and  is  interrupted  by  a  succession  of 
valleys,  but  is  resumed  in  the  mountain  IV  An  13.  At  this  part  of  the  chain 
the  hills  are  low  compared  with  those  on  the  borders  of  Ptolemceus  and  Alba- 
tegnius.  Skirting  the  border  of  IV  A^  "  and  IV  A^  **,  a  plain  intervenes 
between  IV  A0  w  and  IV  A  0  70,  from  whence  the  chain  is  continued  S.  of  the 
ring  IV  A^  8S.  "With  various  interruptions,  it  can  be  traced  as  far  as  Sabine 
and  Hitter. 

A  short  chain  of  cliffe  occurs  in  the  N.  part  of  the  area.  The  crests  are 
generally  transverse  to  the  direction  of  the  chain,  which  extends  from  IV  A^  3 
to  IV A*". 

Faults'.— Several  "faults"  traverse  this  area— one,  IV A*23  IV A*62, 
connected  with  the  great  Tychonic  system,  and  three  connected  with  the 
smaller  system,  of  which  IV  An  2  appears  to  be  the  centre.  The  radiating 
character  of  the  streaks  from  Tycho 
is  well  known .  The  "  faults  "  con- 
nected with  IV  An  2  do  not  appear 
to  be  radiating, buttoconsist  of  three 
main  "faults,"  one  on  the  S.S.W., 
the  others  on  the  N.  of  the 
crater,  both  of  which  can  be  traced 
to  a  considerable  distance.  The 
annexed  diagram  (fig.  I)  is  in- 
tended to  show  the  general  direc- 
tion of  these  "faults,"  IV A*36 
and  IV  A'  n,  as  emanating  from 
IV A*12,  also  the  fault  IV A"85 
IV  A*63,  diverging  from  IV A"11 
in  the  direction  of  the  mountain- 
ranges  IV.A" 12,  IV  A" 13,  IV  Af*<"9 
IVA**,  &c.~  The  fault  IV A" u 
IV  A*2*  IVA'?2  is  specially  de- 
scribed in  the  letterpress  to  areas 
IV  Aa,  IYAC,  p.  19,  and  Report 
Brit.  Assoc.  1866,  p.  255. 

Parallel  with  IV  A"  ",  IV  A*  2<>, 
IV  Aa*2  in  the  N.  part  of  the  area  WWE 

are  two  of  a  minor  character,  IV  A*  51  and  IV  A*  **,  which  apparently  are  not 
connected  with  any  point  of  outburst.  It  is  not  improbable  that  these  may 
be  strictly  contemporaneous  with  the  main  fault,  and  form  portions  of  the 
same  system.     (See  IV  A^  «  pp.  30, 31.) 

»  See  note  on  p.  33. 
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In  the  W.  part  of  the  area  is  a  very  minor  "  fault,"  IV  A*  *,  nearly  parallel 
with  the  main  fault 

Levels. — There  are  only  two  levels  on  this  area — the  higher  W.  of  Hip- 
parchus,  and  the  depressed  W.  floor  of  Hipparchu*.  These  levels  are  sepa- 
rated by  the  "  fault "  IV  A"  "  IV  A*  *>  IV  Aft  ». 

Cbatebs. — The  probable  uncertainty  which  appertains  to  the  earlier  obser- 
vations of  the  physical  aspects  of  the  moon's  surface,  by  which  it  is  difficult  to 
arrive  at  any  satisfactory  conclusions  relative  to  alleged  physical  change,  ren- 
ders it  not  only  important  but  imperative  that  observations  should  now  be 
conducted  with  such  precision  that  no  doubt  may  hereafter  arise  as  to  the 
real  state  of  the  object  observed  and  recorded ;  it  is  accordingly  intended  that 
the  description  of  each  object  recorded  in  the  following  pages  shall  be  equi- 
valent to  a  trustworthy  and  accurate  observation ;  and  as  such  observations 
can  be  obtained  by  means  of  photography,  the  epoch  is  that  of  the  photogram 
employed,  viz.  1865,  March  6,  unless  otherwise  expressed.  Among  the  most 
prominent  objects  on  the  moon's  surface  are  craters.  It  is  in  this  class  of 
objects  that  change  has  been  suspected.  To  indicate  the  precision  attainable 
with  our  present  means,  a  list  of  the  craters  on  area  IV  A0  is  subjoined  in  the 
order  of  magnitude,  so  that,  if  any  question  should  hereafter  arise  as  to  any 
one  of  them,  this  record,  with  the  photogram  from  which  it  is  compiled,  will, 
it  is  hoped,  be  sufficient  evidence  of  the  state  of  each  in  the  year  1865  on 
March  6 ;  and  to  prevent  any  after-misapprehension  as  to  whether  these  ob- 
jects are  actually  craters,  engravings  are  given  of  most  of  them,  with  the 
proportions  of  shadow  to  illuminated  interior,  at  an  epoch  which  may  be  ap- 
proximately indicated  by  the  longitude  of  terminator  being  equal  to  21°  E. 

There  are  very  few  craters  on  IV  A^  for  so  large  an  area — only  fifteen,  and 
most  of  these  but  small  Five  are  found  near  the  fault  IV  A*11,  IV  A^30, 
IV  Aa  72.     Nearly  all  the  others  are  isolated. 

(l)IVA*16 19-67 

(2)IVA*U 11-19 

(3)  IV  A*19 9-42 

(4)  IV A*8    802 

(5)  IV  A*65  6-71 

(6)  IV  A*16  6-25 

(7)  IV  A*84  6-26 

(8)  IV  A"31  5-31 

The  first  column  of  seconds  (")  are  measures  on  the  photogram  of  the 

longest  diameters,  the  second  of  the  shortest  diameters.  The  last  column 
contains  the  magnitudes,  the  diameter  oi  Dionysius  being  regarded  as  unity. 
(See  letterpress,  areas  IV  Aa,  IV  AC,  p.  9,  and  Report  Brit.  Assoc.  1866, 
p.  245.) 

Sequence  op  Objects. — The  continuation  of  the  subzones  (see  letter- 
press, areas  IV  Aa,  IV  AC,  pp.  5  and  6)  in  area  IV  A^  are  as  under : — 

No.  1.  Lat.  0°  to  1°  S.— 1**,  2**,  3**,  29**,  49**,  52**,  4*,  10*  11*, 
12*,  13*,  53*  40, 42,  45,  46,  50,  51,  54,  55, 56,  57,  58,  59,  60, 61,  62,  63, 
90,91,5t,6t,7t,8+9i. 

No.  2.  Lat.  0°  to  2°  S.— 1**,  2**,  3**,  29**,  44**,  49**,  52**,  4*,  10*, 
11*,  12*,  13*,  39*,  43*,  53*,  20,  32,  33,  40,  41,  42,  45, 46,  50,  51,  54, 55, 
m9  57,58,  59,  60,  61,  62, 63,  67,  77,  78,  79,  90,  91,  99,  5J,  6+  7J,  8J,  9*. 

No.  3.  Lat.  1°  to  3°  8.-3**,  14**,  44**,  4*,  10*,  39*,  43*,  20,  26,  27, 
30,  31,  32,  33,  40,  41,  42,  45,  46,  51,  55,  62,  63,  65,  66,  67,  73,  74,  77, 
78,  79,  80,  89,  91,  98,  99. 
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17*43 

117 

(9)H^i*  ... 

...  4-47 

it         na* 
0-26 

0*66 

(10)  IV A*85  ... 

...  8-54 

317    0-20 

8-48 

053 

(ll)IVA^78  ... 

...  310 

(M8 

6-25 

0-42 

(12)  IV  A**7  ... 

...  3-00 

018 

4-47 

0-33 

(13)  IV  A*  w  ... 

...  2-90? 

017? 

5-31 

0-32 

(HJIVA*60  ... 

...  2-70 

0-16 

317 

0*28 

(15)  IV  A*82  ... 

...  2-70 

0*16 

3-54 

0-26 
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No.  4.  Lai  2°  to  4°  8.— 14**,  16",  47**,  69*,  70*,  83*,  15,  18,  20,22, 
23,  25,  26,  27,  28,  30,  31,  34,  35, 36,  37,  42,  48,  51,  62,  63,  65, 66, 72, 73, 
74,  75,  80,  84,  85,  86,  88,  89,  96,  97,  98,  76f. 

No.  5.  Lat.  3°  to  5°  S.— 16**,  19**,  38*«,  47**,  69*,  70*,  83*,  15,  17, 
18,  20,  21,  22,  23,  24,  25,  26,  28,  31,  34,  35, 36, 37, 42,  48, 62,  63,  64,  68, 
71,  72,  74,  75,  81,  82,  84,  85,  86,  87,  88,  89,  92,  93, 94,  95,  96,  97,  76f. 

No.  6.  Lat.  4°  to  5°  S.— 16**,  19**,  38**,  69*,  70*,  17,  18,  20,  21, 24, 
25,35,42,48,  62, 63,  64,  68, 71,  72, 81, 82, 87,  88,  89, 92, 93,  94, 95, 96,  97. 

Objects. 

Points  of  the  First  Order.     None. 

Points  of  the  Second  Order,  indicated  thus  x  : — 

X*.  Y*.  8.  lat.        W.  long, 

IV  A** -02385  16357  1  2i  9°  25 

IV  A*  i* -00000  -12187  0  0  7  0 

IV  A*  "...., .  -05379  -12573  35  714 

IVA*1* -06976  -11149  4  0  6  25 

N.B. — The  Arabic  numerate  following  the  symbols  of  the  areas,  and  desig- 
nating the  particular  objects  in  this  and  other  areas,  are  intended  to  be  un- 
atonble.     See  Report  Brit.  Assoc,  1865,  p.  292. 

OP  All  measures  for  diameters  of  craters,  unless  otherwise  expressed,  are 
made  at  right  angles  to  a  line  joining  the  N.  edge  of  Dionysius  and  the  S. 
edge  of  Agrippa.  See  Report,  1866,  p.  245. 

Mr.  Slack  has  suggested  that  "  crater-row  "  (see  letterpress,  areas  IV  A*, 
IV  AC,  p.  23, 1 19,  and  Brit.  Assoc.  Report,  1866,  p.  259)  should  he  regarded 
as  a  "  test  object "  of  the  state  of  the  earth's  atmosphere,  particularly  with 
regard  to  definition ;  for  example,  if  the  craters,  some  of  which  are  difficult, 
come  out  sharply  and  well  denned,  and  can  be  Been  distinctly  and  without 
tremor,  the  earth's  atmosphere  is  in  a  good  state  for  observation.  When  this 
is  the  case,  and  neighbouring  objects  are  indistinct,  hazy,  and  ill-defined,  it 
may  be  inferred  that  such  indistinctness  is  not  occasioned  by  the  state  of  the 
earth's  atmosphere,  but  is  dependent  upon  some  other  agency.  In  accordance 
with  this  suggestion,  it  is  recommended  that  in  the  examination  of  the  fol- 
lowing objects  the  state  of  "  crater-row  "  should  be  first  ascertained. 

While  these  sheets  were  passing  through  the  press,  Edward  Crossley,  Esq., 
of  Halifax,  kindly  lent  the  Committee  his  7*3-inch  achromatic  of  12  feet  focal 
length,  equatorially  mounted.  This  instrument  is  now  in  working  order  at 
Walthamstow,  and  a  systematic  examination  of  the  objects  in  the  three  areas, 
IV  Aa,  IV  A0,  and  IV  AC,  commenced.  The  numeral  of  each  object  thus 
examined  is  followed  by  (x),  thus  **  1  (x). 

**l(x).  A  mountain-range,  forming  part  of  the  northern  boundary  of 
the  plain  IV  A*  2  IV  Ay  3.  Length  of  crest  13"-425  ;  do.  from  the  highest 
point  westward  10''*255,  from  the  highest  point  eastward  3"*170;  breadth 
of  base  at  highest  point  7"-645,  at  eastern  end  6"- 712,  at  western  end 
6"-239. 

This  boundary  does  not  consist  of  a  continuous  range  of  mountains,  but  of 
detached  or  broken  ranges.  Commencing  on  the  east,  we  have  the  mountain- 
arm  IV  A*  "  lying  in  the  depression  IV  A^  41.    The  mountain-arm  IV  A0  " 

•  In  the  British  Association  Report,  1865,  p.  295,  will  be  found  an  explanation  of  the 
coordinates  X  and  Y,  with  the  formulas  for  computing  them  when  the  position  of  the  object 
'On  the  moon's  surface  has  been  determined. 
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is  separated  from  the  short  range  IV  A0  *  by  a  break  or  gorge,  through  which, 
under  favourable  circumstances,  the  sun  has  been  seen  clearly  shining. 
IV  A**4  forms  the  E.  rim  of  the  crater  IV A*3,  at  the  N.  end  of  which 
another  break  occurs.  Beyond  this  break  is  seen  the  mountain-range  IV  A* l. 
The  direction  of  IV  A0 4  and  IV  A^ l  is  nearly  at  right  angles  to  that  of 
IV  A*  *  B.  &  M.  describe  and  figure  upon  IV  A^ *  Jive  mountain-peaks, 
I V  AP  5  to  IV  A*  9.  They  are  inserted  in  the  catalogue  upon  their  authority ; 
but,  not  having  seen  them,  I  have  not  yet  inserted  them  upon  the  map.  There 
are  no  traces  of  them  upon  Rutherford's  photogram.  B.  &  M.  speak  of  them 
as  being  like  a  string  of  pearls.  It  is  probable  they  may  be  detected  a  short 
time  after  sunrise.  At  the  western  end  of  IV  AP l  another  break  in  the  boun- 
dary occurs.  This  is  succeeded  by  the  range  IV  A^13,  IV  A y  x — the  two 
ranges  IV  A^ l  IV  A0 13,  and  IV  Ay  *  forming  a  gentle  curve,  which  is  con- 
tinued by  the  depression  IV  Ay  4.  This  depression  completes  the  boundary — 
the  plain  IV  A0  2,  IV  Ay  3  being  quite  open  towards  the  S.  W. 

1864,  Dec.  5,  6h  30m  to  7h  55m,  this  region  was  carefully  observed  with 
the  Royal  Society's  achromatic  of  4|-in.  aperture,  power  230.  The  details 
recorded  then  mostly  agree  with  the  features  as  seen  on  the  photogram.  A 
few  have  not  been  recognized,  of  which  the  principal  are  as  follows : — "  The 
western  part  of  the  boundary  was  seen  to  consist  of  three  detached  rocks,  of 
which  the  southern  one  was  rather  elongated.  The  mountain-arm  IV  A0  * 
was  observed  to  end  in  an  irregular  boss  or  club-shaped  elevation,  of  less 
brightness  than  the  mountain-arm.,, 

**2(x).  The  E.  part  of  the  plain  enclosed  on  the  W.  by  the  depression 
IV  A'  *,  on  the  N.  by  the  mountain-ranges  IV  Ay  *,  IV  A*  l3,  on  the  E.  by 
IV  A*  i  and  IV  A*  *,  and  on  the  S.E.  by  IV  A0  *>. 

This  plain  is  quite  open  towards  the  S.W.,  and  has  upon  it  the  following 
objects : — The  crater  IV  A0  3,  which  is  the  most  conspicuous ;  a  somewhat 
short  elevated  ridge,  probably  Lohrmann's  61  of  his  Sec.  I.,  which  I  do  not 
recognize  on  the  photogram ;  and  two  minute  hillocks  between  the  ridge  and 
crater.  These  hillocks  are  recorded  in  Obs.  Bk.  p.  164,  No.  315, 1864,  Dec 
5,  7.15  G.M.T.  They  are  neither  inserted  in  the  map  nor  symbolized,  as  I 
do  not  find  a  second  observation  of  them,  and,  not  having  made  a  sketch  at 
the  time,  I  am  uncertain  as  to  their  position.  I  have  the  following  note  : — 
"  With  the  exception  of  60  and  61,  Lohrmann  gives  the  surface  of  this  forma- 
tion smooth.  At  present  I  do  not  see  any  other  inequalities  than  the  two 
minute  hillocks."  On  Rutherford's  photogram  I  find  two  objects  to  which 
the  hillocks  observed  in  1864  may  answer — IV  A0  w,  described  as  a  "hillock 
on  the  plain,  and  IV  A*  9l,  a  shallow  depression."  It  is  probable  I  saw  only 
the  slope  of  the  depression,  which  I  regarded  as  that  of  a  hillock. 

This  plain  on  Rutherford's  photogram  has  greatly  the  appearance  of  a  large 
ancient  crater  which  has  suffered  from  irruption  and  become  nearly  filled. 
If  such  has  been  the  case,  the  wall  has  been  broken  through  on  the  S.W.,  the 
open  portion  facing  a  somewhat  smooth  tract,  agreeing  in  this  respect  with 
the  numerous  ruined  craters  (as  they  appear  to  be)  on  the  borders  of  the 
Maria.  The  plain  is  interestingly  situated  with  regard  to  Oodin  and  Agrippa. 
The  crater  IV  A*3,  as  well  as  the  cliffs  between  IV  A^3  and  IV  A*  u,  are 
probably  of  more  recent  origin  than  the  plain.  The  depressions  IV  AY  4  and 
IVA^41  at  the  extremities  of  the  N.W.  and  S.E.  ranges  are  remarkable. 
The  occurrence  of  mountains  standing  in  shallow  depressions  is  not  uncommon 
in  some  parts  of  the  moon ;  it  is  a  curious  feature,  and  deserves  careful  con- 
sideration as  well  as  observation. 

A  very  remarkable  and  interesting  feature  is  connected  with  this  plain, 
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vis.  a  kind  of  "  circumvallation  "  (consisting  either  of  low  mountains  or,  at 
some  parts,  of  depressions)  surrounds  it,  at  an  average  distance  from  the 
centre  of  35"-24,  not  very  unlike  the  second  rampart  of  Rhceticus  (see  letter- 
press, areas  IV  A*,  IV  A£,  p.  12,  and  Brit.  Assoc.  Beport,  1866,  p.  248),  or 
the  cliffs  surrounding  IV  A*  4  (see  ibid.  pp.  13,  249).  A  portion  of  a  similar 
circumvallation  exists  on  the  N.W.  of  Agrippa.  The  circumvallation  sur- 
rounding IV  A^  2  is  best  traced  on  the  N.  in  the  mountains  W.  and  E.  of 
Godin,  including  the  S.  border  of  that  crater.  The  depression  IV  A^  **  and 
the  mountain  IV  A*  **  are  situated  upon  this  line  of  circumvallation.  Here 
it  becomes  obscure,  but  can  be  traced  passing  between  IV  Afi 74  and  IV  A^ 75, 
and  continued  in  the  mountain-chain  extending  from  the  junction  of  Ptolc- 
vtceus  and  Alphonsus  towards  Sabine  and  Bitter  (see  ante,  p.  13).  From  this 
mountain-chain  the  curve  is  continued  to  its  junction  with  the  S.  of  Godin. 

The  area  enclosed  by  this  "  circumvallation  "  is  about  equal  to  that  of  the 
floor  of  Ptolemceus.  Is  this  the  remnant  of  a  large  walled  plain  which  in- 
cluded a  crater,  nearly  central,  within  it  ?  Its  position  with  regard  to  Ptole- 
mceus  is  interesting,  especially  as  the  diverse  groups  on  and  near  Hipparchus 
intervene.  Its  ancient  character  may  be  inferred  from  its  being  traversed  by 
more  than  one  "  fault :" — first,  a  "  ray  from  Tycho,"  which  passes  across  its 
eastern  segment ;  second,  by  the  "  fault "  IV  AP  **,  which  also  crosses  this 
segment  The  "fault"  IV  A"35  IV  A****  grazes  the  E.  edge  of  the  ancient  wall. 

The  following  passage  from  the  Bev.  T.  W.  Webb's  notice  of  Chacornac's 
'  Theory  of  Lunar  Physics '  is  so  much  topthe  purpose  that  I  quote  it  at  length. 
"  Among  other  characteristics  of  the  primitive  surface,  we  notice  immense 
rings,  whose  crests  alone  project  above  the  surrounding  plain  by  some  hundreds 
of  yards — circular  ramparts,  the  last  visible  vestiges  of  great  buried  craters ; 
and  these  are  cut  through  by  considerable  breaches,  which  permit  us  to  follow 
the  level  of  the  maritime  soil,  where  it  penetrates  their  interiors,  and  to  re- 
mark the  absence  of  the  slightest  difference  in  surface  or  structure." — Intel- 
lectual Observer,  No.xlvii.  Dec.  1865,  p.  373. 

The  surface  of  the  area  included  within  the  line  of  circumvallation  is  in 
striking  contrast  with  that  of  Ptolemarus.  If  it  has  ever  been  in  the  same 
state  as  that  magnificent  plain,  the  changes  it  has  undergone  must  have  been 
considerable.  From  a  smooth  level  surface,  surrounded  by  a  rampart  of 
mountains,  the  remains  of  which  we  are  now  only  able  to  trace  imperfectly, 
it  must  have  passed  into  a  state  during  which  the  central  parts  have  been 
elevated,  and  the  surface  attained  a  degree  of  subdued  irregularity  very  diffe- 
rent from  the  surfaces  of  the  great  walled  plains.  While  nearly  every  vestige 
of  the  characteristics  of  a  walled  plain  has  disappeared,  the  surface  included 
by  the  circumvallation  possesses  a  certain  uniformity  of  aspect  which  gives  an 
individuality  to  it,  and  which  clearly  separates  it  from  the  features  external 
to  it.  It  is  singularly  free  from  craters,  two  only  of  any  magnitude  being 
found  upon  it,  viz.  IV  A*8,  and  the  crater  S.S.E.  of  Godin,  I A^5.  Should 
the  conjecture  be  correct  that  we  have  here  the  remains  of  a  large  walled 
plain,  the  intermediate  changes  that  it  has  undergone  indicate  it  to  have 
been  very  ancient,  perhaps  among  the  most  ancient  of  lunar  forms. 

Hipparchus  may  be  regarded  as  intermediate  in  character  between  this  for- 
mation and  PtolemoBus.  We  shall  have  to  direct  attention  (see post,  p.  37)  to 
the  probability  that  at  some  anterior  epoch  the  depressed  floor  of  Hipparchus 
and  the  higher  land  W.  of  it  were  at  the  same  level,  and  that  the  whole  of 
the  district  W.  of  Hipparchus,  including  the  plain  under  consideration,  has 
since  been  elevated.  If  so,  from  the  appearance  which  this  walled  plain  now 
presents,  it  is  probable  that  the  rampart  was  nearly  filled  prior  ti>  the  general 
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elevation  of  the  district  of  which  it  forms  a  part.  This  also  points  to  its  great 
antiquity,  especially  as  the  "  fault "  separating  Hipparchus  from  the  district 
appears  to  be  comparatively  recent. 

**3(x).  A  crater  on  the  E.  part  of  the  plain  IV  A0  2 1 V  Ay  l,  position  second 
order  x  3,  -0103  S.W.  of  photogram,  M  of  B.  &  M.,  who  mark  it  7°  of  bright- 
ness. Lohrmann  gives  it  8°.  It  is  60  of  his  Section  I.  He  de-  pjg  2. 
scribes  it  as  small,  and  very  deep.  Its  E.  interior  slope  forms 
the  W.  slope  of  the  mountain-range  IV  A* 4,  which  is  the  first 
of  a  series  of  short  mountains  connecting  IV  A0  8  with  IV  A*  u. 
It,  as  well  as  IV  A^14  and  IV  A^19,  is  very  deep,  the  shadow 
being  still  gibbous  when  the  morning  terminator  has  just  passed  Copernicus. 
The  proportion  of  shadow  to  illuminated  interior,  when  the  longitude  of  the 
morning  terminator =21°  E.,  is  as  1  to  1*833.  See  fig.  2.  In  the  following 
engravings,  representing  the  proportion  of  shadow  to  illuminated  interior, 
the  extent  of  shadow  in  all  oases  is  equal  to  1,  but  not  upon  the  same 
scale,  neither  are  the  craters  given  on  the  same  scale.  IV A*38  is  the 
fourth  crater  in  order  upon  area  IV  A*.  Diameter  6"-25;  longest  dia- 
meter on  a  line  passing  through  IV  Aa  *°  8"-02,  mag.  0*42.  It  appears  as 
a  white  spot  under  a  high  illumination. 

1868,  May  ld  8h  0a  G.  M.  T.,  I  observed  with  the  Crossley  equatorial  a 
white  spot  S.  of  IV  AP  3,  which  was  also  seen  with  the  Royal  Astronomical 
Society's  Sheepshanks  telescope,  No.  5,  aperture  2*75  in.,  power  100,  on  May 
30d  9h  30»  G.  M.  T.,  1868.— [W.  R.  B.] 

*4(x).  A  short  mountain-range  forming  part  of  the  E.  boundary  of  the 
plain  IV  A*  3  IV  Ay  3.  The  N.  end  of  this  mountain -chain  is  X  of  B.  &  M., 
whose  measures  give  6177  English  feet,  or  1883  French  metres,  for  its  alti- 
tude. Length  of  crest  8"#48.  The  breadth  of  base  includes  the  depth  of  the 
crater  IV  A  0  8,  and  is  accordingly  difficult  to  measure.  Its  E.  slope  appears 
to  be  very  gradual. 

+5.  The  S.E.  of  B.  &  M.'s  five  peaks  on  IV A*1  N.  of  IV  A*4.  See 
ante,  p.  16. 

J6.  A  peak  between  IV  A*5  and  IV  A**. 

*7.  A  peak  between  IV  A*  «  and  IV  A*  8. 

+8.  A  peak  between  IV  A0  *  and  IV  A*  ». 

J9.  The  N,W.  of  B.  <fc  M.'s  five  peaks  on  IV  A0  K     See  ante,  p.  16. 

*10(x).  A  short  mountain-range  parallel  with  IV  A* 4.  Length  of  crest 
6"»25.  It  is  situated  near  the  point  of  intersection  of  two  "  faults,"  IVA'  ** 
IV  A0  <°,  and  IV  A0  42,  the  latter  of  which,  although  not  so  well  marked  as 
the  "  fault "  IV  A" lI  IV  A*  »  IV  Aft  »,  can  be  easily  traced  as  paralkl  with 
it  on  Rutherford's  photogram. 

It  is  difficult  to  determine  whether  Lohrmann  really  intended  the  S.  ex- 
tremity of  his  63,  Sec.  I.,  to  represent  IV  A* 10.  If  he  did,  then  he  has  an  addi- 
tional range  between  63  and  60,  which  is  not  apparent  on  the  photogram. 
If  he  did  not,  then  his  range  63,  Sec.  L,  is  much  longer  than  it  ought  to  be.  The 
cliffs  between  IV  A*  3  and  IV  A^ l4  are  very  indifferently  shown  by  Lohrmann. 
The  boldest  are  certainly  in  the  neighbourhood  of  IV  A/  8.  His  59,  Sec.  I. 
(IV  Sfi  80),  which  he  has  made  the  boldest,  is  certainly  the  lowest,  as  well  as 
the  last  of  the  chain  connecting  IV  A^  8  with  IV  A0 14.  The  direction  of  this 
chain  is  S.E.-N.W.     See  also  IV  A*  M,  post,  p.  32. 

*ll(x).  A  formation  somewhat  of  the  character  of  a  circular  hill  with  a 
depression  of  the  nature  of  a  crater  nearly  central.  The  E.N.E.  boundary 
consists  of  a  high  mountain-range,  IV  A*  &,  which,  with  IV  A0  *,  form  a 
rampart  parallel  with  the  W.S.W.  wall  of  BhaBticus.    The  interior  of  IV  A* ll 
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dips  an  the  EJff.E.  from  the  W.  edge  of  IV  A*  «  to  the  W.S.W.  foot  of 
IV  A*«* ;  the  ridge  IV  A*«  crosses  IV  A*  »  from  S.  to  N. 

Lohrmaiui  describes  and  figures  this  formation  as  an  enclosed  plain,  J  of 
Sec  I.  with  central  mountain,  the  surrounding  mountains  being  62  (IV  A*  M), 
63  (IV  A0«),  and  64  (I  A*28)  of  his  Sec.  I.  He  also  speaks  of  two  low 
rows  of  mountains  between  them.  He  says  that  in  the  midst  of  the  interior 
plain  a  small  centred  mountain  is  elevated.  There  is  certainly  nothing  of  the 
kind  on  Rutherford's  photogram,  March  6,  1865,  neither  plain  nor  central 
mountain.  On  the  W.  of  IV  A*  u  is  a  hollow,  I V  A*  *•,  communicating  with 
a  semicrater,  neither  of  which  are  shown  by  Lohrmann.  The  boldness  with 
which  the  formations  IV  A0  u  and  IV  kfi  *•  appear  on  the  photogram  is  quite 
absent  in  B.  <fe  M.'s  large  map.  IV  kfi ll  is  more  distinct  in  the  small  map, 
1837,  but  shown  as  a  plain  without  a  central  mountain. 

1867,  Dec.  3,  10\  Boyal  Astronomical  Society's  Sheepshanks  telescope, 
No.  5,  aperture  2-75,  power  100.  Identified  IV  A*  »  and  IV  A*  «,  the  E. 
mountainous  boundary  of  the  two  formations  IV  A^  u,  IV  A*  *•,  answering 
to  Lohrmann'8  62,  Sec.  I.,  which  are  laid  down  correctly  by  him.  Also  IV  A^5* 
and  IV  Afi  M,  the  W.  boundary  answering  to  his  63,  Sec.  I.  The  two  low 
mountain-chains  spoken  of  by  Lohrmann  I  failed  to  identify,  but  I  saw  on 
the  moon  a  mountain,  between  the  two  mountain-boundaries  above  specified, 
which  is  not  the  central  mountain  of  J,  Sec.  I.,  but  the  mountain-ridge 
IV  A*  *  of  IV  A*  «  It  is  probable  that  the  mountain-ridge  of  IV  A*  u  is 
the  E.  of  Lohrmann's  two  low  ridges ;  and  between  this  and  his  63,  Sec.  I., 
is  the  depression  IV  AP  *•,  not  shown  by  him,  and,  instead  of  a  plain 
and  central  mountain  between  the  ridges  IV  kP  M  and  IV  kP  *  IV  kP M, 
the  S.  part  of  the  space  is  filled  with  the  crater  3V  A*  u,  and  the  N.  part 
dips  to  the  N.  angle  of  the  formation  IV  A*  "  I  A*  *>.  — {W.  R.  B.] 

1868,  May  ld  8h  45m  G.  M.  T. ;  Crossley  equatorial  7*3  inches,  power  122. 
Crater-row  pretty  well  defined ;  IV  A^ ll  very  distinct,  with  the  crater 
IV  A* u  upon  it.  The  surface  of  the  hill  is  in  the  form  of  a  tableland, 
IVA*»  and  IV A**2  rising  higher  on  the  E.,  the  W.  slope  of  IV A*6* 
descending  to  the  hollow. 

It  is  very  possible  that  Lohrmann  regarded  the  tableland  as  an  enclosed 
plain.  The  question  now  is  whether  the  crater  IV  kP  w  was  regarded  by 
him  as  a  mountain.  I  do  not  see  an  exterior  shadow  on  the  E. ;  fig.  3  is  too 
dark  on  the  E.  and  N.E.  The  shading  is  not  intended  to  indicate  shadow, 
but  the  slope  of  the  mountain  on  the  N.E. — [W.  B.  B.] 

As  in  the  case  of  LinnS,  it  may  possibly  be  considered  that  both  Lohrmann 
and  B.  &  M.  are  in  error.  It  does  not  appear  that  B.  <fe  M.  mention  the 
formation.  The  following  is  a  translation  by  the  Rev.  T.  W.  Webb,  of  Lohr- 
mann'8  notice  {Topographic  der  sichtbaren  Mondoberflachc,  erste  Abtheilung, 
p.  51):- 

"  (§  47.  I.)  This  landscape  lies  under  7°  of  W.  longitude  upon  the  equa- 
tor, and  is  circularly  encompassed  by  the  high  mountains  62,  63,  and  64. 
Between  these  mountains,  however,  are  also  found  two  lower  rows  of  moun- 
tains, going  parallel  with  63,  that  more  closely  encompasses  I.  In  the 
middle  of  the  inner  plain  a  small  central  mountain  raises  itself." 

*12(x).  The  central  craterlet  in  IV  A*  "  4"-47,  mag.  0-26.    The  ninth  in 
order  upon  area  IV  A0,  position  second  order  x  12  on  W.  rim.     This  crater- 
let  appears  to  be  destitute  of  a  raised  wall,  and  is  more  of  the  cha-    p-    3 
racter  of  a  dimple  at  the  summit  of  the  circular  hill  composing      ^L ' 
IV A0 ll.      With  a  morning  terminator  advanced  a  little  beyond      ^J 
Copernicus  the  shadow  is  crescentiform ;  proportion  to  illuminated       ▼ 
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interior  as  1 :  1*75  (see  fig  3),  breadth  of  shadow  1"'61  +,  illuminated  inte- 
rior 2;'-89±. 

*13(x).  A  mountain-range  forming  the  N.W.  portion  of  the  boundary  of  the 
partly  enclosed  plain  IV  A^  2  IV  Av  8 ;  it  is  gently  curved.  Its  W.  por- 
tion is  IVA/X.  The  central  part  is  hollowed  interiorly;  length  13"*42; 
breadth  of  base,  the  E.  part,  7''-18,  the  central  part  6"-71,  the  W.  part  6"-71. 

**14(x).  The  northern  of  three  very  conspicuous  craters,  W.  of  Hipparchus, 
which  are  seen  under  every  variety  of  illumination,  the  second  in  order  on 
area  IV  A*,  11"-19,  mag.  0-66,  E  of  B.  &  M.  7°  of  brightness,  G  of  Lohr- 
mann,  Sec.  I.,  8°  of  brightness.  Position  second  order  x  14, 
•0138  W.S.W.  of  photogram.  It  is  N.W.  of  Horrox,  and  *£^ 
has  a  small  shallow  crater,  IV  A^  16,  adjoining  it  on  the  S.E. 
It  is  situated  very  nearly  on  the  border  of  the  high  land  form- 
ing the  W.  border  of  Hipparchus.  It  appears  from  the  pho- 
togram to  be  very  deep.  With  a  morning  terminator  ad- 
vanced beyond  Copernicus,  long.  21°  E.,  the  interior  shadow  of  the  W.  rim 
is  still  gibbous,  the  E.  interior  sloping  upwards  from  it  to  the  E.  rim.  At 
this  stage  of  illumination  the  proportion  of  shadow  to  illuminated  interior 
is  as  1 : 1-667  (see  fig.  4).  Breadth  of  shadow  4"-20,  of  illuminated  inte- 
rior 6"-99. 

15 (x).  A  small  shallow  crater  adjoining  IV  A^  u  on  the  S.E.,  the  sixth 
in  order  upon  area  IV AP.  It  is  shown  by  B.  &  M.  and  Lohrmann. 
Longest  diameter  6"*25,  shortest  5"'31,  mag.  0*32.  It  is  situated  on  the 
very  border  of  the  high  land  W.  of  Hipparchus,  and  on  the  "  fault "  IV  A* ll 
IVA^IVA'W 

**16(x).  Hoerox*. — The  largest  crater  on  area  IV  A0.  It  is  marked  b  on 
B  (feM.'smap,  232  on  Lohrmann's,  and  F  onLohrmann's  Sec.  I.  Position  second 
order  x  16,  -0204  W.  of  IV A*  ^  on  photogram.  Longest  diameter  E.  by  N.- 
W.  by  S.  (nearly)  19"-67,  shortest  N.  by  W.-S.  by  E.  17"-43,  mag.  1-17. 
B.  &  M.  record  a  brightness  of  3°  for  the  interior,  and  5°  for  the  border, 
when  seen  under  favourable  circumstances.  Lohrmann's  value  is  from  4°  to 
5°.  Its  form  consists  of  a  semiellipse  on  the  east  side,  and  two  nearly  rec- 
tilineal walls  on  the  W.,  which  are  inclined  to  each  other  at  an  obtuse  angle. 
It  has  a  low  central  hill,  TV  A0  ffl,  but  not  a  very  level  floor,  on  which  are 
two  hillocks,  IV  A0  a  and  IV  A^  34.  The  interior  is  probably  bowl-shaped. 
The  E.  interior  slope  rises  from  this  floor,  and  with  a  morning  terminator 
advanced  beyond  Copernicus  is  brightly  illuminated;  the  E.  p.  * 
boundary  of  the  shadow  of  the  W.  border  is  nearly  rectilinear. 
Proportion  at  this  stage: — shadow  to  illuminated  portion  as 
1 : 1-509  (see  fig.  5)  ;  breadth  of  shadow  7"'84,  of  illuminated 
interior  ll"-83.  There  are  two  ridges  on  the  interior  W.  slope. 
Horrox  appears  as  an  isolated  crater  on  the  lower  level  of  the  N.W.  part  of  Hip- 
parchus. The  space  between  the  N.W.  wall  of  Horrox  and  the  fault  IV  A?  ll 
IV  A^30  IV  Aft  73  is  mentioned  by  Lohrmann  as  a  narrow  valley  (Topographic 
der  sichtbaren  Mondoberflache,  sec.  i.  p.  50).  This  appears  to  be  the  mouth 
of  the  valley  IV  A*  3l  IV  Aa  ",  in  which  is  the  depression  IV  A*  *. 

17.  HiPPARCHU8b. — Lohrmann's  Map  233.  The  north-western  part.  This 
formation  is  described  in  the  letterpress  to  areas  IV  Aa,  IV  A£,  pp.  12,  13, 
end  in  the  Report  of  the  Brit.  Assoc.  1866,  pp.  248,  249.    As  it  is  only  seen 

•  Named  in  commemoration  of  Mr.  Horrox,  who  computed  and  observed  the  transit  of 
Venus  in  the  year  1639. 

*  Named  by  Riccioli  in  commemoration  of  Hipparchus,  who  compiled  the  first  catalogue 
of  the  fixed  stars  in  the  second  century  before  our  era. 
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to  advantage  shortly  after  the  time  of  sunrise  and  a  little  before  sunset,  and 
is  lost  to  view  as  a  separate  formation  under  a  high  illumination,  to  mark 
more  clearly  the  territory  of  which  it  forms  the  western  part,  and  which  is  of 
a  much  more  individual  character  than  Hipparchus,  it  is  proposed  to  group 
the  various  objects  which  this  territory  contains  under  the  general  designation 
of  "  Terra  Astronomical  as  suitable  for  the  district,  a  portion  of  which  is  com- 
memorated by  the  name  of  the  greatest  astronomer  of  his  time,  and  which  is 
surrounded  by  walled  plains  and  craters,  named  in  commemoration  of  cele- 
brated ancient  and  modern  astronomers.  The  term  is  also  suitable  as  a  com- 
panion to  the  region  in  the  south,  which  has  been  named  "  Terra  PTwtogra- 
phica"  to  commemorate  the  labours  of  De  La  Rue  in  Celestial  Photography, 
See  Report,  1865,  p.  305. 

Terra  Astronomica. 

An  extensive  formation  situated  on  the  following  areas  : — 

IV  A"     IV  AC    III  AC 
IV  A*    IV  Aa    niAa 

It  is  N.  of  Albategnius,  N.W. 

of  Ptolemasus,  and  extends  from 

these  walled  plains  as  far  N.  as 

the  equator. 

This  interesting  region  may 

be  described  under  the  heads  of 

" Boundaries "  and  "Interior 

Formations."  f        J  «\~*  ^^Vn  *,,„*„ 

Boundaries.  —  Commencing 

at  the  angle  formed  by  the     __         \  ^^  (^         j    \y^  ("^  m  A  a  9 

junction  of  the  walls  of  Alba- 

tegnius  and  Ptolemceus,  at  which 

point  we  find  the  crater  IV  AC12, 

and  proceeding  W.N.W.  as  far 

as  the  small  crater  IV  AC  *», 

along  the  crest  of  a  range  of 

hills    on    which    IV  AC  86   jg 

situated  upon  the  highest  point,  we  traverse  the  common  boundary  of  Terra 

Astronomica  and  Albategnius.  At  the  point  IV  AC33  we  leave  Albategnius,  and 
proceeding  along  IV  AC2*,  we  arrive  at  the  mountain  IV  AC29,  on  the  E.  of 
HaUey,  which  is  a  fine  crater  just  exterior  to  the  S.W.  border  of  Hippar- 
chus.  From  the  N.  angle  of  Halley,  the  cliff  IV  An  16,  terminating  the  high 
land  from  IV  A*3  to.  IV  A116  facing  Hipparchus  and  forming  the  continua- 
tion of  its  S.W.  border,  proceeds  in  nearly  the  same  direction  as  IV  AC  26 
towards  the  depression  IV  A' 6.  This  cliff  terminates  with  the  peak  IV  An  19, 
a  of  B.  &  M.  and  29  of  Sec.  I.  of  Lohrmann ;  but  the  range  of  mountains 
of  which  it  forms  a  part  preserves  its  nearly  rectilineal  direction  from  the 

junction  of  the  S.W.  border  of  Ptolwnceus  with  the  N.W.   border  of  Al- 

phonsus  to  Bitter  and  Sabine  (see  ante,  p.  13).  It  is  between  this  cliff  and 
IV  A0  19  that  we  meet  with  certain  valleys  which  break  through  the  wall 
of  Hipparchus,  viz.  IV A" w  and  IV A"6.  N.W.  of  IV A"6  is  the  peak 
IV  A' 2°,  30  Sec.  I.  of  Lohrmann,  immediately  adjoining  which  on  the  N.W.  is 
the  long  narrow  valley  IV  A? u,  described  by  Julius  Schmidt  as  a  crater-rill 
(cleft)  in  his  Catalogue  of  Rills,  No.  362.     The  openings  of  these  valleys  to- 


Digitized  by 


Google 


22  bjsport— 1868. 

wards  Hipparchus  impart  a  somewhat  curvilinear  form  to  the  boundary  here- 
about. From  the  N.E.  end  of  IV  A"  u,  which  lies  in  the  depression  IV  A*  81, 
as  far  as  the  E.  edge  of  the  crater  IV  A0  u,  the  boundary  is  nearly  rectilinear 
and  nearly  coincident  with  the  "  fault "  IV  A" ll,  IV  A*  »  IV  Aft  ?2,  which, 
probably  originating  in  the  crater  IV  Aq  a,  has  either  elevated  the  surface  on 
the  W.  or  depressed  the  surface  of  the  W.  portion  of  Hipparchus,  so  that  it  is 
considerably  below  the  high  land ;  between  IV  A^ 19  and  IV  A^ 14  this  high  land 
rises  into  the  peaks  IV  A^  M  and  IV  A^  47.  At  the  crater  IV  A0  u  this  portion 
of  the  boundary  forms  a  very  obtuse  angle  with  the  valley  IV  A^  8l  IV  Aa  77, 
which  extends  as  far  as  the  N.  end  of  IV  Aa  10.  Here  the  boundary  becomes 
indistinct.  Beer  and  Madler,  who  do  not  give  the  "  fault "  nor  the  valley, 
show  the  boundary  as  turning  E.  at  IV  A*  w,  passing  the  cliff  or  mountain 
IV  A'1*  at  the  S.  end  of  IV  A*10,  and  passing  along  the  depressions  IV  A'12 
and  IV A*  u  (neither  of  which  they  show),  proceeding  to  the  crater  IV  Aa  7, 
and  further  continued  parallel  with  the  W.  mountainous  border  (IV  AC  4?) 
of  IVAi24,  Lohrmann'8  W,  Sec.  I.,  through  the  crater  IV  AC6  to  or  near 
the  small  crater  IV  AC  38.  The  dotted  line  shows  the  approximate  direction 
of  the  N.  and  S.E.  boundaries  as  given  by  B.  &  M.  and  Lohrmann.  Lohr- 
mann  in  Sec.  I.  indicates,  although  not  very  distinctly,  the  "fault"  and 
valley. 

The  N.  and  S.E.  boundaries  of  Hipparchus,  as  laid  down  by  B.  &  M.  and 
Lohrmann,  are  by  no  means  so  distinct  on  the  photogram  as  shown  on  the 
map  and  section.  The  natural  boundary  of  the  large  formation  Terra  As- 
tronomica  appears  to  be  continued  from  the  junction  of  the  valley  IV  A^ 81 
IV  Aa  77  with  the  "  fault "  IV  A"  "  IV  A*  »  IV  Aa  »,  along  the  higher  land 
between  the  valley  and  Rhceticus,  through  the  S.E.  mountainous  border  of 
Rhceticus  to  the  N.E.  angle  of  Rhceticus  N.  of  the  equator ;  it  then  trends 
E.S.E.  along  the  S.W.  border  of  the  Sinus  Medii  to  the  N.  border  of  the  little 
plain  N.E.  of  Reaumur.  From  thence  it  trends  E.  to  the  mass  of  high  land 
on  the  N.W.  border  of  Lohrmann's  TJ,  Sec.  L,  III  A'1,  the  W,  border  of  which 
carries  it  on  to  the  circular  "  tableland"  III  Aa  9,  N.  of  Herschel ;  the  W.  edges 
of  this  "  tableland  "  and  Herschel  bring  us  to  the  N.  of  Ptolema»us,  the  N.W. 
border  of  this  walled  plain  being  common  to  Ptolenueus  and  Terra  Astro- 
nomica. 

Within  the  boundary  now  traced  out,  a  more  or  less  individualized  forma- 
tion will  be  found  ;  and  as  no  part  has  received  a  distinct  name  except  the 
S.W.  ("  Hipparchus  "),  the  whole  may  not  inappropriately  be  termed  '•  Terra 
Astronomical 

Intemok  Formations. — These  may  be  characterized  as  Giffe,  Lines  of 
Upheaval*,  Mountains,  Plains,  Depressions,  Faults,  and  Craters. 

Cliffs. — Two  well-marked  lines  of  cliffs  cross  the  Terra  Astronomica  in 
divergent  directions  from  the  N.W.  angle  of  Rhceticus.  They  are  both  di- 
stinct on  the  photogram. 

The  W.  line  of  cliffs  from  the  N.W.  angle  of  Rhceticus,  along  its  W.  border, 
passes  W.  of  IV  Aa  10,  through  the  W.  part  of  Hipparchus,  past  the  prominent 
cliff  IV  AC  s8  (where  the  curved  chain  IV  A£68  branches  from  it)  towards  the 
space  between  IV  AC  27  and  IV AC  *»  through  the  middle  of  IV  AC  *,  to  IV AC  *», 
on  the  N.E.  border  of  ATbatcgnius.  Leaving  Hipparchus,  this  line  of  cliffs 
crosses  the  N.E.  part  of  Albategnius,  and  terminates  on  the  E.  border  of  the 
crater  IV  AA6,  on  the  E.  of  Albategnius.     The  faces  of  these  cliffs  are  of  a 

•  The  lines  of  upheaval  and  depression  upon  areas  IV  Aft,  IV  AC  are  tabulated  and  de- 
scribed in  the  letterpress  to  those  areas,  pp.  33  to  39,  and  Brit.  Assoc.  Report,  1866, 
pp.269to275. 
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gently  sloping  character,  are  directed  towards  W.  by  N.,  and  in  "  Full  Moon" 
the  line  is  seen  as  a  "  Ray  "  from  "  Tycho."  See  letterpress,  areas  IV  A*, 
IV  AC,  pp.  31  and  32,  and  Report  Brit.  Assoc.  1866,  pp.  267,  268.  Neither 
B.  &  M.  nor  Lohrmann  give  this  line  of  cliflfe. 

The  N.E.  line  of  cliffs  (direction  N.W.-S.E.)  is  a  portion  of  a  somewhat  in- 
terrupted line  which  extends  from  the  E.  border  of  Ptolemceus  to  a  mass  of 
high  land  E.  of  Agrippa.  In  crossing  the  Terra  Astronomica  from  the  W. 
border  of  Herschel,  it  is  slightly  curved,  the  convexity  being  towards  the 
S.W.  and  the  faces  of  the  cliffs  towards  the  N.E.  The  altitude  may  be  about 
equal  to  the  lower  portions  of  the  mountainous  border  of  Ptolemceus.  It  is 
very  imperfectly  represented  on  B.  &  M.'s  and  Lohrmann's  maps,  but  it  may 
be  traced  on  Lohrmann's  Sec.  I.,  although  the  character  of  a  range  of  cliffs 
is  not  given.  Passing  along  the  range  from  Herschel  towards  the  N.W.,  we 
find  it  first  cut  through  by  the  valley  III  Aa  3  III  AC2 ;  and  parallel  with  this 
valley  on  the  N.W.  is  a  short  mountain-arm,  which  springs  from  the  line  of 
cliffs,  and  probably  forms  the  highest  part  of  the  boundary  of  the  valley  on 
the  N.W.  Itjs  next  cut  by  a  "  fault,"  III  Aa  8  and  III  AC  «,  which  will  be 
hereafter  described.  Just  W.  of  this  "  fault "  is  the  crater  IV  Aa  6  III  Aa  I0, 
which  is  situated  on  the  line  of  cliffs  and  appears  to  be  its  culminating 
point.  From  thence  the  line  is  continued  to  the  S.  edge  of  JReaumur,  and 
merges  into  the  S.W.  and  W.  border  of  Reaumur,  of  which  IV  Aa  6  is  the 
highest  point  From  the  W.  border  of  Reaumur  the  crater  IV  Aa  4  appears 
to  connect  it  with  the  short  mountain -chain  IV  A*16,  which  joins  the  S.E. 
border  of  Rhceticus.  This  line  of  cliffs  is  more  strongly  marked  on  the 
photogram  than  the  boundary  of  Hipparchus,  as  shown  by  B.  &  M.  and 
Lohrmann. 

Mountains. — The  isolated  mountains  on  this  formation  are  but  few ;  the 
most  important  are  IV  AC  3°  and  IV  AC  8l  on  the  subformation  IV  AC  26.  The 
remainder  are  either  cliffs  or  mountain-borders  of  depressions  and  plains. 

Plains. — Three  distinct  plains  may  be  specified  as  occurring  on  this  forma- 
tion— Lohrmann's  W,  Sec.  I.,  Reaumur,  and  the  small  plain  N.E.  of  it.  They 
are  all  surrounded  by  mountain-borders.  To  these  may  be  added  the  S.W. 
part  of  Hipparchus,  W.  of  the  westerly  line  of  cliffe,  which  is  the  most  level 
part  of  the  formation. 

Depressions. — The  most  remarkable  and  important  of  these  is  the  valley 

III  Aa  2  HI  AC  2,  N.W.  of  Herschel,  crossing  the  N.E.  line  of  cliffs ;  and  next 
is  IV  A*10,  which  is  fully  described  under  the  symbols  IV A*10,  IV  A"42  in 
letterpress  to  areas  IV  Aa,  IV  AC,  pp.  14  &  17,  and  Report,  Brit.  Assoc.  1866, 
pp.  250  and  253.  IV  Aa  u,  IV  A"13  may  also  be  included.  In  addition  a 
large  depression,  IV  AC 12a,  is  found  between  two  ridges,  which  extend  from 

IV  Aa  7  and  IV  Aa  »  to  IV  AC  M.  It  is  well  shown  in  De  La  Rue's  photogram 
of  Feb.  22,  1858,  and  another,  IV  AC  i»  between  the  crater  IV  AC  i  and  the 
mountains  IV  AC  w  and  IV  AC  «. 

The  most  remarkable  subformation  on  Terra  Astronomica  is  IV  AC  2*,  a 
careful  description  of  which  will  be  found  under  its  symbol  in  letterpress 
to  areas  IV  Aa,  IV  AC,  pp.  24  and  25,  and  Report  of  British  Association,  1866, 
p.  261. 

Faults. — In  addition  to  the  "  fault "  on  the  W.N.W.  boundary,  a  remark- 
able one,  III  A*  8  III  AC1**,  extends  from  the  N.W.  border  of  Ptolemams  to  the 
E.  border  of  Reaumur.  It  crosses  the  space  between  Ptolemams  and  the 
plain  IV  A*9  IIIAft*  III  AC  "  IV  AC  **  (W,  Lohr.  Sec.  I.),  grazes  the  S.W. 
extremity  of  the  valley  III  Aa  2  III  AC  2,  N.W.  of  Herschel,  and  then  traverses 
the  plain,  just  grazing  the  E.  edge  of  the  crater  III  A" 10,  where  it  cuts  the 
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line  of  cliffs  in  AC  w  HI  A*  *,  IV  Aa  8.  From  thence  the  "  fault "  extends 
to  the  E.  edge  of  Reaumur ;  its  face  is  towards  the  E. 

This  "  fault "  is  not  unlike,  but  lower  in  altitude  than,  Straight  Wall.  It 
is  not  so  prominent  an  object  as  Straight  Wall,  which,  occurring  throughout 
its  entire  length  on  a  plain,  is  very  easily  seen,  whereas  the  "  fault  "  now 
under  notice  traverses  a  variety  of  surface,  and  is  moreover  surrounded  by 
striking  and  conspicuous  objects,  among  which  it  may  readily  be  overlooked. 
It  is  nevertheless  an  interesting  object. 

Craters. — The  following  is  an  enumeration  of  the  craters  and  craterlets 
at  present  recorded  as  existing  on  or  within  the  boundaries  of  the  Terra 
Astronomiea,  as  now  described. 

Area  IV  AC. 


1. 

2. 
3. 

IVAfia  .. 
IVA<T«  .. 
IV  A^  .. 

In  the  8.E.  angle     

B.  &  M.  G. 

L. 
L. 

Ph. 
Ph. 

On  S.E.  portion  S.W.  of  IV  A£  * 
„     „         „       S.oflVA^. 

4. 

IV  AO   .. 

„     „         „       S.W.  oflVAfi.. 

B.  &  M." 

L. 

Ph. 

5. 

IV  AH   .. 

>>     »         »        

B.  <fcM. 

L(x). 

Ph. 

6. 

IV  AO   .. 

„     „         „       N.oflVAO     .. 

B.  <fc  M.  K. 

L. 

Ph. 

7. 

IVA£*i  .. 

„     „         „       E.oflVA**     .. 

B.  &M. 

8. 

IVA<r». 

„     „         „       W.oflVA^    .. 
These  seven  craters  form  a  fine 
and  conspicuous  group. 

B.&M. 

9. 

IV  A£13  .. 

Between  IV  AC  l  and  Ptolemseus . . 

B.&M. 

10. 

IV  A£"  .. 

99                    99                  99                        » 

B.&M. 

11. 

IV  AC*  .. 

»                    »                  5>                        » 

B.  &M. 

12. 

IV  A<18.. 

»                    99                  99                        » 

B.&M. 

13. 

IVA£">.. 

»                    »                  »                        » 

These  five  craters  form  a  "  row" 
connecting   IV  AC  *   with  the 
N.W.    border    of  Ptolemocus. 
B.  &  M.  give  six.    See  letter- 
press, areas  IV Aa,  IV  AC,  p.  23. 
IV A<19.  The  "crater-row"  ap- 
pears as  a  lucid  streak  on  the 
photogram,  but  is   easily  re- 
solvable in  the  telescope. 

B.&M. 

14. 

IV  AP2*.. 

N.  oflVA^a. 

15. 

IV  A<"*.. 

N.  ofIVA<". 

16. 

IVAO»  .. 

On  the  S.  end  of  IV  AC*. 

17. 

IVA£*>  .. 

A  crater*  W.  of  the  mountain- 
arm,  IV  AC«. 

18. 

IV  A*112.. 

S.S.W.  oflVA^. 

19. 

IV  A*"*.. 

S.E.  of  IV  A<  iw. 

_ 

■  This  crater  is  one  of  a  class  which  has  been  but  recently  suspected  to  exist  on  the 
moon,  and  of  which  the  crater  Linni  in  the  Mare  Serenitatis  was  probably  the  first 
observed.  The  principal  characteristic  of  this  class  of  objects  consists  in  the  occasional 
obscuration  of  the  crater-form,  nothing  being  seen  but  a  white  spot,  which  is  very  often 
indistinct  and  undefined  in  its  outline.  In  the  case  of  Linni  this  white  spot  has  been 
observed  to  present  itself  rather  suddenly.  See  Astronomical  Register,  No.  60,  Dec.  1867, 
p.  254.  The  observations  of  IV  A* 89  will  be  found  in  the  same  work,  No.  62,  Feb.  1868, 
p.  43,  and  also  in  the  Proceedings  of  the  Manchester  Literary  and  Philosophical  Society, 
▼ol.  vii.  p.  73. 
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Area  IV  AC  (cortfin !<>•</). 


20. 

rvA<i«.. 

E.  of  IV  AC  m  and  IV  AC  «».          ,                     i 

t 

21. 

IVAC«   .. 

AconspicuouscraterW.  of  IV  Ad.  ,  B  Jb  M.  i.  'L.3.V  Ph. 

22. 

IVAC«  .. 

Between  the  N.E.  border  of  Alba-  | 

tegnius  and  IV AC*.     On  the  ! 

23. 
24. 

IVAC«  .. 
IVAC«.. 

W.  line  of  cliflfe ' 

PL 
Ph. 

Between  IV  AC "  and  IV  AC*    ..' 

N.W.  of  IV  AC". 

25. 

IV  ACM  .. 

N.W.  of  IV  AC  ». 

26. 

IV  AC*  .. 

N.W.  of  IV  AC  *. 

27. 

IVAC*>.. 

8.  of  IV  AC  ». 

28. 

IVAC».. 

On  W.  line  of  cliffs  8.  of  IV  AC  «. 

29. 
30. 
31. 
32. 

IV  AC"  .. 

ivac«  .. 

IV  AC".. 
IVACi°<>.. 

W.S.W.  ofIVAC« 

Ph. 
Ph. 
Ph. 

N.W.  of  IV  AC  « 

N.N.W.  of  IV AC" ! 

In  the  lineof  anciont  wall  of  IV  AC58 

33. 

IVAC«  .. 

N.  of  IV  AC  » 

34. 

IV AC®  .. 

N.E.  of  IV  AC®. 

36. 

IV AC"  .. 

N.E.  of  IV  AC  «. 

Area  HI  A*. 


36. 


niA*w. 


On  N.E.  line  of  clifife 


B.  &  M.  A. 


L.92'  Ph. 

i 


Area  IV  A*. 


37. 

38. 

39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 

52. 

53. 
54. 
55. 
56. 
57. 

IV A**    .. 

IV Aa*  .. 
IVA**>  .. 
IV A*8*  .. 
IV A*"  .. 

IVAa«   .. 
IV  A- 7    .. 
IV  A*  17  .. 

IV Aa22  .. 
IVAtts»  .. 
IV A*24  .. 
IVAa»  .. 
IVAa*>  .. 
IVAai«  .. 
IVAa78  .. 

IV  A*44  .. 

IVAa«  .. 
IVAa4«  .. 
IVAa«>  .. 

IVAa»7.. 
IVAaw  .. 

Central    in    the    depressed  tract 
IVA*  u 

I 

B.  &  M.  H. 

T„ 

Ph. 

Ph. 
Ph. 
Ph. 
Ph. 
Ph. 
Ph. 
Ph. 
Ph. 

Ph. 

Ph. 

Ph. 
Ph. 
Ph. 
Ph. 
Ph. 
Ph. 

N.  of  IV  A**. 

W.N.W.  of  Reaumur. 

On  S.8.W.  border  of  Reaumur. 

On  the  8.  border  of  Reaumur 

The  W.  part  of  the  crater  III  A*i° 
Between  Horrox  and  III  Aa  i° 
The  N.  part  of  the  crater  IV  AC  *> 
8.E.  ofIVAa7     

B.&M.A. 
B.  &  M.  F. 

L.92 
L. 

8.E.  ofIVAa23     1 

N.N.E.  of  IVA*7    1 

N.W.  of  IV  A**4 

E.  oflVA**4. 

8.E.  of  Horrox    

B.  &M. 

L. 

In  the  angle  between  IV  A"  w  and 
IVA*48    

The   southern  craterlet    on  I  the  j 

ridge  IV  A*43 1 

The  middlo  craterlet  on  IV  Aa  ^ 

The  northern  craterlet  on  IV  Aa4n 

At  the  N.  end  of  IV  A**8    

The  southern  craterlet  in"  IV  A*  M 

The  northern  craterlet  in  I V  Aa  & 
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Area  IV  A<*. 


58. 

IV  A*16  .. 

Hobbox. — The  most  conspicuous 
crater  on  Terra  Astronomica, 
mag.  =  1*17 

B.  &  M.  b. 

L.F. 

Ph. 

The  initials  B.  &  M.  signify  that  the  crater  is  to  be  found  in  Beer  and 
Madler's  Map,  L.  in  Lohrmann's  Sections,  and  Ph.  on  De  La  Rue's  and 
Kutherford's  Photograms. 


18(x).  A  depression  W.  of  Horrox  and  the  W.  border  of  Hipparchus,  nearly 
midway  between  IV  A^ 14  and  IV  A^ 19.  It  is  very  irregular  in  form,  and 
filled  with  a  mountain -mass  which  gradually  ascends  from  the  W.  and  N.  to 
the  very  border  of  Hipparchus.  This  mountain-mass  rises  from  the  W.  foot 
of  IV  A/ 18,  and  culminates  in  the  peak  IV  Afi  88,  which  is  the  highest  point 
in  the  W.  border  of  Hipparchus.  It  has  upon  it  a  white  spot,  IV  A^  w,  just 
where  the  rise  commences  towards  Hipparchus.  This  spot  is  probably  the 
small  crater  given  by  B.  <fc  M.  and  Lohrmann*.  It  presents  an  appearance 
analogous  to  that  of  Linne,  both  on  the  photogram  and  as  seen  in  1867,  and 
should  be  watched  attentively  from  time  to  time.  It  spreads  gradually  from 
a  bright  centre,  and  degrades  in  brilliancy  as  the  valley  at  the  foot  of  the 
mountain-mass  is  approached.  The  brightness  of  IV  A*  87  scarcely  equals 
that  of  Linni  on  Rutherford's  photogram,  1865,  March  6. 

A  mountain-crest  crosses  IV  A* 18  from  N.W.  to  S.E.,  the  N.E.  side  being 
filled  with  the  mountain -mass  IV  A^47,  which  also  culminates  on  the  border 
of  Hipparchus.  Between  IV  A^  w  and  IV  A^  47  is  an  inlet,  IV  A^  48,  in  the 
mountain  -border  facing  the  plain  W.  of  Horrox.  IV  A^18  appears  as  a 
somewhat  large  bright  spot  in  full  moon,  but  is  not  a  very  conspicuous  object 
at  other  times. 

**19(x) .  The  middle  of  three  very  conspicuous  craters  W.  of  Hipparchus  (see 
IV  A* 14).  It  is  G  of  B.  &  M.,  who  record  it  as  of  7°  of  brightness,  and  E 
of  Lohrmann's  Sec.  I.  It  is  the  third  crater  in  order  upon  area  IV  A*.  Its 
longest  diameter  measures  9"'42,  and  shortest  8"-48,  mag.  0-53.  This  crater 
is  very  deep,  and  has  a  small  crater,  IV  A^  21,  adjoining  it  on  the  Fig.  7. 
N.E.  It  is  situated  on  the  sloping  edge  of  the  high  land  W.  of 
Hipparchus,  ard  in  the  angle  formed  by  the  intersection  of 
the  fault  IV  A*"  IV  A*2*  IV  Aa73  with  the  fault  IV  A"28 
IV  A*  «  (see  letterpress  to  areas  IV  Aa,  IV  AC,  pp.  19,  20, 
and  Report  Brit.  Assoc.  1866,  pp.  255,  256).  With  a  morning 
terminator  advanced  beyond  Copernicus,  the  inter?  or  shadow  of  the  "W.  rim  is 
decidedly  gibbous  (see  fig.  7),  the  E.  interior  sloping  upwards  from  it  to  the 
E.  rim.  Breadth  of  shadow  at  this  stage  of  illumination  3"'78,  of  illuminated 
interior  4"*71.  The  proportion  of  shadow  to  illuminated  interior  of  the 
E.  slope  is  as  1 :  1*25.  This  is  not  so  small  as  the  proportion  of  shadow  to 
tho  bright  interior  of  the  crater  IV  A*  M ;  and  this,  with  the  shadow  of 
IV  A* 19  being  more  gibbous  than  that  of  IV  A* 14,  indicates  that  IV  A*  *•  is 
the  deeper  crater. 

The  form  of  IV  A* 19  departs  very  considerably  from  that  of  a  circle ;  the 

•  18C8,  May  ld  0h  45»  G.M.T.,  it  was  Been  with  the  Crossley  equatorial,  73-in.  aper- 
ture, most  unmistakeably  as  a  crater  with  gibbous  interior  shadow  of  about  *33  of  the  dia- 
meter. On  May  2d  7h  25m  G.M.T.,  it  exhibited  some  approximation  to  the  class  of  "light- 
centres."     See  Brit.  Assoc.  Report,  1S66,  p.  218. 


Fig.  7. 


Digitized  by 


Google 


ON  MAPPING  THE  8URPACE  OF  THE  MOON.  27 

S.W.  edge  is  nearly  but  not  quite  straight.  It  is  slightly  curved,  with  the 
convexity  towards  the  centre  of  the  crater.  This  edge  measures  5"-78.  The 
curvature  of  the  remainder  of  the  rim  is  much  greater,  and  the  convexity 
outwards. 

20(x).  Part  of  the  "  fault "  from  IV  A'  *  to  Ehceticus.  This  fault  is  fully 
described  under  IV  A* w  in  letterpress  to  areas  IV  Aa,  IV  AC,  pp.  19,  20,  and 
Eeport  Brit  Assoc  1866,  pp.  255,  256. 

21  (x).  A  craterlet  opened  on  the  8.  slope  of  the  mountain  IV  A*  **  and 
adjoining  IV  A* 19  on  the  N.E.  It  is  shown  by  B.  &  M.  but  not  by  Lohrmann, 
and  is  the  eighth  in  order  upon  IV  A^.  Longest  diameter  (wliich  aligns  with 
N.W.  angle  of  IV  A*  19,  and  S.  angle  of  IV  A?  i*)=5"-31.  Diameter  at  a  right 
angle  to  the  normal  line,  viz.  a  line  joining  N.  edge  of  Dionysius  and  the  8.  edge 
of  Agrippa ,=3" *54,  mag.  0*26.  With  a  morning  terminator  advanced  beyond 
Copernicus,  the  interior  shadow  of  the  W.  rim  is  crescentifonn,  the  chord 
being  at  a  right  angle  to  the  direction  of  the  longest  diameter ;  breadth  of 
shadow  2"-70,  of  illuminated  interior  3"-17.  Proportion  of  shadow  to  illu- 
minated interior  as  1 :  1*174.  It  is  deeper  than  the  somewhat  similarly 
situated  crater  IV  A* 15. 

This  craterlet  is  well  situated  for  observing  the  effect  of  libration  on  the 
precipitous  W.N.W.  wall  of  Hipparchus.  This  wall,  which  has  a  direction 
S.S."W".-N.N.E.,  is  at  times  brought  by  libra jion  into  such  a  position  that 
the  eye  looks  along  its  E.8.E.  slope ;  but  when  the  iroon  is  in  the  opposite  part 
of  her  orbit,  it  is  so  situated  with  regard  to  the  eye  that  the  slope  is  more 
readily  seen,  and  probably  a  portion  of  it  lower  than  the  craterlet  may  be 
detected.  In  the  latter  case  it  would  really  be  further  from  the  eye ;  but  the 
slope  would  be  seen  under  a  larger  angle,  while  the  craterlet  would  by  fore- 
shortening be  seen  under  a  smaller  angle  ;  the  difference,  however,  would  be 
but  slight,  and  scarcely  appreciable  by  the  eye. 

22 (x).  A  small  eminence  nearly  central  in  IV  AP  l6(fforrox),  diameter  3"'17. 

23.  A  small  hillock  in  IV  A* ld  N.N.E.  of  IV  A*  **. 

24.  A  small  hillock  in  IV  A*  w  8.8.E.  of  IV  A*  ». 

25(x).  The  lower  part  of  the  E.  interior  slope  of  IV  A*16.  The  uppet- 
part  is  IV  Aa**. 

26.  A  mountain  N.  of  Horrox;  length  of  crest  4"'94,  breadth  of  base  3"*6, 
This  mounta;n  is  elevated  on  the  N.  slope  of  IV  0 16. 

27.  A  mountain  W.N.W.  of  IV  A*  ** ;  length  of  crest  4"-01,  breadth  of  base 
4"*01.  The  crest  of  this  mountain  is  a  continuation  of  that  of  IV  A^  M9  with  a 
slight  break  between  them.  The  W.  end  is  separated  from  the  E.  exterior 
slope  of  IV  A*  M  by  a  narrow  valley  which  lies  in  the  line  of  fault  IV  A*  2°, 
and  opens  into  the  broader  valley  IV  A^  31  (see  IV  A*  81). 

28*  A  crateriform  depression  on  the  N.W.  slope  of  Horrooo ;  diameter  6"'13, 
mag.  0-30. 

**29(x).  A  mountain  W.  of  Rhaticus.  Well  shown  by  Lohrmann,  S.  of 
his  62,  Sec.  I.,  but  indifferently  by  B.  &  M.  Length  of  crest  6"-71,  breadth 
of  base  8"-02.  This  mountain,  with  IV  A*63  (Lohrmann's  62,  Sec.  I.),  forms 
the  W.  part  of  the  secondary  rampart  around  Rhafticus  (see  letterpress  to 
areas  IV  Aa,  IV  A£,  p.  12,  and  Report  Brit.  Assoc.  1866,  p.  248). 

30(x).  A  depression  N.  of  IV  A*26;  length  E.-W.  10' -25,  breadth  N.-S. 
6"*25.  This  depression,  which  is  very  shallow,  lies  in  tho  valley  IV A*81, 
and  also  in  the  line  of  cliffs  IV  Aa  W.N.W.-E.S.E.,  No.  1  (see  letterpress, 
areas  IV  Aa,  IV  A£,  p.  34,  and  Report  Brit.  Assoc.  1866,  p.  270).  The 
fault  IV  A"  «  IV  A*  *>  IV  Aa  72  appears  to  have  dislocated  this  depression, 
as  there  is  the  appearance  of  tho  W.  part  on  the  higher  level  west  of 
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the  "  fault."  It  is  not  a  little  remarkable  that  while  a  range  of  cliffe 
somewhat  of  the  same  nature  as  IV  Aa  W.N.W.-E.S.E.,  No.  1,  extends 
from  IV  A^ 13  towards  Horrox,  the  craters  IV  A^  u  and  IV  A^15  with  Hor- 
rox forming  its  S.E.  portion,  the  crater  IV  A^3,  and  the  cliffs  IV  A^ 4, 
IV  A*  w  IV  A*  «,  and  I V  A  *  **  lie  in  the  prolongation  of  IV  Aa  W.N.W.- 
E.S.E.,  No.  1.  Does  this  point  to  a  focus  of  upburst  in  the  neighbourhood 
of  Horrox,  contemporaneous  with  the  fault  IVA"  u  IV  A*  2°  IV  Aa*3,  and 
marked  by  the  three  large  openings,  Horrox,  IVA^14,  and  IV  A*19?  If 
so,  the  line  of  cliffs  extending  from  IV  Aa  6l  to  IV  A^  13  would  probably 
be  more  ancient  than  the  "  fault,"  the  upburst  occurring  S.  of  the  line  of 
cliffs.  It  is  to  be  remarked  that  on  the  line  of  cliffs  a  few  small  craters 
only  are  found,  of  which  IV  A" 7  and  IV  A^  3  are  the  principal,  scarcely 
exceeding  8"  in  diameter,  and  at  a  considerable  distance  from  each  other. 
In  describing  the  fault  (see  letterpress,  areas  IV  Aa,  IV  AC,  p.  20,  and  Re- 
port. Brit.  Assoc  1866,  p.  256),  we  suggested  that  it  might  be  more  recent 
than  the  "  ray  from  Tycho,"  on  which  the  steep  and  rugged  W.  border  of 
Albategnius  occurs.  On  the  parallel  ray  to  the  E.  we  noticed  two  points  of 
upburst,  one  near  IV  AC86,  the  other  near  IV AC82  (see  letterpress,  areas 
IV  Aa,  IV  AC,  p.  39,  and  Report  Brit.  Assoc.  1866,  p.  275),  the  activity  of 
which  might  be  more  ancient  than  that  of  IV  A'' 2.  Should  these  considera- 
tions at  all  approximate  to  the  truth,  then  we  have  a  probable  recent  epoch 
for  the  production  of  the  group  of  craters  near  the  W.  portion  of  Hipparchw. 
The  close  similarity,  both  in  form  and  direction,  of  the  valleys  IV  A*83  and 
IV  A? 18  on  opposite  sides  of  Hipparchus  also  points  to  the  priority  of  age  of 
the  Hue  of  cliffs  in  which  IV  A"32  occurs,  as  compared  with  the  floor  of  Hip- 
parchus, which  appears  to  be  more  recent. 

31(x).  The  S.S.W.  part  of  the  valley  IV  A*". 

This  valley  is  interrupted  but  not  obliterated  by  the  fault  IV  A* "  IV  A*  *> 
IV  Aa  72.  At  first,  in  the  neighbourhood  of  IV  Aa  ?8,  it  is  wide ;  but  as  the 
fault  is  approached  it  becomes  much  narrower.  The  W.  side  of  the  crateri- 
form  depression  IV  A^ 15  appears  to  be  part  of  the  W.  slope  of  this  valley,  on 
which  the  E.  rim  of  the  crater  IV  A^ 14  has  protruded,  which  indicates  a  more 
recent  epoch  for  the  production  of  IV  A*  u.  Beyond  the  group  connecting 
IV  A*  "  with  IV  A* 16,  the  valley  IV  Aa  " JL V  A*  »  can  be  traced  as  a  narrow 
dark  cleft  through  the  ascent  to  the  bright  spot  IV  A^  87.  This  cleft  is  not  in 
Schmidt's  catalogue. 

32.  A  craterlet  S.  of  IV  A*33,  E.  of  IV  A**,  2"-70,  mag.  0-16,  The  fifteenth 
in  order  on  area  I V  AP . 

33.  The  W.  part  of  the  S.  portion  (IV  Aa  «)  of  the  second  wall  of  Khaticus 
(see  letterpress  to  areas  IV  A",  IV  AC,  p.  12,  and  Report  Brit.  Assoc.  1866, 
p.  248).     It  has  been  dislocated  by  the  fault  IV  A" u  IV  A*  »  IV  Aa  w. 

34.  A  pit  S.S.E.  of  IV  A*  w  adjoining  IV  A*  28. 

This  pit  is  surrounded  by  a  broad  hilly  border ;  longest  diameter  of  border 
=7"-18,  sbortest=4"-94.  It,  with  the  E.  border  of  IV  A*  15,  is  situated 
very  exactly  in  the  line  of  fault  IV  A"11  IV  A0*>  IV  A"*2;  IV  A*15, 
IV  A*  »  and  IV  A*  **  form  a  connexion  between  IV  A*  "  and  IV  A*  16. 

35(x).  A  mountain  W.N.W.  of  IV A*™,  on  the  line  of  fault  IVA'3* 
IV  A*  <»,  also  on  the  "  ray  from  Tycho  "  on  which  Bessel  is  situated.  The  two 
intersect  at  this  mountain,  which  appears  to  have  been  thrust  forward  in 
the  line  of  "  cleft  "  IV  A*  « 

36.  The  mountain-peak  at  the  W.  angle  of  IV  A*  18. 

37.  The  bright  white  spot  (crater)  on  the  W.  slope  of  IV  A*  »,  the  twelfth 
crater  in  order  on  IV  A*. 
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Thia  spot  should  be  assiduously  watched.  The  spot  IV  AC  »  IY  Aa  17,  de- 
scribed in  letterpress  to  areas  IYAa,  IV  A.C,  pp.  15  and  26,  and  Report 
Brit.  Assoc.  1866,  pp;  251  and  262,  as  a  bright  spot,  has  been  seen  by  the 
author  and  by  the  Rev.  W.  0.  Williams  as  a  crater — on  one  occasion  (Oct.  18, 
1867)  by  lir.  Williams  conspicuously  so  with  a  central  cone  casting  a  shadow. 
In  the  December  lunation  Mr.  Williams  was  unable  to  detect  any  trace  of 
a  crater ;  but  on  January  3, 1868,  the  succeeding  lunation,  Mr.  Baxendell  saw 
it  as  a  shallow  crater  about  |  of  the  diameter  of  IV  A  a  7.  Mr.  Williams  has 
steadily  continued  his  observations  on  this  spot,  from  1867,  Oct.  7,  to  1868, 
May  7,  which  I  have  arranged  in  the  order  of  the  sun's  altitude  above  it ; 
and  as  this  arrangement  illustrates  the  use  of  the  Table  on  pp.  10,  11,  it  may 
be  well  to  introduce  it  here,  both  as  an  example  of  referring  observations  to 
solar  altitudes,  and  also  as  indicative  of  the  changes  of  appearance  dependent 
on  the  angle  of  illumination. 


Observations  of  IV  Aa 

"  iva<t 

»;  La 

T1TUDE 

5°  S.,  Longitude  2°  West. 

Morning  Illumination. 

No. ;          Date. 

1       1 

G.M.T. 

Autho- 
rity. 

O's 
alt. 

Bright- 
ness. 

Character. 

1    1.  '  1867,  May  11. 

81 

Birt 

0    o 

0-6 

o 

A  shallow  crater. 

2.  .  1868,  Feb.  1. 

5-6 

Williams 

6-12 

Crater  well  seen. 

3.  1  1868,  Mar.  31. 

n 

Birt 

6-12 

Crater  well  defined. 

4.     1868,  Jan.  3. 

5-6 

Williams 

12-18 

Discerned  central  cone,not  certain. 

5.  , 1868,  Jan.  3. 

Baxendell 

12-18 

Well-marked  shallow  crater. 

6.  J  1867,  Not.  5. 

9-10 

Williams 

18-24 

7 

Very  bright,  streak  of  interior  sha- 
dow on  the  west. 

7. 

1868,  April  1. 

5-£ 

Williams 

18-24 

4 

Whitish  patch  of  light. 

8. 

1867,  Dec.  5. 

6-8 

Williams 

24-30 

5 

Whitish  spot ;  no  crater. 

9. 

1868,  May  1. 

10-11 

Williams 

24-30 

Whitish  patch,  line  of  interior  sha- 
dow on  the  west. 

10. 

1867,  Oct.  7. 

8*-10 

Williams 

24-30 

A  very  bright  spot. 

11. 

1867,  Nor.  6. 

8-10 

Williams 

30-36 

6 

A  bright  patch  of  light ;  streak  of 
shadow  scarcely  discernible. 

12. 

1868,  April  2. 

5-6 

Williams 

30-36 

4 

Whitish  patch  of  light. 

Very  shallow  crater  with  interior 

13. 

1868,  April  2. 

8* 

Birt 

30-36 

4 

shadow. 

14. 

1867,  Dec.  6. 

9-10 

Williams 

36-42 

5 

Whitish  spot ;  no  crater. 
Long  patch  of  light  to  east. 

15. 

1868,  May  2. 

6*-10 

Williams 

36-42 

16. 

1868,  May  4. 

101-11* 

Williams 

48-54 

Two  bright  spots. 

17. 

1868,  May  5. 

10*-11* 

Williams 

60-66 

Two  bright  spots  nearly  equal  and 
circular. 

ia 

1868,  May  6. 

l& 

Birfc 

72-78 

65 

Two  bright  spots. 

19. 

1868,  May  7. 

Williams 

83-85 



Two  bright  spots ;  E.  spot  largest. 

Evening  Illurr 

lination 

20. 

1867,  Not.  15 

18-20 

Williams 

36-30 

10 

Very  bright. 

21. 

1868,  Feb.  12. 

20* 

Williams 

30-24 

6,4 

Crater  very  conspicuous ;  with  east 
peak  very  bright ;  6°. 

22. 

1867,  Oct.  17. 

13-15 

Williams  j  30-24 

Crater  very  conspicuous. 

23. 

1867,  Oct.  17. 

13* 

Ingall 

30-24 

Drawn  as  a  crater. 

24. 

1867,  Oct.  18. 

17-19 

Williams 

18-12 

Crater  very  conspicuous;  small 
central  cone  casting  a  shadow. 

25. 

1868,  Jan.  15. 

201 

Williams 

12-  6 

The  crater  conspicuous,  with  inte- 
rior shadow  on  east,  fully 
equal  to  that  of  IV  Aa  *. 
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The  desideratum  connected  with  spots  of  this  nature  is  not  so  much  the  detec- 
tion of  physical  change  as  the  exact  determination  of  the  value  or  extent  of 
apparent  change  dependent  upon  variations  of  distance,  libration,  and  angle  of 
illumination ;  for  until  such  determinations  are  reduced  to  numerical  values,  we 
are  not  in  a  position  to  decide  upon  the  absolute  fixity  of  such  objects ;  nor  can 
we  be  certain  that  there  is  more  than  apparent  change  until  a  large  number  of 
observations  are  discussed  with  especial  reference  to  the  elements  above  named. 

The  Eev.  T.  W.  Webb,  in  contrasting  his  seeings  of  Eratosthenes  with  the 
description  of  that  crater  by  Beer  and  Madler  in  '  Der  Mond/  has  the  following 
very  important  remarks.  Speaking  of  the  appearance  which  Eratosthenes  pre- 
sented on  the  evening  of  Nov.  8,  1867,  he  sap,  "  Eratosthenes  now  all  in  local 
colour;  from  point  of  junction  of  Apennines  round  the  E.  semicircle,  the  out- 
side glacis  of  wall  shows  a  curious  dark-grey  border.  This  is  penetrated  in  two 
places  by  the  streaks  of  Copernicus,  which  extend  perhaps  across  Eratosthenes 
itself.  Curious  as  to  chronological  sequence  ...  It  is  just  possible,  however," 
Mr.  Webb  continues,  "  that  some  process  affecting  the  reflective  power  of  the 
surface  may  at  this  time  be  working  here ;  for  B.  &  M.  say  that  this  crater  is 
'in  full  moon  not  very  distinct"1 :  we  only  see  a  very  undefined  faint  light 
spot  in  a  vicinity  almost  equally  luminous.  No  mention  is  made  of  any 
darker  portions,  or  of  their  being  so  situated  as  to  indicate  the  position  of  the 
ring ;  and  the  description  certainly  does  not  tally  well  with  present  appearances. 
This  is  a  peculiarly  suitable  spot  for  examining  the  question  whether  the  Full- 
moon  markings  are  unchangeable.  Fixity,  of  course,  if  established  by  a  long 
course  of  observation  here,  or  anywhere  else,  would  be  no  argument  for  its 
universal  prevalence,  since  a  state  of  quiescence  in  this  respect  might  be  attained 
at  very  different  epochs  in  different  regions ;  but  should  the  reverse  be  clearly 
ascertained  in  a  single  well-marked,  even  though  minute,  case,  it  need  not  be 
mentioned  that  one  distinct,  incontrovertible  affirmation  weighs  down  any 
number  of  negative  instances,  and  merely  throws  back  the  date  of  their  change 
to  a  prehistoric  period." — Intellectual  Observer,  vol.  xii.  pp.  435, 436. 

**38(x).  A  mountain-peak  on  the  W.  border  of  Eipparchus,  the  culmi- 
nating point  of  the  mountain-mass  in  IV  A^ 18. 

The  high  mountain-border  on  which  IV  A^  ^  is  situated,  extends  from  the 
mouth  of  the  valley  IV  A''  31,  in  the  depression  IV  An  3*,  to  the  N.  part  of  the 
peak  IV  A*  *  (see  ante,  p.  22). 

*39(x).  A  mountain-arm  lying  in  the  shallow  depression  IV  A^  41,  which 
it  scarcely  fills.  Its  direction  is,  N.E.-S.W. ;  it  springs  from  the  8.  end  of 
the  depression  IV  A0  4°,  betwoen  IV  A*  4  and  IV  A0  10 ;  its  highest  point  is 
the  N.E.,  from  which  it  gradually  declines  in  altitude  to  the  S.W.  part  of 
the  depression  IV  A^  41.  Length  of  crest  8"-95,  breadth  of  base  6" -25  (see 
ante,  pp.  15,  16). 

40(x).  A  depression  having  somewhat  of  the  crater  character,  between 
IV  A0  4  and  IV  A0  10,  which  rise  to  a  considerable  elevation  on  the  W.N.W. 
and  E.S.E.  It  is  closed  on  the  N.  by  lower  hills,  and  on  the  S.  by  the  N.E. 
extremity  of  the  mountain-arm  IV  A0  ". 

41.  The  shallow  depression  in  which  IV  A*  w  is  situated. 

42.  A  "  fault "  passing  through  IV  A*  *»,  the  E.  foot  of  IV  A*  ™,  grazing  the 
E.  foot  of  IV  A*  73,  along  the  axis  of  IV  A*  10,  and  the  W.  mountain-border 
ofIVAfl*>. 

*  It  is  necessary  to  bear  in  mind  that  Mr.  Webb's  aperture  is  much  larger  than  the  one 
with  which  B.  &  M.  observed ;  it  would  nevertheless  be  important  for  gentlemen  possessed 
of  smaller  apertures  to  examine  Eratosthenes  with  the  view  of  making  out  the  details 
recorded  by  Mr.  Webb. 
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This  "  fault "  is  the  westernmost  of  three  that  are  nearly  parallel  and  equi- 
distant, viz.  IY  A*  «  IV  A*  «,  and  IV  A*  »  These  agree  more  or  less  in  the 
steeper  escarpments  of  the  mountains  found  on  them  facing  the  E.S.E.,  their 
general  direction  being  S.S.W.-tf  .tf.E.  Of  the  three,  the  fault  IV  A" « 
IV  A* «>  IV A4"  (see  letterpress,  areas  IV Aa,  IV A£,  p.  19,  and  Report 
Brit.  Assoc.  1866,  p.  255)  is  the  longest  and  most  distinctly  marked  as  well  as 
the  easternmost.  It  is  situated  on  the  W.  border  of  Hipparchus,  and  sepa- 
rates an  elevated  from  a  depressed  tract  of  surface.  If  the  parallelism  of  these 
faults  points  to  a  contemporaneity  of  origin,  may  we  not  recognize  here  the 
simultaneous  operation  of  the  upheaving  force  over  a  comparatively  large 
area  ?  It  may  be  remarked,  in  connexion  with  this  suggestion,  that  the  two 
mountain-ranges  forming  the  S.S.W.  and  N.N.E.  boundaries  of  the  depressed 
portion  E.S.E.  of  the  main  fault  IV  A" "  IV  A*3*  IV  Aa?2  have  their  steep 
escarpments  towards  depressed  surfaces. 

With  regard  to  the  comparative  ages  of  these  faults,  we  have  already  sug- 
gested (letterpress,  areas  IV  Aa,  IV  AC  p.  20,  and  Report  Brit.  Assoc.  1866, 
p.  256)  that  the  fault  IV  A"11  IV  A*  2°  IVAtt?2  is  more  recent  than  the 
"ray  from  Tycho"  which  it  intersects;  this  suggestion  is  founded  upon  the 
fact  that  the  "fault"  is  continuous  throughout,  but  the  "ray  "  is  interrupted 
at  the  point  of  intersection. 

*43(x).  A  somewhat  low  mountain-range  between  IV  A* 10  and  IVA^  u. 

**44(x).  A  mountain-range  S.E.  of  IV  A^  tt,  situated  on  the  line  of  cir- 
cumvallation  around  IV  A^  2  IV  Ay  8. 

The  short  mountain-ranges  IV  A*  *,  IV  A* 10,  IV  A*  «  and  IV  A*  **,  with 
the  crater  IV  A*  3  and  the  intervening  depressions,  nearly  form  a  radius  from 
the  centre  to  the  circumference  of  the  supposed  ancient  walled  plain  in  which 
rVA*8IVAy8is  situated.  There  are  but  few  irregularities  on  the  remaining 
portion  of  the  plain.  It  is  probable  these  mountains  are  posterior  in  date  to 
the  plain. 

45(x).  The  crateriform  depression  between  IV  A^ 10  and  IV  A^  43. 

46.  The  valley  between  IV  A*  «  and  IV  A*  ". 

This  valley  can  be  traced  in  a  serpentine  direction  from  between  IV  A0  ^  and 
IV  A^  u,  past  the  W.  end  of  IV  A0  w,  which  slopes  towards  it,  also  past  IV  A0  67, 
which  slopes  towards  the  fault  IV  A^  ^  through  which  IV  A^  4<J  passes. 

**47(x).  A  mountain-peak  on  the  W.  border  of  Mipparchus,  N.N.E.  of 
IV  A*  ».     It  is  also  on  the  fault  IV  A"  "  IV  A*  *>  IV  Aa  ™. 

48.  A  wide  opening  or  inlet  in  the  mountain-border  of  Hipparchns,  between 
the  two  mountain-peaks  IV  A0  *  and  IV  A^  47. 

**49.  A  depression  W.  of  IV  A*11,  and  between  it  and  IV  A*54.  It  is 
situated  on  the  line  of  "  circumvallation  "  around  IV  A?  2  IV  A y  3. 

50.  A  shallow  depression  or  crater  on  the  8.W.  border  of  IV  A611, 
diameter  8"*02,  mag.  0-47,  which  includes  a  continuation  of  the  depres- 
sion northwards  (see  IV  A^  59). 

51.  A  fault  parallel  with  and  between  IV  A*  «  and  IV  A*  2°. 

This  fault  is  the  shortest  of  the  three  nearly  parallel  (see  IV  A^  **) .  It 
extends  northward  as  far  as  the  smooth  surface  on  which  Triesnecher  is 
situated,  and  passes  between  IV  A^29  and  IV  A^52,  along  the  W.  border  of 
IV  A0  M  and  the  low  ridge  IV  A^ 77,  towards  the  crater  IV  A^  *,  where  it 
meets  the  line  of  fault  IV  A"  *>  IV  A*  « 

**52.  A  mountain-range  forming  the  E.N.E.  border  of  IV  A^  n,  and  part 
of  the  second  wall  of  Ehceticus  on  the  west.  It  is  62  of  Lohrmann's 
Sec.  I. 

•53(x).  A  semicrater  on  the  "  fault "  IV  A*  «,  S.S.E.  of  IV  A*  ".     Length 
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of  W.  arm  4"-47,  of  E.  arm  5"-78,  opening  between  the  arms  8"-02:  Not 
shown  by  B.  &  M.  but  by  Lohrmann. 

This  semicrater  appears  to  have  been  modified  by  the  "  fault "  IV  A*  51, 
by  which  a  kind  of  buttress  has  been  thrown  up  in  the  interior  against  the 
N.W.  rim.     It  has  a  craterlet,  IV  A^  ",  on  the  S.  end  of  the  buttress. 

54.  The  S.W.  end  of  the  mountain-range  IA^28(?),  forming  the  W. 
mountain- border  of  IV  A0  49. 

On  Rutherford's  photogram,  IV  A*  u  and  IV  A*  49  are  enclosed  by  moun- 
tains, of  which  IV A*53  is  on  the  E.  and  IV  A*54  on  the  W.  IV  A*62  is 
clearly  Lohrmann's  62,  Sec.  I.  The  mountain  in  area  I A0  forming  the  N. 
edge  of  IV  A^49,  most  probably  is  Lohrmann's  64,  Sec.  I.,  although  it  does 
not  occupy  the  position  which  Lohrmann  assigns  it.  IV  A0  H  occupies  the 
position  of  the  N.  end  of  Lohroiann's  63,  Sec.  I.  Lohrmann  appears  to  be  in 
error  here,  inasmu  chas  he  makes  the  chain  63,  Sec.  I.,  continuous  from  a  point 
S.  of  the  latitude  of  IV  A*  3  (60,  Sec.  I.)  to  a  point  a  little  N.  of  the  latitude 
of  the  N.  edge  of  J,  Sec.  I.  On  the  photogram  IV  A* 10  and  IV  A*54  are 
disconnected,  IV  A* 10  occupying  the  position  of  the  S.  end  of  63,  Sec.  I.,  and 
IV  A0  M,  as  before  mentioned,  the  N.  end.  The  valley  IV  A^  *•  passes  between 
them.     See  ante,  p.  1 8,  IV  A* 10. 

The  direction  of  Lohrmann's  chain  is  also  greatly  in  error ;  he  makes  it 
align  with  E  and  B  of  Sec.  I.  (IV  A* 19,  and  Hind).  The  true  alignment  is 
very  different,  viz.  the  line  of  fault  IV  A0  4a. 

65.  A  low  mountain  running  E.  and  W. ;  length  of  crest  10"-26,  breadth 
ofbase4"-48. 

This  mountain  is  situated  between  IV  A0  u  and  IV  A*  u;  its  base  approaches 
in  form  to  a  parallelogram,  the  crest  forming  the  diagonal. 

56.  A  small  hillock  on  the  line  of  fault  IV  A^«,  between  IV A*62  and 
IV  A*  « ;  it  is  close  to  the  S.E.  foot  of  IV  A*  n. 

57.  A  low  mountain  N.N.E.  of  the  depression  IV  A0  ** ;  length  of  crest 
6"-71,  breadth  of  base  7"-18.  1867,  Dec.  3,  10\  with  the  Royal  Astrono- 
mical Society's  Sheepshanks  telescope,  No.  5,  aperture  2-75  inches,  power 
100,  I  identified  IVA***,  IV  A**4,  and  IA*2*  as  Lohrmann's  63,  Sec.  I. 
I  also  proved  the  inaccuracy  of  Lohrmann  in  continuing  the  chain  to  IV  A* 10. 
See  IV  A**4. 

58.  A  low  mountain  between  IV  A* ll  and  IV  A*  « ;  length  of  crest  7"-18, 
breadth  of  base  7"-18.  The  three  mountains  IV  A*  <*,  IV  A*  wand  IV  A*  M 
mark  an  area  of  subordinate  elevation  between  the  faults  IV A*43  and 
IV  A*" 

59.  A  shallow  depression  on  the  W.  slope  of  IV  A*  »,  N.  of  IV  A*  ». 

60.  A  craterlet  on  the  E.  slope  of  IV  A^ 10  between  the  crest  and  the  fault 
IV  A*  43.  It  is  situated  on  the  higher  land  W.  of  the  "  feult,"  and  is  in  this 
respect  somewhat  similar  to  the  craters  IV  A* 15,  IV  AP 21,  and  IV  A*  <* ; 
2"-7,  mag.  0-16,  the  fourteenth  in  order  upon  IV  A*. 

61.  The  ridge  crossing  IV  A*  «  from  S.  to  N. 

This  ridge  was  discovered  on  Dec.  3,  10h,  1867,  with  the  Boyal  Astrono- 
mical Society's  Sheepshanks  telescope,  No.  5,  aperture  2*75  inches,  power 
100.  The  observation  is  thus  recorded :— « IV  A* w  and  IV A*29  IV  A*62 
form  the  W.  and  E.  boundaries  of  Lohrmann's  plain  J,  Sec.  I.,  containing 
the  two  low  mountain-chains  and  central  mountain.  The  two  low  mountain- 
chains  I  neither  identify  on  the  moon  nor  on  the  photogram  ;  but  I  sec  on 
the  moon  a  mountain  between  them  [IV  A^ 67  and  IV  A^  £9  IV  A*62],  which 
is  not  the  central  mountain  of  J,  Sec.  I.,  but  the  mountain-ridge  between  the 
two,  i.e.  IV A* w  and  IV A*29  IV A* a*.    I  apprehend  the  mountain-ridge 


Digitized  by 


Google 


ON  MAPPING  THE  8URFACE  Or  THE  MOON.  33 

IV  A*  61  of  IY  A* ll  is  tho  E.  of  tho  two  low  ridges  of  Lohrmann.  Between 
this  and  his  63,  Sec.  I.,  is  the  depression  IV  A*  **»,  not  shown  by  him ;  and  in- 
stead of  a  plain  and  central  mountain  between  the  ridge  IV  A*  *l  and  I V  A  *  w 
IV  A*53,  the  S.  part  of  the  space  is  filled  with  the  crater  IV  A*  ,s,  and  the  X. 
part  dips  to  tho  N.  angle  of  the  formation  IV  A*  "  and  I  A'  »  "  (sco  IV  A'  »«). 
— CW.R.B.] 

62.  Tho  N.N.W.  part  of  the  fault  IV  A"  »  IV  A*  «  Direction  S.S.E.- 
N.N.W.,  face  towards  E.N.E. 

This  fault  is  nearly  coincident  with  the  "  ray  from  Tycho  "  on  which 
Bessel  is  situated.  It  takes  its  rise  on  the  E.  border  of  Html,  and  passes,  but 
does  not  obliterate,  the  narrow  valley  IV  A" l!*.  From  the  S.W.  end  of  the 
valley  IV  Afl  6,  which  is  on  the  lower  level  E.N.E.  of  tho  fault,  to  the  long 
narrow  valley  or  cleft*  IV  A' ll  (crater-rill  No.  362  of  Schmidt),  where  it  in- 
tersects but  does  not  divide  the  fault  IV  A" ll  IV  A*  *>  IV  A*  »  (boo  letter- 
press, areas  IV  Aft,  IV  A£,  p.  20,  and  Report  Brit.  Assoc.  1S66,  p.  2o«),  it 
is  nearly  coincident  with  the  W.  border  of  Hipporchus.  The  surface  has 
been  greatly  disturbed  near  the  point  of  junction  of  this  fault  with  tho  fuult 
IV  A'11  IV  A*30  IV  A"  "  in  such  a  manner  as  to  indicate  that  tho  force 
which  produced  IV A"111  IV A0 *>  IVA*73  has  been  exerted  at  an  epoch 
more  recent  than  that  which  produced  IV  A*  *  IV  A*  ®.  It  is  in  this  dis- 
turbed locality  that  the  craters  IV A*19  and  IV A*21  have  been  opened. 
After  grazing  the  W.  wall  of  IV A^^  the  fault  IV  A'33  IV A**3  passes 
onward  by  the  W.  wall  of  the  depression  IV  A* 18,  just  W.  of  the  crater 

*  It  has  been  decided,  upon  mature  consideration,  to  substitute  the  term  "  cleft "  for 
"rill"  as  being  more  significant  and  comprehensive.  It  may  be  important  to  mention 
that  a  "cleft"  differs  from  a  "  fault"  in  one  essential  particular;  for  example,  a  "fault" 
marks  a  line  of  dislocation,  which  in  some  instances  is  characterised  by  an  elevation  of  the 
surface  on  one  side,  and  a  depression  on  the  other  without  presenting  the  appearance  of  a 
crack  or  narrow  valley.  In  other  cases,  long  narrow  depressions  may  be  found,  mostly  in 
lines  of  fault,  and  often  in  the  same  line  with  cliffs  which  have  been  upheaved  probably  by 
the  same  agency,  and  near  the  same  epoch  at  which  the  narrow  valley  or  "  cleft"  has  been 
produced.  The  term  "fault"  is  consequently  employed  to  signify  the  result  of  a  force 
apparently  acting  in  many  instances  more  or  less  in  radial  lines  from  a  centre  or  focus  of 
disturbance,  such  as  Tycno,  from  which  numerous  lines  of  •*  fault "  diverge  (see  Report 
Brit  Assoc.  1847,  p.  61),  while  the  term  "  cleft  "  is  used  to  signify  a  partial  result  only,  and 
one  which  has  been  manifested  in  depression  as  contradistinguished  from  elevation.  (See 
'Intellectual  Observer,'  No.  LXVTT.  August  18G7,  toI.  xii.  p.  52  et  seq.  for  some  interest- 
ing remarks  on  Lunar  Clefts  by  the  Rev.  T.  W.  Webb.) 

It  may  be  well  here  to  quote  Sir  C.  Lyell's  definition  of  a  "fault"  as  used  in  geologi- 
cal language,  '  Principles  or  Geology,'  ninth  edition,  1853,  (Glossary)  p.  805.  "  Fault,  in 
the  language  of  miners,  is  the  sudden  interruption  of  tho  continuity  of  strata  in  the  same 
plane,  accompanied  by  a  crack  or  fissure  varying  in  width  from  a  mere  line  to  several 
feet." 

It  is  dear  that  the  signification  of  the  term  "  fault,"  as  applied  to  the  moon,  cannot  be  of 
precisely  the  same  nature  as  when  it  is  used  in  geology ;  for  we  cannot  observe  "  faults  "of 
this  kind.  Nevertheless  the  general  principle  holds  good,  via.  the  elevation  or  depression 
of  the  surface  plane  on  one  side  of  the  Lunar  line  of  fault.  It  has  been  recognized  as  a 
peculiarity  of  geological  "faults,"  that  the  higher  portions  of  the  dislocated  beds  are 
usually  on  the  sides  towards  which  the  "  faults  "  incline  in  ascending  (Report  Brit.  Assoc. 
1847,  p.  62),  so  that  the  ends  of  the  raised  strata  present  steep  escarpments  towards  the 
depressed  portions — phenomena  of  frequent  occurrence  on  the  moon's  surface.  In  the 
areas  already  mapped,  we  have  the  escarpments  of  the  cliffs  facing  the  lower  level  IV  Aal1, 
the  level  of  the  floor  of  Hipparchus  being  nearly  identical  with  the  summits  of  the  cliffs  (see 
letterpress  to  areas  IV  A"  and  IV  A^»  pp.  12,  13,  and  Report  Brit.  Assoc.  1866,  pp.  248, 
249) — also  the  steep  escarpments  of  the  mountains  between  IV  A^ 19  and  IV  A^  u  facing 
the  floor  of  Hipparchus,  while  the  general  level  W.  of  the  mountains  is  much  higher  than 
the  floor  on  the  E.  Numerous  other  examples  may  easily  be  given.  Dislocations  of 
mountains  and  craters  are  very  apparent  on  lines  of  "  fault." 
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IY  A*  «,  and  graces  the  N.E.  end  of  the  mountain-arm  IY  A*  ».  The  pre- 
cipitous E.  face  of  the  mountain  IV  A^  4  appears  to  have  been  produced  by 
this  fault 

63.  The  N.  part  of  the  fault  IV  A^  IV  A*  <®.  Direction  N.  by  W.-S. 
byE. 

This  fault  appears  to  have  originated  in  connexion  with  the  outburst  which 
produced  the  crater  IV  A*  3,  as  it  forms  one  of  a  system  of  faults  N.  and  S. 
of  that  light-centre  (see  fig.  1,  ante  p.  13).  This  fault,  on  the  N.  of  IV  A" a,  is 
first  apparent  in  the  mountain -chain  IV  A* 12,  which  is  situated  on  it.  From 
this  mountain-chain  the  faults  IV  A* ll  and  IV  A*  ^  diverge.  The  course  of 
IV  A1  u  is  described  in  letterpress,  areas  IV  Aa,  IV  A£,  pp.  19,  20,  and  Report 
Brit.  Assoc  1866,  pp.  255,  256.  IV  A"  *>  IV  A*  <»  passes  along  the  W.  range 
of  IV  A*  u  to  the  W.  waU  of  IV  A*  w  where  it  intersects  the  faults  IV  A" » 
IV  A^  ®,  on  the  "  ray  from  Tycho."  Itthen  passes  along  the  range  on  which 
IVA^66  is  situated,  where  it  intersects  the  fault  IV  A*  61.  It  next  passes 
through  IV  A*  **  to  the  W.  border  of  IV  A<*  *,  where  it  intersects  the  fault 
IV  A*  **,  and  is  traced  still  more  northerly  through  the  mountain  I A^ 3l 
(Lohr.  Sec.  I.  65)  towards  Manilius. 

The  evidence  of  the  more  recent  origin  of  this  fault  than  the  "  ray  from 
Tycho,"  as  compared  with  that  of  the  fault  IV A""  IVA**>  IVAa7a 
(see  letterpress,  areas  IV  A*,  IV  Af,  p.  20,  and  Report  Brit.  Assoc.  1866,  p. 
256),  is  not  so  striking  as  in  that  instance.  There  does  not  appear  at  the 
point  of  intersection  to  bo  any  breaking  through  of  the  fault  IV  A"  ^ 
IV  A*62  by  the  fault  IV  A"35  IV  A^63;  and  therefore  it  is  not  so  easy  to 
determine  whether  IV  A"  *  IV  A*  &  be  posterior  to  the  ray  from  Tycho  and 
contemporaneous  with  IV  A" ll  IV  A0  2°  IV  Aa  72,  or  otherwise.  There  can, 
however,  be  very  little  doubt  of  its  connexion  with  the  crater  IV  A* 2,  and 
that  it  forms  one  of  a  system  of  "  faults  "  of  which  that  crater  is  the  centre. 

64.  A  mountain-peak  at  the  8.  end  of  IV A*85  on  the  line  of  fault 
IVA"M  IVA*« 

65.  A  shallow  crater  W.  of  IV  A*  ",  on  the  line  of  fault  IV  A" »  I V  A*  • 
LoDge8t  diameter  (on  a  line  passing  through  IV  A^  u)  6"-71,  shortest  (at  right 
angles  to  this  line)  4"*47,  mag.  0-33,  the  fifth  crater  in  order  upon  area 
IV  A*,  1865,  March  6. 

This  crater  is  shown  by  B.  &  M.  but  not  by  Lohrmann.  B.  <fc  M.  give  a 
crater  between  IV  A*  *  and  IV  A  ^21,  which  is  in  Lohrmann,  and  on  Ruther- 
ford's photogram,  1865,  March  6,  appears  to  be  the  N.E,  angle  of  the  depres- 
sion IV  AP 18  (see  IV  A^ 18) ;  IV  A0  *  appears  to  be  shallow,  and  is  situated  on 
a  mountain-mass  which  is  nearly  in  the  lino  of  fault  IV  A^51.  With  a  morning 
terminator  past  Copernicus,  the  shadow,  which  is  scarcely  discernible,  measures 
2"*7;  the  longest  diameter  =  6"»71 ;  therefore  the  proportion  of  shadow  to 
illuminated  interior  is  as  1  to  1-483.  It  is  noteworthy  that  IV  A0  tt,  IV  A* 16, 
and  IV  A^ 21  are  similarly  situated  with  regard  to  the  mountains  on  which 
they  are  opened ;  all  three  are  near  faults,  and  all  are  suggestive  of  the 
exertion  of  a  force  by  which  the  masses  on  which  they  occur  were  thrown 
towards  8.8.E.,  the  direction  of  the  faults  in  this  neighbourhood  coincident 
with  the  "  rays  from  Tycho." 

66.  The  mountain-mass  on  which  IV  A* a  is  opened.  Length  of  crest 
ir-65,  breadth  of  base  at  S.  end,  including  crater,  12"-03,  at  N.  end  8"-25. 

67.  A  low  mountain-range  in  continuation  of  IV  A0  ** ;  it  has  upon  it 
two  peaks. 

68.  A  plateau  west  of,  or  a  very  gentle  slopo  westward  from,  the  S.W. 
rim  of  IV  A*">. 
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♦69.  A  Bhallow  depression  E.  of  IV A*70,  probably  68  of  Lohrmann's 
Sec  L 

Lohrmanu  appears  not  to  have  made  the  distinction  between  this  depres- 
sion and  the  plain  that  extends  eastward  from  it,  as  far  as  the  mountains 
IT  A*M,  IVA*3*,  and  IV  A*36,  but  has  given  between  IV  A*™  m&  these 
mountains  a  smooth  plain.  The  depression  IV  A^69  is  well  marked  in 
Rutherford's  photogram. 

*709  A  mountain-range  in  the  chain  that  extends  from  the  junction  of 
Ptolemmu  and  Alphonsus  to  and  beyond  IV  A^81.  This  range  "forks" 
into  two  small  branches  at  the  S.  end.  Length  of  crest  from  N.  end  to  fork 
6"-71,  from  fork  to  8.E.  end  4"-01,  from  fork  to  S.W.  end  7"-18. 

71.  The  depression  enclosed  by  IVA*"*,  IV A*6*,  IV A*3*,  IV A*36, 
IV  A*  w,  IV  A>  a®,  and  IV  A^  21.  It  is  not  shown  by  Lohrmann  as  a  de- 
pression. 

This  depression  is  situated  in  so  very  interesting  a  group  of  objects,  the 
S.  part  of  which  occurs  in  area  IV  A"1,  that,  anticipating  to  some  extent  a 
notice  of  the  objects  in  that  area,  it  may  be  well  to  describe  the  group 
in  this  place. 

This  group  consists  of  IVA^,  IV A"*3,  IV A"  13,  IV A"31,  the  partly 
enclosed  surface  IV  A*132,  with    the  valley  IVAnu,   and  the  mountains 
IV A" *>,  IVA"*>,  IV A"33,  and  IV A"34.     Were  these  objects  in  a  level 
portion  of  the  moon,  IV  A1  **  would  present  the  aspect  of  a  depression  partly 
surrounded  by  mountains.     As  it  is,  it  has  greatly  the  appearance  of  one  of 
those  partially  destroyed  craters  which  are  met  with  on  the  borders  of  the 
Maria  \  and  it  is  not  a  little  remarkable  that  the  mountainous  boundary  ends 
abruptly  both  on  the  S.E.  and  N.W.  at  the  line  of  cliffs  in  the  chain  from 
the  junction  of  Ptolemams  and  Alphonsus  to  and  beyond  IV  A0  8l,  the  por- 
tion S.E.  of  the  valley  IV  A1  u  facing  the  depressed  surface  of  Hipparchus. 
There  is  not  the  slightest  indication  of  a  complete  boundary  having  existed 
at  any  anterior  epoch  similar  to  IV  A£  w  (see  letterpress,  areas  IV  Aa,  IV  AC, 
p.  27,  and  Report  Brit.  Assoc.  1866,  p.  263) ;  indeed  the  mountains  are 
scarcely  disposed  in  the   segment  of  a  ring.     The  object  which  presents 
the  nearest  analogy  to  IV  A*  32  is  IV  Aa  10 ;  and  it  is  noteworthy  that  the 
southern  mountainous  boundaries  of  both  are  curved,  the  convexities  being 
towards  the  S. ;  and  both  are  traversed  by  valleys  running  in  the  same 
direction.     IV  An  ^  as  it  is  seen  on  Rutherford's  photogram,  and  also  on  the 
moon,  is  very  individualized ;  it  forms,  however,  only  part  of  a  larger  forma- 
tion, which  is  not  the  less  well  and  distinctly  marked.    Among  the  remaining 
objects  are  IV  A0  w,  IV  A^  **,  and  IV  A^  ^  three  mountains  in  a  line  with 
IV  A" 12,  IV  A" 13,  and  IV  A" 21,  but  separated  from  them  by  the  plateau  or 
slope  IV  A0  68.     Together  these  mountains  form  the  W.  wall  of  the  larger 
formation,  the  N.  boundary  of  which  consists  of  the  low  N.N.W.  wall  of  the 
depression  IV  A* 18,  and  the  N.E.  foot  of  the  mountain  IV  A*  4* ;  the  E.S.E. 
boundary  consists  of  the  cliffs  bordering  Bipparchus  on   the  W.N.W.,  of 
which  the  highest  point  is  IV  A^  38. 

The  striking  peculiarities  of  this  formation  are  the  depression  IV  A^  ^  at 
its  8.  end,  and  the  elevated  boss  filling  IV  A0 18  at  its  N.  end ;  so  that  there 
is  a  gradual  slope  from  N.  to  8.  Two  craters  are  opened  upon  it,  IV  A^  19 
and  IV  A0  2l.  IV  A^  21  is  peculiarly  situated,  as  if  the  northern  mass  had 
been  heaved  forwards  towards  the  S.E.  The  faults  IV  A"  u  IV  A*  *>  IV  Aa  *2 
and  IV  An  a  IV  A0  •*  include  a  great  portion  of  this  formation,  which  is 
traversed  by  the  "  ray  from  Tycho  "  on  which  Basel  is  situated.  This 
"ray"  passes  close  to  IV  A*1*,  which  is  situated  on  its  E.N.E.  slope. 
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72.  A  narrow  shallow  valley  extending  from  the  mountain  IV  A*64  into 
the  depression  IV A**69;  length  17"-43,  breadth  between  IVA*«*  and 
IV  A*  »  3"-54,  breadth  in  IV  A*  »  2"-24.  This  valley  appears  to  be  poste- 
rior in  date  to  the  depression  IV  A*  w,  or  at  least  to  the  very  low  E.  wall, 
which  has  been  broken  through  in  the  line  of  valley. 

73.  A  mountain  S.S.W.  of  IV  A**\  Length  of  crest  S.S.W.-N.KE. 
11"-19,  length  of  crest  on  N.W.  5"-31.     It  is  in  the  line  of  fault  IV  A?  « 

74.  A  mountain-mass  lying  in  a  shallow  depression  between  IV  A^70 
and  IV  A* 73,  near  the  line  of  circumvallation  around  IV  A?  2  IV  Ay  s. 

The  base  of  the  mountain-mass  is  of  an  elliptical  form.  Longest  diameter 
13"-42,  nearly  in  a  line  with  the  summits  of  IV  A*  ™  and  IV  A0  *» ;  shortest 
diameter  at  right  angles,  8"*95.  The  summit  is  on  the  N.  of  the  longest 
diameter. 

75.  A  mountain-peak  on  the  N.  border  of  IV  A^ 69,  near  the  line  of  «  cir- 
cumvallation "  around  IV  A*  2  IV  A' 3. 

f76.  A  small  depression  at  the  E.  foot  of  IV  A*  74. 

77.  A  low  ridge  in f  continuation  of  the  interior  "W.  wall  of  IV  A^53,  co- 
incident with  the  fault  IV  A^i ;  length  7"-64. 

78(x).  A  shallow  depression  E.S.E.  of  and  in  continuation  of  the  line  of 
diflfeIVA**toIVA*44. 

The  interior  of  this  depression  appears  as  a  white  spot  on  Rutherford's  pho- 
togram,  1865,  March  6.  1868,  May  ld  9h45m  G.  M.  T.,  I  observed  it  with 
the  Crossley  equatorial  of  7*3  inches  aperture,  and  saw  it  as  a  round  craterlet 
with  interior  shadow  of  about  '33,  diameter  of  craterlet =1.  It  was  slightly 
larger  than  IV  A^  37,  and  is  the  eleventh  in  order  on  IV  A^.  On  May  2* 
7h  45m  G.  M.T.  it  exhibited  some  approximation  to  the  class  of  "  light-centres  " 
(see  Report  Brit.  Assoc.  1866,  p.  218).  I  have  also  recorded  that  in  1868,  on 
March  31d  8h  30m  G.  M.  T.,  and  May  30d  10h  20w  G.  M.  T.,  it  was  seen  as  a 
crater  with  the  Royal  Astronomical  Society's  Sheepshanks  Telescope,  No.  5. 

79.  A  cleft  from  the  end  N.  of  IV A*44  to  IV  A**78;  length  9"*79;  not 
in  Schmidt's  catalogue. 

80.  A  mountain  between  IV  A*  «  and  IV  A* 14. 

This  mountain  has  a  gentle  slope  towards  S.S.W. ;  the  N.N.E.  side  is  hol- 
lowed out,  and  receives  the  depression  IV  A^ 78.  It  is  59  of  Lohrmann's 
Sec.  I. ;  he  has  given  it  a  much  bolder  character  than  it  possesses  (see 
ante,  p.  18). 

81.  A  mountain-range  W.  of,  and  in  union  with,  IV  A0  ™.  Length  of 
crest  10"-26,  breadth  of  base  at  N.  end  5"-31. 

82.  The  valley  between  IV  A*  7°  and  IV  A*  *K     Length  6"-25. 

♦83.  A  raised  and  nearly  filled  ring  on  the  chain  from  the  junction  of 
Ptolemceus  and  Alphonsus  towards  Sabine  and  Hitter,  N.N.W.  of  IV  A** 81. 
Length  9"*79,  aligns  with  the  mountain  IVA**47  through  Horrox;  breadth 
7"-64. 

This  ring  is  not  given  either  by  Lohrmann  or  by  B.  and  M.  It  is  cer- 
tainly distinct  on  Rutherford's  photogram,  but  may  be  overlooked  among  the 
mountains  surrounding  it;  it  is  just  within  the  line  of  circumvallation 
around  IV  A*3  IV  Ay  3. 

84.  An  elliptical  crater  between  IV  A0  &  and  IV  A^  70  in  the  angle  formed 
by  the  junction  of  IV A*81  and  IV  A0  M  ;  length  on  a  line  passing  through 
the  N.  angle  of  Borrow  6"-25,  breadth  3"-17,  mng.  0-28. 

This  crater,  which  is  the  seventh  in  order  upon  IV  A^,  is  not  shown  by 
B.  &  M.  Lohrmann  has  four  small  craters  W.  of  his  plain  58,  Sec.  I.,  to 
which  he  alludes  in  his  text ;  they  are  probably  the  valley  IV  AP  M,  the  crater 
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IV  A* w,  the  depression  IV  A0  **,  and  the  W.  slope  of  the  mountain-peak 
IT  A*  T5,  which  appear  best  to  answer  to  them. 

85r  A  craterlet  in  the  S.W.  angle  of  IV  A^86;  length  N.W.-S.E.  3"-54, 
breadth  3"-17,  mag.  0-20.     It  is  the  tenth  in  order  upon  area  IV  A*. 

86.  The  depression  containing  IV  A0  w  IV  A*  *5,  and  IV  A*  « 

87.  The  depression  in  which  IV  A^  81  and  IV  A^  82  are  situated. 

88.  The  plain  E.  of  the  depression  IVA^69  and  N.  of  the  valley 
IV  A*  »,  the  E.  part  of  Lohrmann's  58,  Sec.  I. 

89.  A  "  fault "  of  a  minor  character,  which  is  traceable  along  the  W. 
wall  of  the  depression  IV  A^  w ;  it  grazes  the  E.  edge  of  the  ring  IV  A^  "9 
passes  along  the  N.  part  of  the  crest  IV  A0  81,  through  the  valley  IV  A^  ffl, 
to  a  point  westward  of  IV  A'  8. 

90.  A  hiUock  on  the  plain  IV  A*2  IV  Ay  ». 

91.  A  shallow  depression  on  the  plain  IV  A0  2  IV  Ay  3. 

92.  A  mountain-range  between  IV  A" 13  and  IV  A0  70,  N.  end. 

A  large  portion  of  this  range  lies  in  area  IV  A? ;  length  of  crest  4"-01, 
breadth  of  base  8"-48. 

93.  A  low  mountain  N.  of  IV  A*  w  ;  length  of  crest  9"-79. 

94.  A  valley-like  depression  S.  of  IV  A*8*;  length  8"-48,  breadth  4"-01. 

95.  A  "  cleft "  from  the  S.  angle  of  Horrox  to  the  middle  point  of  the  E, 
border  of  IV  A*19. 

This  "cleft,"  which  is  visible  on  Rutherford's  photogram,  appears 
either  to  have  broken  through  the  S.  border  of  Horrox  or  to  have  originated 
there ;  the  almost  rectilinear  S.W.  part  of  the  rim  of  Horrox  ends  abruptly  at 
the  point  where  the  "  cleft "  cuts  it.  The  cleft  has  not  affected  IV  A* 19,  but 
reappears  in  the  high  land  on  its  W.  side,  passes  through  the  depression 
IT  A*  n,  and  opens  out  beyond  tho  mountain  IV  A^  *,  the  S.  end  of  which 
is  thrust  forward  in  the  direction  of  the  line  of  "  cleft "  into  the  valley 
IVA*72,  and  is  traced  still  further  between  IV A*83  and  IV  A*85.  The 
objects  above  specified  are  among  the  faintest  on  the  moon's  disk.  If 
the  surfaces  E.  and  W.  of  the  fault  IV  A"11  IV  A* 2°  IV  A**2  were  con- 
tinuous at  the  time  of  the  production  of  the  "  cleft,"  and  the  "  cleft," 
when  formed,  cut  through  the  rim  of  Horrox,  we  might  be  able  to  infer  that 
the  date  of  Horrox  was  anterior  to  the  dates  of  the  "  cleft,"  fault,  and  craters 
IV  AP 19,  IV  Afi  21,  and  that  the  period  of  upheaval  of  the  high  land  forming 
theW.  border  ofHipparchus  was  posterior  to  the  epoch  of  the  production  of  the 
W.  floor  of  Hipparchus.  The  character  of  IV  A0 19,  combined  with  the 
absence  of  any  trace  of  the  "  cleft "  upon  the  crater,  strongly  indicates  tho 
posteriority  of  IV  A0  19  ;  and  this,  taken  in  connexion  with  the  probable  recent 
date  of  the  fault  IV  A" ll  IV  A0  2°  IV  Aa  ?2,  tends  to  establish  that  the  con- 
formation of  the  features  in  this  part  of  the  lunar  surface  is  of  more  recent 
origin  than  the  system  of  "  rays  "  from  Tycho. 

96(x).  The  western  of  two  ridges  on  the  interior  W.  slope  of  Horrox. 

97.  The  eastern  of  two  ridges  on  the  interior  W.  slope  of  Horrox. 

These  ridges  are  inserted  provisionally,  having  been  observed  but  once. 
96  was  seen  very  satisfactorily  on  1868,  May  ld  9h  45m  with  the  Crossley 
equatorial  of  7#3  in.  aperture. 

98.  A  cleft  running  from  the  N.E.  border  of  IV  A* 14  to  the  fault  IV  A" u 
IV  A*  «>  IV  Aa  72,  near  IV  A*  82. 

99.  A  craterlet  at  the  S.  extremity  of  the  buttress  in  the  semicrater 
IV  A0  M,  discovered  with  the  Crossley  equatorial  on  May  2,  1868.  It  is  the 
thirteenth  in  order  on  1 VAA 
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IL— ADDITIONS  TO  AREAS  IV  A%  IV  A*,  AND  IV  Af,  WITH 
IDENTIFICATIONS  OF  OBJECTS  IN  THESE  AEEAS. 
The  requirements  of  selenographical  research  render  it  necessary  that  con- 
siderable attention  should  be  given  to  the  discovery  of  new  objects  not  yet 
inserted  in  maps  or  catalogues,  as  well  as  the  identification  of  those  already 
recorded.  If  "  fixity  "  is  to  be  established  or  "  change  "  detected,  in  either 
case  it  must  be  by  constant  and  systematic  observation,  the  only  means  by 
which  the  invariable  character  of  an  object  may  be  ascertained  and  apparent 
changes  eliminated,  or  by  which  it  may  be  discovered  that  changes  which 
seem  to  be  only  apparent  are  of  such  a  nature  as  to  lead  to  the  suspicion, 
and,  if  well  founded,  the  ultimate  detection  of  real  change.  The  objects  re- 
corded in  Areas  IV  Aa,  IV  A0,  and  IV  A£  are  mostly  taken  from  Rutherford's 
photogram,  1865,  March  6,  and  are  consequently  brought  up  to  that  date. 
In  a  few  cases  the  dates  are  later.  The  identification  of  objects  fixes  their 
characters  to  the  dates  of  observation,  which  fa  those  of  Areas  IV  Aa  and 
IV  A£  are  mostly  in  the  autumn  of  1867.  Those  of  IV  A0  are  in  the  spring 
of  1868,  some  being  as  late  as  November  5,  1868. 

Additions  to  Catalogue. 
Area  IV  A*.     The  numbering  of  objects  in  this  area  in  the  printed  cata- 
logue extends  to  88,  the  following  have  been  added  since. 

89.  A  craterlet  at  the  mouth  of  Lohrmann's  valley,  Sec.  I.  87. 

This  craterlet  is  on  the  S.W.  border  of  Reaumur,  near  the  line  of  clifb 

rvAa*. 

90.  A  craterlet  between  IV  A"4  and  IV  A*16  nearest  IV  A*  w.  It  was 
first  seen  with  Mr.  Barnes's  silvered  glass  mirror  on  June  10,  1867. 

91.  The  western  interior  slope  of  Reaumur. 

92.  A  short  mountain-chain  S.E.  of  and  nearly  parallel  with  TV  A* 16. 

93.  A  craterlet  just  E.  of  IV  A'3*,  discovered  by  the  Rev.  W.  0.  Williams, 
1867,  October  17.     Estimated  at  2"-0 ;  mag.  0-11. 

94.  The  north  part  of  an  extensive  depression  between  two  low  ridges, 
the  western  of  which  stretches  northward  from  the  mountain  IV  A.C  M  to  the 
mountain  IV  A"  S8.  The  eastern  in  like  manner  extends  from  IV  A?  w  to  the 
mountain-arm  on  which  I V  Af  »  IV  A" 17  is  situated.  See  IV  Af  *»  et  seq.9 
post,  p.  40. 

95.  The  north  part  of  the  western  ridge. 

96.  A  ridge  just  north  of  IV  Aa  M,  extending  from  IV  A*  *  to  IV  A*  n 
The  depression  and  ridges  were  discovered  (1867,  Dec.  23)  on  De  La  Rue's 

photogram,  1858,  Feb.  22,  by  W.  R.  Birt. 

97.  A  craterlet  in  IV  A*  » ;  diameter  3"-17,  mag.  0-18. 

98.  A  craterlet  in  IV  Aa«*  N.N.E.  of  IV  Aaw ;  estimated  diameter  l"-5, 
mag.  0-09. 

99.  A  valley  extending  from  IV  Aa  M  to  1°  S.  lat.  between  TV  A*4*  and 
IVAa**. 

The  dotted  line  on  Area  IV  Aa,  between  the  crest  of  TV  A*48  and  the  W. 
side  of  the  valley  IV  Aa  5St  I  find  on  Rutherford's  photogram  to  be  a  subordi- 
nate ridge  on  the  slope  upwards  to  the  W.  side  of  the  valley  IV  A"58. 

100.  A  cleft  at  the  W.  foot  of  IV  A*4*. 

This  cleft  was  discovered  by  Mr.  G.  J.  "Walker  of  Teignmouth.  Writing 
under  date  of  1868,  Feb.  1,  he  says,  "  The  lower  part  of  IV  Aa  «  or  the  foot 
of  the  ridge,  always  looks  to  me  like  a  sort  of  continuation  of  the  cleft  IV  A"  *7, 
or  like  a  long  ravine  communicating  with  it." 

101 .  A  shallow  valley  between  IV  A*  4  and  I VA  *  43,  S.  of  IV  Aa  68. 
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It  is  of  a  curved  form ;  the  S.W.  end  biaeots  a  line  drawn  from  the  S.  end  of 
IV  A«  « to  the  W.  side  of  IV  A**. 

IV  A*w  iv  Aai«>,  and  IV  Aa™  were  first  seen  by  Mr.  Walker;  they  are 
all  on  Rutherford's  photogram,  1865,  March  6. 

102.  A  depression  of  a  semicircular  form  on  the  mountain-range  forming 
the  east  border  of  Hipparchus,  the  northern  part.  It  is  in  this  depression 
that  the  crater  IV  Att  w  IV  AC  »  is  situated  (see  IV  AC  ™,  post,  p.  40). 

103.  A  short  spur  on  the  8.W.  side  of  IV  A"1*,  near  IV  Att«>. 

This  spur  is  not  numbered  on  the  map.  It  was  recognized  by  Mr.  G.  J. 
Walker  of  Teignmouth,  who  thus  mentions  it  under  date  of  March  30,  1888  : 
— "  The  space  numbered  15  in  the  map  was  dark,  whilst  the  two  ridges  40 
and  the  nearer  shorter  one  appeared.  In  the  middle  of  15  [Query,  the  spur 
next  to  Rhseticus,  see  105]  there  was  a  spot  of  light  indicating  a  lower  ridge." 

104.  An  oval  space  (Mr.  Walker  queries  it  as  a  crater),  not  numbered  in 
the  map,  but  shown  lying  in  the  angle  between  the  lines  of  fault  IV  A* 73 
and  IV  A*49  on  the  S.W.  of  Rhasticus. 

105.  A  short  spur  on  the  S.W.  side  of  IV  A"15,  close  to  the  S.  end  of 
Rhseticus  (see  note  on  103). 

106.  The  west  wall  of  RheBticus. 

Additions  to  Area  IV  A^. 

IV  A^  100.  A  craterlet  on  the  S.E.  boundary  of  Lohrmann's  58,  Sec.  I., 
S.W.ofIVA0<a. 

101.  A  craterlet  on  the  S.E.  boundary  of  Lohrmann's  58,  Sec.  I.,  S.W.  of 
IV  A*  100. 

These  craterlets  were  seen  with  the  Crossley  equatorial,  7*3  inches  aper- 
ture, power  122,  on  May  28,  9.15  to  10.30.  They  were  seen  by  glimpses 
only,  the  atmosphere  being  hazy  and  somewhat  unsteady. 

102.  A  craterlet  ?  S.  of  IV  A0  8,  seen  as  a  white  spot  with  the  Crossley 
equatorial,  7*3  inches  aperture,  power  122,  on  May  1, 1868,  and  probably  seen 
as  a  craterlet  with  the  Royal  Astronomical  Society's  Sheepshanks  telescope 
No.  5,  power  100,  on  May  30,  1868. 

103.  The  north  part  of  the  formation  between  the  faults  IV  A"36  IV  A*68, 
—IV A" "  IV A* 20  IV Att ra_iv A" »  IV A? « 

104.  The  gorge  between  IV  A*  89  and  IV  A*  K 

105.  The  mountain-crest  between  IV  A*  49  and  IV  A*  59. 

Additions  to  Area  IV  AC. 

IV  AC  115.  A  depression  or  crater  ST.  of  IV  AC  "  and  IV  AC  ™ ;  estimated 
diameter  2"-0,  mag.  012. 

It  is  recorded  as  sketched  on  map  1867,  April  11,  and  was  afterwards  seen 
1867,  May  11,  with  the  Royal  Society's  4|-inch  achromatic,  power  230.  It 
is  shown  by  B.  &  M. 

The  Rev.  W.  O.  Williams  ascertained  in  October  1867  that  the  mountain- 
range  IV  AC  **  presented  the  form  of  a  stem  with  two  branches  in  the  form 
of  a  "  fork."  Restricting  the  designation  IV  AC  48  to  the  northern  part  or 
stem,  we  have : — 

116.  The  east  branch  of  IV  A<T48  from  the  fork. 

117.  The  west  branch  of  IV  AC  &  from  the  fork. 

118.  The  valley  between  IV  AC  »•  and  IV  AC  "*. 

These  objects  were  discovered  independently  by  the  Rev.  W.  O.  Williams 
and  Herbert  Ingall,  Esq.,  on  October  18, 1867. 

119.  The  depressed  surface  between  IV  AC  land  IV  A<6,  with  which  the 
valley  IV  AC  &  communicates. 
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Mr.  Grover  (1867,  Nov.  5)  describes  the  opening  from  the  valley  as  sloping 
to  a  point  about  halfway  between  IV  Af81  and  I  VAC3*  on  the  N.W.,  and 
IV  AC l  on  the  S.E.     This  depression  is  very  marked  in  the  photograms. 

120.  A  ridge  forming  the  W.  side  of  the  valley  IV  AC 98,  discovered  by 
the  Kev.  W.  0.  Williams,  1867,  Nov.  15. 

121.  A  craterlet  N.  of  IV  AC13,  discovered  by  the  Kev.  TV.  0.  Williams, 

1867,  Oct.  18. 

IV  AC 115  and  IV  AC  wi  are  shown  on  Rutherford's  photogram. 

122.  A  large  depression  between  two  low  ridges,  viz., 

123.  The  east  ridge,  and 

124.  The  west  ridge. 

The  following  objects  occur  on  IVAC^,  viz.  IV  A*1*,  IV  AC3*,  and 
IVACH2. 

The  following  objects  occur  on  IV  AC^,  viz.  IV  A*71  and  IV  AC102. 
Both  ridges  converge  to  the  mountain  IV  AC  M. 

For  the  northern  portions  of  the  depression  and  ridges  see  IV  Att  M  to 
IVAaw  ante  $.38. 

125.  A  ridge  between  IV  AC  59  and  IV  AC"*. 

This  ridge  was  identified  by  the  Rev.  W.  0.  Williams,  1868,  Jan.  2. 

126.  The  S.  part  of  the  depression  in  which  IV  Aa  17  IV  AC  &  is  situated 
(see  IV  Aa  ">2,  ante  p.  39). 

Identifications. 
The  identifications  of  objects  are  arranged  in  subzones,  as  being  the  most 
convenient  for  comparison  with  the  sequence  of  objects  in  each.    (See  Report, 
1866,  pp.  241, 242,  and  ante,  pp.  14, 15.) 

The  small  index  figures,  as  63*,  indicate  that  the  object  has  been  identified 
by  as  many  observers,  in  this  instance  by  two. 
Zone  II. 
Subzone  No.  2.  Lat.  0°  to  2°  S.     Area  IV  Att  15, 40, 43, 47, 58, 63*,  65*, 

72,  863,  87. 
Area  IV  A*  12»,  2*,  32, 4*,  103,  ll2, 122, 
13,  20,  292, 392, 402t,  43*, 
44?,  452,  46,  52,  532,  78s. 
Subzone  No.  4.   Lat.  2°  to  4°  S.     Area  IV  A*  42, 16, 41. 

Area  IV  A*  14,  15,  16, 18,  20,  30,  31, 
47,  96. 
Subzone  No.  6.  Lat.  4°  to  5°  S.     Area  IV  Aa  6,  V,  9,  18,  22,  23,  242, 

28,  51,  713,  76. 
Area  IV  A"  19,  21, 22,  35,  38. 
Zone  IV. 
z  )  i      e  No.  2.   Lat.  5°  to  7°  S.     Area  IV  AC  242,    37,    39^,   47*,  49*, 

582,96,103,104,105,106, 
108,  109,  110,  111,   112, 
113, 114. 
*  IV  A^1.    Mr.  Walker  appears  (18C8,  Sept.  7)  to  have  obtained  a  glimpse  of  the 
difficult  objects  IV  A^5*  *  7»  8»  and  9  on  this  mountain-range,  but  he  could  not  dis- 
tinguish them  as  separate  peaks  or  count  them;  the   mountain-range  he  describes  as 
having  a  serrated  edge,  like  hillocks  close  together.    Oct  7,  1868,  he  found  4  or  5. 

f  IV  A^40,  1868,  May  4.  The  colour  of  this  depression  was  a  dark  grey,  probably 
the  darkest  in  the  immediate  locality.    It  is  recorded  as  2°-5,  IV  A*  47  being  1°5. 

\  IV  A*17  IV  A^39.  This  object  is  variable,  sometimes  appearing  as  a  crater,  at 
others  as  a  white  spot.   With  high  illuminations  two  spots  have  been  seen  (see  ante ,  p.  29). 

1868,  April  4,  Mr.  Baiendeil  discovered  a  small  crater  on  the  site  of  the  eastern  spot, 
which  is  not  yet  inserted  in  the  catalogue,  as  its  exact  locality  is  undetermined. 
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Subzone  No.  4.  Lat.  7°  to  9°  S.     Area  IV  A£  13,  3,  4*,  5*,  63,  72,  8*,  9*, 

134,  144,  15*,  18*,  194,  21, 
22,  432,  44, 45, 48»,  61,  71, 
772,  95, 1072,  1152,  121. 

Subzone  No.  6.  Lat.  9°  to  10°  S.  Area  IY  A£  34,  50, 51,  53, 122. 

The  lunar  objects  to  which  the  above  designating  numbers  in  each  area  are 
appended  have  been  examined  since  the  construction  of  the  maps  of  the  areas, 
and  may  be  regarded  as  testifying  to  the  character  of  each  object  as  it  ex- 
isted at  the  time  of  examination,  which  in  most  cases  agree  with  the  descrip- 
tion in  the  catalogue. 

in.— LINNfi. 

Observations  of  this  object  continue  to  be  made  by  gentlemen  in  concert 
with  the  Committee.  In  the  last  Report  (Report,  1867,  pp.  3  to  24)  three 
essential  features  were  described,  viz.  a  large  shallow  crater,  containing 
within  it  a  small  crater,  both  being  replaced  by  a  large  ill- defined  white 
spot  under  an  increase  of  solar  altitude.  On  the  26th  of  June  1868  LinnS 
was  observed  under  very  favourable  circumstances  by  Messrs.  Huggins,  Pen- 
rose, Birt,  Webb,  Carpenter,  Joynson,  and  Williams,  from  8.30  to  11.30 
G.M.T.  During  the  earlier  observations  nothing  was  seen  but  a  small  cone, 
which  cast  a  shadow  to  the  east.  This  cone  was  not  situated  upon  a  ridge, 
the  sixth  of  Schroter,  as  he  states  his  spot  v  to  be  (see  post,  p.  44,  and 
Report,  1867,  p.  4),  but  appeared  as  if  isolated,  standing  upon  a  slightly 
raised  portion  of  the  Mare  Serenitatis,  having  Schroter's  sixth  ridge  to  the 
south,  the  cone  being  in  the  line  of  prolongation  of  this  ridge  to  the  north. 
On  the  west  a  curvilinear  ridge  of  lower  altitude  (given  by  Beer  and  Madler) 
was  seen,  from  the  east  foot  of  which  the  surface  rose  very  slightly  to  the 
base  of  the  cone.  There  was  not  the  slightest  indication  of  a  shallow  crater, 
nor  was  there  the  least  appearance  in  the  surface  around  the  cone  which 
might  be  considered  indicative  of  its  becoming  a  white  spot,  as  the  sun  rose 
above  it.  The  terminator  was  a  little  east  of  the  cone,  and  the  next  ridge 
beyond  the  cone  towards  the  east  was  becoming  visible. 

Mr.  Carpenter  was  the  only  observer  who  saw  on  the  cone  the  crater- 
opening.  Prom  the  drawings  and  descriptions  of  this  object,  it  would  appear 
to  be  very  similar  to  a  terrestrial  volcanic  cone,  the  eastern  side  being  broken 
down.  •  Messrs.  Joynson  and  Williams  record  the  cone  as  "  a  bright  point," 
an  appearance  it  would  present  in  telescopes  of  smaller  aperture  than  those 
in  which  it  was  seen  as  a  cone  with  crater-opening. 

During  the  earlier  period  of  the  observations  the  altitude  of  the  sun  was 
less  than  1°,  but  as  it  became  higher  a  change  was  observed,  which  will  be 
described  presently.  The  great  importance  of  determining  the  true  nature 
of  this  change  is  obvious.  Was  it  actual,  or  was  it  optical  ?  So  far  as  the 
observations  from  1866  (Oct.  16)  to  1868  (Sept.  7)  testify,  this  change  takes 
place,  more  or  less  constantly,  with  low  solar  altitudes  (see  post,  p.  45,  points 
of  contrast  7th  and  8th).  It  is  consequently  of  importance  to  ascertain  by 
future  observation  whether  the  transition  from  the  visibility  of  the  lunar 
surface  to  that  of  a  white  spot,  by  or  in  which  the  character  of  the  surface 
is  no  longer  rendered  apparent,  is  constant  for  solar  altitudes  and  azi- 
muths of  the  same  value.  If  the  change  be  purely  optical  and  dependent 
upon  the  two  conditions  following,  viz.  the  nature  of  the  lunar  surface  on 
the  one  hand,  and  the  incidence  of  the  solar  rays  on  the  other,  as  soon  as 
the  sun  attains  the  requisite  altitude  and  azimuth,  the  altered  appearance 
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supervenes :  but  if  the  surface  itself  should  at  any  time  be  altered  so  that 
with  the  same  incidence  of  the  sun's  rays  the  former  altered  appearance 
should  be  no  longer  observed,  the  change,  of  whatever  nature  it  may  be, 
could  not  in  that  case  be  referred  to  a  purely  optical  source,  some  real 
change,  either  of  a  temporary  or  lasting  character,  must  have  transpired. 
While  the  change  about  to  be  described  is  constant  for  constant  solar  alti- 
tudes and  azimuths,  the  question  whether  it  is  purely  optical,  or  whether  it 
is  connected  with  a  temporary  but  real  diurnal  change  cannot  be  resolved  ; 
but  as  soon  as  the  character  of  the  surface,  as  seen  at  sunrise  and  sunset,  is 
also  clearly  perceptible  with  solar  altitudes  higher  than  those  at  which  the 
white  spot  now  appears  and  disappears,  the  phenomenon  is  at  once  removed 
from  the  category  of  optical  to  that  of  real  change, — it  may  be  temporary  as 
referred  to  the  luni-solar  day,  or  of  a  more  lasting  nature  if  the  surface 
itself  should  undergo  a  physical  change.  This  will  to  a  great  extent  pre- 
clude the  expression  of  opinion,  which  is  generally  founded  more  or  less  on 
insufficient  evidence ;  observation  alone  can  guide  us  to  a  safe  conclusion 
in  connexion  with  the  questions  raised  on  LinrU.  While  refraining  from 
expressing  an  opinion,  we  ought  not  to  relax  in  collecting,  arranging,  and 
discussing  evidence,  as  the  only  means  by  which  we  can  obtain  such  an 
acquaintance  with  the  phenomena  of  the  moon's  surface  as  may  enable  us 
finally  to  dispose  of  such  questions  as  are  at  present  agitated  respecting  them. 
The  change  above  alluded  to  is  best  elucidated  by  tie  following  records  of 
observation. 

The  first  notice  of  change  occurs  in  the  following  extracts  from  Mr.  Birt's 
note-book : — 

"  10.30.  During  the  last  half-hour  a  decided  change  has  occurred  in  the 
appearance  of  LinrU  •  *  •  The  cone  is  no  longer  visible,  nor  the  shadow,  but 
a  somewhat  bright  white  spot,  larger  than  I E' 8  [the  southern  of  the  three 
craters  to  the  N.W.],  and  nearly  as  large  as  I E*1"  [the  middle  of  the  three 
craters]. 

I  have  received  from  Mr.  Gorton  a  drawing  of  LinnS  made  by  Mr.  Wil- 
liams of  Liverpool,  on  the  evening  of  June  26,  at  11  p.m.,  in  which  LinrU  is 
represented  as  a  white  spot.  This  differs  so  very  materially  from  the  earlier 
observations  that  a  correspondence  ensued,  of  which  the  following  is  the 
result: — 

"  Although  the  drawings  [Mr.  Huggins's,  Mr.  Carpenter's,  and  Mr.  Wil- 
liams's] were  made  on  the  same  evening,  and  differ  amongst  themselves, 
there  does  not  appear  to  be  any  contradiction.  Some  observers  saw  the  cone, 
another  the  opening,  and  others  the  bright  white  spot,  the  formation  of  which 
appears  to  have  been  actually  witnessed.  Mr.  Joynson  places  the  observa- 
tions of  Mr.  Birt  and  those  of  Mr.  Williams  in  conjunction  with  his  own  in 
juxtaposition,  thus : — 

1868.  Mr.  Birt  reports.  Messrs.  Joynson  &  Williams  report 

June  26,  10.0  Cone-shadow  well  marked.     A  bright  point. 

10.30  Cone  disappeared ;  a  some-     Spot  duller  and  flatter. 

what  bright  white  spot 
10.45  Spot  as  drawn  [t.  e.  the  ordi- 

to  dinary  white  spot].  Moon 

11.30  low." 

Mr.  Joynson  adds,  "  I  think  it  is  quite  clear  that  the  cone  or  bright  point 
gradually  took  the  aspect  of  a  spot,  and  as  it  enlarged  it  became  duller  and 
flatter." 
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The  transition,  to  which  allusion  has  been  made,  was  seen  on  the  evening 
of  the  26th  of  Jane  by  three  observers. 

The  next  favourable  opportunity  for  seeing  LinrU  near  the  terminator 
occurred  on  the  24th  of  August  1868.  The  following  is  a  record  of  observa- 
tions by  Mr.  Walker,  of  Teignmouth : — 

"  1868,  August  24d  7*  45m.  LinrU:  crater  on  the  top  of  a  gently  rising 
ground  (conical  shape),  wall  to  right  (east)  in  stronger  illumination ;  below 
to  left  appearance  of  depression.  Definition  good.  Could  not  make  out  any 
thing  inside  the  crater ;  crater  looked  clean ;  no  appearance  of  white  cloud  or 
haze." 

Subsequently  Mr.  Walker  furnished  the  following  explanation : — 

"  The  gently  rising  ground  I  spoke  of  was  exterior  to  LinnS,  nothing  of 
the  interior  or  floor  of  which  was  visible,  the  illumination  not  being  yet  high 
enough.  By  a  conical  shape  (not  a  well-chosen  phrase)  1  meant  that  the 
ground  rose  in  all  directions  around  Linne,  which  thus  presented  the  aspect  of 
a  shallow  crater  on  the  summit  of  a  rising  ground.  The  impression  of  shal- 
lowness was  conveyed  by  the  thinness  of  the  illuminated  circuit  of  the  cra- 
ter, and  1  think  also  by  the  shade  of  darkness  of  the  interior  of  the  crater. 
Of  the  cone  I  saw  nothing. " 

Mr.  Walker's  observation  very  fairly  agrees  with  those  made  on  June  26. 
The  rising  ground  appears  to  be  the  surface  between  the  ridges  upon  which 
the  cone  or  crater  is  situated.  Mr.  Walker  speaks  of  the  thinness  of  the  cir- 
cuit [Qy.  rim]  of  the  crater,  from  which  he  inferred  that  it  was  shallow ;  he  is 
decisive  upon  the  absence  of  the  white  cloud  or  spot. 

Under  the  evening-illumination  of  the  same  luni-solar  day,  on  Sept.  7, 
1868,  11.30  to  12.0  L.M.T.,  Maresfield,  Sussex,  Capt.  Noble  recorded  the 
following  observation : — 

"  With  powers  of  154,  255,  and  394,  Iinne,  which  is  now  tolerably  near 
the  terminator,  suggests  the  idea  of  being  a  mammillariform  object.  1  some- 
times seem  to  glimpse  a  darker  (though  by  no  means  black)  spot  near  the 
middle  of  it,  giving  it  the  aspect  of  a  thick  ring  ;  but  as  the  shading  is  in  the 
opposite  side  to  the  sun,  and  is  moreover  faint,  it  is  just  possible  that  it  may 
be  the  result  of  the  convexity  of  this  wonderful  object." 

Two  hours  later,  viz.  Sept.  7,  1868,  14h,  Mr.  Walker,  of  Teignmouth,  re- 
corded as  follows : — 

"  Endoxus  on  terminator.  Linni.  Hill  on  cast  side  of  the  crater  bright. 
Crater  dark  inside.  Curved  ridge,  N.W.  cut  by  the  terminator.  Two  other 
ridges  8.,  the  east  one  sweeping  up  to  Sulpicius  G alius,  which  was  very 
marked,  round,  and  has  higher  walls  than  Linni,  which  is  rather  the  larger 
perhaps  of  the  two,  and  oval-shaped.  Fancied  the  hill  or  elevated  portion  of 
the  crater  E.  had  a  crater  on  it." 

Mr.  Walker's  observation  is  accompanied  by  a  sketch,  from  which  it  ap- 
pears that  the  portion  designated  as  the  crater  is  the  surface  between  the 
ridges,  the  rising  ground  of  the  morning  illumination,  and  that  the  hill  on 
the  east  is  the  cone  on  which  Mr.  Walker  thought  be  saw  a  crater  (the  cra- 
ter-opening) ;  this  hill  occupies  the  precise  position  of  the  cone  in  the  observa- 
tions of  June  26. 

The  observations  of  Mr.  Walker  and  Capt.  Noble,  on  Sept.  7,  bear  the  same 
relation  to  each  other  as  the  earlier  observations  on  June  26  do  to  the  ob- 
servation of  Messrs.  Joynson  and  Williams  on  the  same  evening.  In  one 
case  we  have  the  topographical  features  of  the  district  near  Linni  replaced 
hj  the  white  spot ;  in  the  other  the  white  spot  is  first  seen,  but  in  a  short 
time  it  has  disappeared,  and  the  features  of  the  district  have  become  visible. 
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The  change  to  and  from  the  white  spot  in  each  case  is  well  marked ;  and  it 
now  remains  to  ascertain  if  this  change  always  takes  place  with  the  same 
solar  altitudes  and  azimuths.  To  observe  the  topographical  features  and 
witness  the  transition,  it  is  necessary  that  Linni  should  be  very  near  the 
terminator. 

Herr  von  Madlor  has  obligingly  communicated  the  following  memorandum 
respecting  LintU : — 

"  The  insrument  I  made  use  of  to  produce  drawings  of  the  moon  was  a 
refractor  of  3f  feet  of  focal  length  and  43  lines  of  aperture.  Commonly  I 
employed  a  magnifying-power  of  300,  but  the  trigonometrical  measurements 
have  been  executed  with  a  magnifying-power  of  120,  which  allowed  me  to 
reach  to  the  edge  of  the  moon." 

"  Respecting  the  crater  Linne,  it  was  a  principal  point  in  my  trigonometri- 
cal network,  and  consequently  I  have  observed  it  very  often. 

"  I  remember  that  this  crater  did  occupy  the  greatest  part  of  the  diameter 
of  the  circular  wall,  so  that  if  a  6  extended  over  1*4  Ger- 
man mile  (6*4  English),  a'  b'  was  at  least  0*9. 

"  I  have  never  seen  any  real  change,  only  optical  ones. 
"  Only  in  or  near  the  full  moon  it  was  a  white  spot,  almost 
as  white  in  the  middle  as  on  the  edges ;  these  edges  were 
not  wholly  distinct,  but  always  circular  and  fit  for  measure- 
ment. 

"  The  deepness  of  the  crater  must  have  been  considerable ;  for  I  have 
found  an  interior  shadow  when  the  sun  had  attained  an  altitude  of  30°.  I 
have  never  seen  a  central  mountain  in  the  interior. 

(Signed)  "  Madlek." 

Without  expressing  the  slightest  opinion  on  the  questions  of  change  or 
fixity  derived  from  a  comparison  of  the  above  with  recent  observations,  it 
may  be  permissible  to  notice  the  points  of  contrast  between  the  earlier  and 
more  recent  observations  of  UnrU  which  the  statements  of  the  Baron  Madler 
afford.  Such  a  comparison  and  contrast  is  essential  if  we  desire  to  arrive  at 
a  true  conclusion.     The  following  appear  to  be  the  most  important. 

Points  of  contrast  between  earlier  delineations  and  recent  observations  of 
the  lunar  crater  Linni : — 

1st.  The  earliest  authentic  delineations  and  records  of  Linni  represent  this 
object  as  a  crater,  assign  to  it  a  diameter  of  about  six  English  miles,  and 
speak  of  it  as  being  very  deep. 

2nd.  Keccnt  observations,  i.  e.  from  1866,  Oct.  16,  to  1868,  Sept.  7,  are 
decisive  as  to  the  existence  of  a  small  cone,  with  crater-opening  on  the  por- 
tion of  the  Mare  Serenitatis  surrounded  by  ridges. 

3rd.  It  has  been  assumed  that  the  white  spot  v  in  Schrfcter's  Tafel  ix. 
represents  Linni  as  seen  on  Nov.  5,  1788,  and  that  its  present  state  is 
nearly  similar. 

4th.  Capt.  Noble  pointed  out,Fat  a  Meeting  of  the  Royal  Astronomical  So- 
ciety, that  a  line  drawn  from  Plinius  through  Bessel  will  fall  on  Linni.  This 
line  on  Schroter's  drawing  falls  very  nearly  on  the  dark  spot,  which  is 
very  unlike  the  appearance  of  Linni  at  present. 

5th.  Herr  von  Madler  has  very  recently  recorded  that  in  1831  the  crater- 
opening  occupied  0*9  of  the  diameter  of  the  external  wall,  which  measured 
about  6*4  miles  English. 

6th.  The  diameter  of  the  base  of  the  cone  recently  observed  is  less  than 
three  English  miles,  and  the  crater-opening  still  smaller. 
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7th.  In  the  year  1831  {authority  Herr  yon  Madler)  the  white  spot  was 
seen  only  near  the  time  of  full  moon,  almost  as  white  in  the  middle  as  at  the 


8th.  In  the  years  1867  and  1868  the  white  spot  appeared  shortly  after 
sunrise  and  disappeared  a  little  before  sunset,  and  was  frequently  observed 
to  have  a  brighter  nucleus,  instead  of  being  almost  as  white  in  the  middle  as 
at  the  edges. 

9th.  In  the  year  1831  {authority  Herr  von  Madler)  the  interior  shadow 
was  perceptible  until  the  sun  attained  an  altitude  of  30°. 

10th.  In  the  years  1867  andl868  the  small  crater-opening  has  been  seen  as 
a  small  black  spot,  rather  west  of  the  centre  of  the  white  spot,  long  after 
the  terminator  has  passed  Lintti,  but  the  usual  interior  crater-shadow  has 
not  been  seen  except  with  comparative  low  solar  altitudes. 


Fourth  Report  of  the  Committee  for  Exploring  Kent? 8  Cavern,  Devon- 
shire.  The  Committee  consisting  of  Sir  Charles  Lyell,  Bart., 
Professor  Phillips,  Sir  John  Lubbock,  Bart.,  Mr.  John  Evans, 
Mr.  Edward  Vivian,  Mr.  George  Busk,  and  Mr.  William  Pen- 
gellt  (Reporter). 

Iv  their  Third  Report,  presented  to  the  Association  in  1867,  the  Committee 
stated  that  the  Cavern  consists  of  two  parallel  series  of  chambers  and  gal- 
leries, having,  approximately,  a  north  and  south  direction;  that  their  re- 
searches had  been  confined  to  the  Eastern  Series,  in  which  the  North-east 
Gallery,  the  Vestibule,  the  Passage  of  Urns,  the  Great  Chamber,  and  the 
Gallery  had  been  completely  explored  to  the  depth  of  4  feet  below  the  base 
of  the  Stalagmitic  Floor ;  that  the  investigation  of  the  Lecture  Hall  had  been 
begun,  but  that  the  greater  part  of  it,  as  well  as  the  entire  South-western 
Chamber  and  the  North  and  South  "  Sally  Ports,"  remained  untouched. 

The  year  1867-68  has  been  devoted  to  the  Lecture  Hall  and  South-west 
Chamber.  The  exploration  of  the  former  has  been  completed,  and,  so  far  as 
an  estimate  can  at  present  be  formed,  the  latter  will  have  been  thoroughly 
investigated  in  about  two  months  from  the  present  time.  There  is,  however, 
some  uncertainty  on  this  question,  since  the  further  end  of  this  Chamber  is 
now  closed  with  an  enormous  accumulation  of  stalagmite ;  and  it  is  not  im- 
probable that  when  this  is  removed  the  apartment  may  prove  to  be  much 
larger  than  is  at  present  supposed.  The  Superintendents  of  the  work  incline 
to  the  opinion  that  a  gallery  will  sooner  or  later  be  laid  open  here,  which 
will  lead  into  the  Western  Series  of  Chambers  and  Galleries.  There  is  at 
present  but  one  known  channel  of  communication  between  the  two  series — 
that  leading  westward  out  of  the  Vestibule,  near  the  opposite  or  northern 
end  of  the  Cavern. 

The  Committee  continue  to  follow  the  mode  of  exploration  laid  down  at 
the  commencement  of  the  work,  and  described  in  detail  in  their  First  Report, 
presented  in  1865.  The  deposits  are  excavated  in  successive  foot-parallels, 
and  each  parallel  is  removed  in  foot-levels,  to  the  depth  of  4  feet  beneath 
the  lower  surface  of  the  Stalagmitic  Floor.  In  no  instance  has  anything  like 
a  continuous  limestone  bottom  of  the  Cavern  been  reached ;  but  a  depth 
greater  than  4  feet  would  be  incompatible  with  convenient,  economical,  trust- 
worthy working,  as  it  would  be  necessary  to  be  continually  putting  up  and 
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taking  down  Scaffolding  or  working-platforms,  and  there  would  be  a  great 
liability  for  the  deposit  to  "  cave  in,"  which,  by  rendering  it  impossible  to 
determine  their  exact  positions  and  associations,  would  deprive  the  objects 
found  of  much  of  their  interest,  as  Well  as  of  their  value  as  evidence. 

The  workmen  still  follow  the  practice  of  first  examining  the  deposits  in 
situ,  and  of  re-examining  them  by  daylight  at  the  entrance  of  the  Cavern : 
the  lines  described  in  the  First  Report  (1865)  are  still  employed  in 
order  to  fix  the  precise  position  of  every  object  found ;  the  specimens,  as  at 
the  beginning,  are  all  carefully  cleaned  and  labelled,  those  found  in  each 
"  yard"  (mass  of  deposit  a  yard  long  and  a  foot  square  in  the  section)  are 
kept  together  in  a  separate  box ;  the  Cavern  is  visited  daily  by  the  Superin- 
tendents ;  the  Secretary  continues  to  keep  a  daily  journal  of  the  work  ;  Re- 
ports, signed  by  both  Superintendents,  are,  at  the  end  of  each  month,  for- 
warded to  Sir  C.  Lyell,  Chairman  of  the  Committee ;  and  well-defined  and 
satisfactory  arrangements  exist  for  the  admission  of  visitors  accompanied  by 
the  Superintendents,  so  as  at  once  to  keep  alive  a  healthy  interest  in  the 
exploration  and  to  prevent  inconvenience  from  their  visits. 

Amongst  the  numerous  visitors  during  the  past  year,  the  Superintendents 
had  the  pleasure  of  receiving  Dr.  Hooker,  President  of  the  British  Associa- 
tion. 

The  Lecture  Hall.— In  their  Third  Report  (1867),  the  Committee  stated 
that  researches,  probably  on  a  somewhat  large  scale,  had  been  carried  on  in 
the  Lecture  Hall  by  Mr.  M'Enery  and  the  other  early  explorers,  who,  in- 
stead of  taking  out  of  the  Cavern  that  portion  of  the  deposits  which  they 
had  examined,  simply  threw  it  on  one  side.  On  the  removal  of  this  dislodged 
material,  the  Committee  found  that  they  had  considerably  over-estimated  the 
extent  of  the  old  working,  and  that  by  far  the  greater  portion  of  the  deposits 
in  this  Hall  remained  indubitably  intact. 

The  objects  met  with,  not  only  in  the  broken  ground,  but  in  every  locality 
about  which  there  was  the  least  uncertainty,  were  carefully  kept  distinct 
from  those  found  in  undoubted  virgin  soil. 

Without  at  present  entering  into  details,  it  may  be  stated  that  in  the  Lec- 
ture Hall  the  deposits  were  of  the  same  general  character  and  order  as  in 
those  parts  of  the  Cavern  which  the  Committee  had  previously  explored  and 
reported  on, — Red  Cave-earth  of  unknown  depth,  completely  sealed  up  with 
a  Stalagmitic  Floor,  whioh,  in  its  turn,  was  covered  with  a  layer  of  Black 
Mould. 

The  objects  found  in  the  overlying  Black  Mould  were  less  numerous  than, 
but  similar  to,  those  described  from  the  same  accumulation  in  former  Reports. 
Amongst  them  may  be  mentioned  several  pieces  of  pottery,  a  spindle- whorl, 
a  roughly  shapen  piece  of  New  Red  Sandstone,  a  portion  of  a  bone  comb, 
part  of  a  small  vase,  a  small  red  earthenware  pan,  marine  shells,  a  small  piece 
of  smelted  copper,  the  entire  lower  jaw  and  an  almost  complete  skull  of  a 
badger,  part  of  a  human  upper  jaw  with  eight  teeth,  of  which  four  are  still 
in  their  sockets,  and  the  internal  cast  of  a  fossil  shell. 

The  potsherds  do  not  require  detailed  description,  most  of  them  are  of 
black  coarse  clay  mixed  with  small  stones,  some  of  them  are  ornamented, 
whilst  others  are  plain,  and,  in  short,  they  closely  resemble  those  described 
in  the  former  Reports. 

The  spindle- whorl  is  of  clay-slate,  measures  an  inch  in  diameter  and  half 
an  inch  in  depth,  and  is  ornamented  with  a  series  of  curvilineal  and  straight 
lines,  both  on  its  curved  and  flat  surfaces.  It  is,  perhaps,  worthy  of  remark 
that,  though  the  Cavern  has  yielded  spindle- whorls  formed  of  different  kinds 


Digitized  by 


Google 


on  Kent's  cavern,  Devonshire.  47 

of  stone,  the  best  made,  the  most  highly  finished,  and  the  only  ornamented 
specimens  are  fashioned  in  slate. 

The  piece  of  red  sandstone  was  perhaps  a  spindle- whorl  marred  in  the 
making.  Good  specimens  formed  of  the  same  material  have  been  found  in 
the  Cavern  in  previous  years.  It  is  rudely  of  the  required  form,  about  the 
sue  of  a  rather  large  whorl,  but  is  imperforate. 

But  for  the  more  or  less  perfect  specimens  found  in  former  years,  it  would 
not  have  been  easy  perhaps  to  identify  the  fragment  of  bone  comb.  It  is 
but  a  portion  of  what  may  be  called  the  shaft,  both  ends  having  been  broken 
off.  It  must  have  been  of  the  same  type  as  those  described  in  previous  Re- 
ports, all  of  which  had  their  teeth  at  one  end ;  but  it  differs  from  all  those 
found  before  in  being  ornamented  with  well-drilled,  small,  circular  punctures, 
which  traverse  the  shaft  obliquely  in  two  parallel  series,  the  direction  of  one 
set  being  at  right  angles  to  that  of  the  other. 

The  red  earthenware  vessel  is  no  doubt  a  pan  of  the  kind  used  for  flower- 
pots to  stand  in,  and  is  clearly  modern. 

The  marine  shells  are  chiefly  those  of  the  Oyster,  Cockle,  and  Pecten. 
One  of  the  last  has,  near  its  anterior  margin,  a  small  elliptical  hole,  which  is 
probably  artificial. 

The  human  jaw  and  teeth  may  be  comparatively  modern.  They  were 
submitted  to  Messrs.  Bodway,  the  eminent  dentists  of  Torquay,  who  stated 
that  "  several  of  the  alveoli  possessed  peculiar  irregularities,  which  confirm 
other  unmistakeable  evidence  that  the  whole  of  the  teeth  belonged  to  the 
same  individual ;  that  the  loose  teeth  were  considerably  worn  away,  parti- 
cularly the  canine,  at  the  end  of  which  is  exostosis,  which  was  caused  by  the 
whole,  or  the  greater  part,  of  the  mastication  of  later  years  being  performed 
by  the  canine ;  that  they  were  the  teeth  of  an  old  person,  probably  a  man ; 
and  that  they  would  be  likely  or  certain  to  preserve  their  freshness  of  aspect 
for  an  indefinite  period." 

The  cast  of  the  fossil  shell  is  apparently  from  the  Oolite,  and  was  perhaps 
lost  in  the  Cavern  by  some  geological  tourist  just  arrived  from  the  neighbour- 
ing Jurassic  district  of  Dorsetshire. 

With  the  exception  of  the  ground  broken  by  the  early  explorers,  which 
has  been  already  mentioned,  the  Stalagmitic  Floor  was  everywhere  continu- 
ous. It  varied  from  2  to  32  inches  in  thickness,  but  rarely  measured  less, 
and  commonly  more,  than  6  inches.  It  was  generally  of  granular  structure, 
but  occasionally  crystalline,  and  sometimes  made  up  of  alternate  crystalline 
and  granular  layers.  It  contained  numerous  blocks  of  limestone  and  of  old 
stalagmite ;  the  former  had  no  doubt  fallen  from  the  roof  from  time  to  time, 
and  some  of  them  measured  as  much  as  4  feet  in  length.  In  addition  to 
such  as  were  completely  incorporated  in  the  floor,  there  were  many,  as  in 
other  branches  of  the  Cavern,  wbich  were  lodged  in  and  rose  above  it,  whilst 
others  projected  from  it  downwards  into  the  Cave-earth. 

The  imbedded  masses  of  stalagmite  were  invariably  of  a  structure  unlike 
that  of  the  floor  in  which  they  were  lodged.  In  all  cases,  they  were,  at 
once,  finely  laminated  and  highly  crystalline,  the  latter  character  being  dis- 
played in  a  columnar  or  fibrous  structure  at  right  angles  to  the  laminae,  whe- 
ther the  latter  were  Diane  or  curvilinear.  In  some  cases,  these  blocks,  like 
those  of  limestone  just  mentioned,  projected  above  or  below  the  Floor  into  the 
Black  Mould  or  Cave-earth  respectively,  whilst  others  were  completely  in- 
vested. It  cannot  be  doubted  that  they  were  fragments  of  an  older  Floor, 
which,  as  stated  in  previous  Beports,  and  especially  the  third  (1867),  had 
been  at  least  partially  broken  up  at  a  comparatively  early  period  in  the 
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Cavern's  history.  It  will  be  convenient  thereforeto  speak,  in  future,  of  the 
floor  represented  by  these  blocks  as  "  The  Older  floor,"  and  of  that  which 
the  Committee  found  spreading  in  an  unbroken  sheet  through  all  branches  of 
the  Cavern  as  "  The  Modern  Floor." 

As  in  former  years,  bones  were  occasionally  found  in  the  Modern  Floor  of 
Stalagmite  in  the  Lecture  Hall.  Amongst  the  most  important  are  a  fine  molar 
of  Rhinoceros,  a  premolar  of  Hyaena,  two  or  three  molars  of  Bear,  a  large 
part  of  a  humerus,  probably  of  Bear,  and  an  o*  edicts  of  some  large  animal. 

The  teeth  of  Rhinoceros  and  Hyaena  were  found,  in  the  presence  of  one  of 
the  Superintendents,  September  21, 1887,  lying  together  very  little  below  the 
upper  surface  of  the  Stalagmite.  Since  the  times  of  BJiinoceros  tichorhinus 
and  Hyaena  spehxa  in  Devonshire,  therefore,  the  increase  of  thickness  of  the 
Stalagmitic  Floor,  in  that  particular  part  of  the  Cavern,  has  been  barely  suf- 
ficient to  cover  these  interesting  relics. 

A  few  examples  of  charred  wood  were  found  in  the  same  Floor. 
In  most  cases,  the  composition  of  the  Cave-earth  was  of  the  ordinary 
typical  character — about  equal  parts  of  red  loam  or  clay,  and  of  compara- 
tively small  angular  fragments  of  limestone.  In  this  condition  it  almost  in- 
variably contained  bones,  but  when  there  was  any  marked  departure  from  it, 
by  either  loam  or  stones  being  greatly  in  excess,  bones  were  extremely  rare. 
In  a  few  instances,  the  deposit  was  a  mixture  of  fine  earth  and  sand,  resem- 
bling ordinary  road-washing,  and  contained  no  trace  of  bone. 

The  Cave-earth  contained  a  considerable  number  of  fragments  of  Devonian 
grit,  huge  blocks  of  limestone,  large  masses  of  old  stalagmite,  and  loose 
lumps  of  rock-like  breccia. 

The  grit  fragments  could  not  have  been  derived  from  the  Cavern -hill,  but 
were  probably  furnished  by  neighbouring  loftier  eminences.  They  have 
assumed  subangular  or  well-rounded  forms  indicative  of  the  rolling  action  of 
water,  but  their  transportation  into  the  Cavern  by  this  agency  would  require 
that  the  district  should  have  a  surface- configuration  very  unlike  that  which 
now  obtains. 

In  addition  to  the  grit  pebbles,  there  were  found  mingled  with  them  sub- 
angular  and  rounded  pieces  of  quartz  and  flint,  and  also  a  small  angular  piece 
of  crystalline  schist,  such  as  is  not  found  in  any  part  of  the  Torbay  district, 
but  is  characteristic  of  the  southern  angle  of  Devonshire,  or  what  may  be 
called  the  Start  and  Bolt  district.  A  pebble  believed  to  have  been  derived 
from  the  same  locality  was  mentioned  in  the  Second  Report  (1866). 

The  blocks  of  limestone  occurred  at  all  levels  in  the  deposit ;  they  were  all 
quite  angular,  and  some  of  them  many  tons  in  weight. 

The  masses  of  old  stalagmite  were  of  the  same  structure  as  those  in  the 
Modern  Floor,  and  were  found  everywhere  in  the  Cave-earth ;  they  were 
all  in  the  form  of  huge  cuboidal  blocks,  with  sharp  unrounded  edges.  The 
Older  Floor,  of  which  they  are  obviously  remnants,  appears  to  have  been 
broken  up  by  being  fractured  along  planes  at  right  and  other  high  angles  to 
its  upper  and  lower  surfaces.  There  appears  to  have  been  no  instance  of 
division  in  planes  even  distantly  approaching  parallelism  to  these  surfaces. 
Many  of  them  contained  teeth  and  bones,  all,  so  far  as  they  were  identified, 
the  remains  of  the  Cave-bear. . 

The  loose  lumps  of  rock-like  breccia  were  of  a  more  or  less  rounded  form, 
and  were  composed  of  red  earth,  angular  pieces  of  limestone,  and  rounded 
and  Bubangular  pieces  of  Devonian  grit ;  they  differed  from  the  Cave-earth 
in  being  invariably  cemented  together  like  a  firm  mass  of  concrete,  and  in 
containing  a  considerably  greater  proportion  of  .fragments  of  grit.     Almost 
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all  of  them  were  crowded  with  teeth  and  bones,  which,  so  far  as  is  known, 
are  those  of  the  Cave-bear.  No  teeth-marks  have  been  detected  on  any  of 
them,  nor  were  there  any  traces  of  faecal  matter.  Many  of  the  canines  and 
molars  were  of  great  size,  and  some  of  the  former  were  so  much  worn  as  to 
suggest  that  they  had  belonged  to  old  animalA  whose  molars  had  become  in- 
capable of  performing  their  functions. 

These  lumps  of  breccia  had  not  the  appearance  of  being  portions  of  the 
ordinary  Cave- earth  agglomerated  in  situ.  Their  aspect  was  rather  that  of 
remnants  of  a  deposit  older  than  that  in  which  they  were  incorporated, — the 
deposit,  in  fact,  which  the  Older  Floor  of  Stalagmite  had  covered,  and  on 
which  it  had  been  formed.  To  a  large  extent,  this  opinion  received  confir- 
mation in  the  fact,  already  mentioned,  that  the  osseous  remains  in  the  lumps 
of  breccia  as  well  as  in  the  blocks  of  old  stalagmite  were,  at  least  mainly, 
those  of  the  Cave-bear,  the  other  members  of  the  Cave-fauna  being  unre- 
presented. 

The  Cave-earth  in  the  Lecture  Hall  contained  teeth  of  Horse,  Khinoceros, 
Hyaena,  Bear,  Fox,  Deer,  Mammoth,  lion,  Ox,  and  Badger ;  their  prevalence 
being  indicated  by  the  order  in  which  their  names  are  given,  those  of  the 
Horse  being  the  most,  and  of  the  Badger  the  least  abundant.  The  teeth 
were  accompanied  by  a  considerable  number  of  bones,  many  of  which  were 
deeply  scored  with  teeth-marks,  others  were  split  longitudinally,  and  several 
were  invested  with  thin  films  of  stalagmite,  irrespective  of  the  depth  at 
which  they  were  found.  These  different  conditions  of  the  bones  are  inter- 
esting and  significant, — the  first  implying  the  presence  of  the  living  hyaena, 
the  second  the  operations  of  man,  and  the  last  the  slow  and  intermittent 
accumulation  of  the  Cave-earth,  since  each  bone  must  have  lain  on  what  was 
the  upper  surface  of  the  deposit  for  a  considerable  period,  during  which  it 
was  exposed  to  the  action  of  the  lime-laden  drip  from  the  roof  of  the  Cavern. 

The  statement,  in  the  Third  Report  (1867),  that  faecal  matter  was  met 
with  almost  exclusively  in  the  Great  Chamber,  requires  considerable  modifica- 
tion. During  the  year  1867-68  a  greater  quantity  of  this  material  was  found 
in  the  Cave-earth,  in  the  Lecture  Hall,  than  had  been  met  with  previously 
in  the  adjacent  Chamber  just  spoken  of;  it  occurred  at  all  levels,  and  some- 
times in  masses  a  foot  high.  Occasionally  individual  coprolites  were  en- 
countered which  had  undergone  no  change  either  of  place  or  of  form  since 
they  were  originally  dropped  by  the  hyaena — a  fact  which  goes  far  to  show 
that  the  Cave-earth  was  neither  all  introduced  at  one  and  the  same  time,  nor 
by  violent  agency,  such  as  a  great  rush  of  water. 

This  branch  of  the  Cavern  was  not  very  productive  of  flint  tools,  or, 
with  the  exception  of  split  bones,  other  evidences  of  human  existence. 
Omitting  mere  chips  and  doubtful  flakes,  it  yielded  no  more  than  five  imple- 
ments, all  of  which  are  very  inferior  to  the  fine  specimens  discovered  in 
former  years.  Two  of  them  were  found  in  the  first  foot-level,  two  in  the 
second,  and  one  in  the  third.  One  of  them  is  formed  of  grey  cherty  flint,  of 
a  kind  which  the  old  men  of  Kent's  Hole  frequently  employed ;  the  others 
are  of  a  finer  variety,  and  of  the  prevalent  white  colour.  They  all  belong  to 
the  Lanceolate  type  of  implement.  The  best  of  the  series  is  that  composed 
of  chert ;  it  was  found  in  the  first  or  uppermost  foot-level,  October  18th, 
1867.  Its  point  had  been  broken  off  before  it  was  met  with.  At  present  it 
measures  2*8  inches  in  length,  and  1*3  inch  in  greatest  breadth.  There 
does  not  appear  to  have  been  much  skilled  labour  expended  on  it,  and  its 
edges  are  considerably  broken. 

South-west  Chamber. — The  "  Lecture  Hall "  opens  on  its  south-western 
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side  into  an  apartment,  which,  on  account  of  its  position  in  relation  to  the 
other  branches  of  the  Eastern  Series,  has  been  termed  the  "  South-west 
Chamber."  It  is  at  present  comparatively  small,  but,  as  has  been  already 
remarked,  it  may  prove  when  completely  emptied  to  be  much  larger.  At 
the  junction  of  the  two  apartments,  the  space  between  the  opposite  walls  of 
the  Cavern  is  inconsiderable ;  and  this,  before  the  workmen  commenced  their 
excavations,  was  much  diminished  by  an  enormous  mass  of  limestone  which 
had  fallen  from  above,  and  was  estimated  at  upwards  of  100  tons.  Its  base 
was  buried  from  two  to  three  feet  deep  in  the  Cave-earth,  and  its  summit 
reached  a  height  of  fully  six  feet  above  the  Modern  Floor  of  Stalagmite.  On 
account  of  its  form  it  was  commonly  known  as  the  "  Pulpit  Rock,"  but  it 
not  unfrequently  received  the  appellation  of  the  "  Lecturer's  Rostrum," 
mainly  because,  when  lectures  were  delivered  within  the  Cavern  on  its  his- 
tory and  formation,  the  speaker  always  took  his  stand  on  this  rock,  his  au- 
dience being  assembled  in  the  adjacent  Lecture  Hall.  The  removal  of  the 
Pulpit  absorbed  a  considerable  amount  of  time,  but  it  was  quite  indis- 
pensable in  order  to  the  excavation  of  the  South-west  Chamber,  the  entrance 
of  which  it  guarded. 

In  the  South-west  Chamber  there  was  no  trace  of  the  overlying  Black 
Mould.  This  accumulation  had  presented  itself  in  every  other  branch  of  the 
Eastern  Series  of  chambers  and  galleries,  with  the  single  exception  of  the 
inner  portion  of  the  Gallery  in  the  western  wall  of  the  Great  Chamber,  where 
it  gradually  thinned  out.  It  covered  the  entire  Floor  of  the  Lecture  Hall  to 
a  depth  as  great  as  in  any  other  part  of  the  Cavern,  but  it  terminated 
abruptly  at  the  Pulpit  Rock,  and  was  not  resumed  southwards. 

In  1846,  a  Subcommittee  of  the  Torquay  Natural-History  Society,  con- 
sisting of  Br.  Battersby  and  the  Superintendents  of  the  present  work,  com- 
menced a  search  in  this  Chamber,  when  they  broke  up  the  Modern  Floor  of 
Stalagmite  over  a  rudely  circular  area  about  6  feet  in  diameter.  They  ex- 
cavated the  underlying  Cave-earth  to  the  depth  of  about  2  feet,  when,  having 
found  nothing,  they  abandoned  the  search,  leaving  the  pit  empty  and  the 
materials  dug  out  of  it  lying  in  a  heap  near.  Probably  no  part  of  the  Cavern 
is  in  wet  weather  more  exposed  to  drip  than  this  ;  hence  it  might  have  been 
expected  that  here,  if  anywhere,  twenty-two  years  would  have  produced  a 
film  of  stalagmite  of  appreciable  thickness,  especially  as  it  was  known  that 
the  Modern  Floor  attains  an  average  thickness  considerably  surpassing  that 
in  any  other  part  of  the  Cavern  which  the  Committee  have  explored.  Yet 
not  a  film  was  to  be  found  either  at  the  bottom  of  the  pit,  on  the  section 
made  in  digging  it,  or  on  the  Cave-earth  thrown  out  of  it.  This  remote 
part  of  the  Cavern  was  very  rarely  entered  by  visitors,  and  the  operations  of 
nature  went  on  without  check  or  interference ;  but  everything  was  found 
precisely  as  it  was  left  upwards  of  twenty  years  ago. 

The  form  of  the  South-west  Chamber,  as  well  as  the  huge  accumulation 
of  stalagmite  on  its  western  side,  rendered  it  expedient  to  excavate  the  de- 
posits it  contained  in  two  distinct  "  Divisions "  or  series  of  workings — an 
eastern  and  a  western,  the  working  direction  in  the  former  being  southward, 
and  in  the  latter  westward.  The  first  has  been  completed,  and  considerable 
progress  has  been  made  in  the  second. 

With  the  exception  of  the  ground  broken  by  the  Torquay  Natural-History 
Society,  the  Modern  Floor  of  Stalagmite  was  everywhere  perfectly  continuous 
throughout  this  Chamber.  In  the  Eastern  Division  it  averaged  28  inches 
in  thickness ;  in  one  instance  only  it  was  no  more  than  6  inches ;  it  was  very 
seldom  so  little  as  a  foot,  and  it  several  times  attained  to  5  and  even 
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6  feet.  In  its  structure  it  was  commonly  granular,  except  at  and  near 
its  junction  with  the  walls  of  the  Cavern,  where  it  frequently  consisted  of 
thin  crystalline  laminae,  and  was  extremely  hard  and  tough.  Numerous 
angular  masses  of  limestone  were  found  in  it,  and  some  of  them  were  of 
great  size ;  hut  there  were  no  incorporated  blocks  of  old  stalagmite. 

In  the  northernmost  or  first  eight  foot-parallels  in  this  Division,  the  Cave- 
earth  occupied  each  entire  section,  from  the  bottom  of  the  Modern  Stalag- 
mitic  Floor  to  the  base  of  the  lowest  or  fourth  foot-level.  It  was  of  the 
ordinary  type,  and,  like  that  in  every  other  branch  of  the  Cavern,  contained 
large  blocks  of  limestone  and  of  old  stalagmite,  as  well  as  lumps  of  breccia, 
such  as  had  presented  themselves  in  the  adjacent  Hall. 

In  the  more  southerly  parallels  there  was  found  at  the  base  of  the  section, 
and  extending  quite  across  it  from  end  to  end,  a  deposit,  in  situ,  of  a  new 
type,  on  which  the  Cave-earth  at  once  rested.  This  proved  to  be  a  rock- 
like  breccia  composed  of  red  earth,  angular  pieces  of  limestone,  subangular 
and  rounded  pieces  of  grit  in  considerable  numbers,  blocks  of  ciystalline 
stalagmite,  and  bones,  all  cemented  into  a  firm  and  hard  concrete ;  in 
short,  with  the  single  exception  of  its  being  undisturbed,  it  was  of  precisely 
the  same  character  as  the  loose  lumps  previously  met  with  in  the  Lecture 
Rail.  In  each  succeeding  parallel  it  rose  higher  and  higher  in  the  section, 
the  overlying  Cave-earth  gradually  thinning  out. 

Six  feet  south  of  its  first  appearance,  this  Breccia  was  found  to  be  imme- 
diately overlaid  by  a  Floor  of  Crystalline  Stalagmite  nearly  2  feet  thick, 
which  separated  it  from  the  Cave-earth  above  ;  in  short,  there  were  in  this 
parallel,  in  the  same  vertical  section,  two  Floors  of  Stalagmite,  each  imme- 
diately overlying  the  accumulation  of  detritus  on  which  it  had  been  formed. 
From  this  point  to  the  end  of  the  Eastern  Division  of  the  Chamber  every 
parallel  disclosed  the  two  Floors ;  but  with  every  additional  foot  southwards, 
the  intermediate  band  of  Cave-earth  became  thinner  and  thinner,  until, 
before  the  southern  wall  was  reached,  it  altogether  disappeared,  and  the 
Modern  Floor  rested  at  once  on  the  Older  one.  These  two  accumulations  of 
stalagmite  were  commonly  distinguishable  by  their  different  structures, — the 
upper  being  granular  except  when  near  the  wall  of  the  Cavern,  the  lower 
invariably  crystalline. 

In  a  few  of  the  southernmost  parallels,  the  materials  at  the  bottom  of  the 
sections  were  not  cemented,  and  there  were  but  few  bones  mixed  with  them. 
In  all  other  respects  they  were  identical  with  the  concrete  immediately  above. 

It  has  been  already  stated  that  the  Modern  Floor  of  Stalagmite  was  every- 
where continuous.  Instead  of  this  being  the  case  with  the  Older  Floor,  it 
usually  extended  from  each  end  of  the  section  several  feet  towards  its  centre, 
but  in  all  cases  terminated  more  or  less  abruptly,  leaving  an  interspace, 
sometimes  as  much  as  7  feet  wide. 

In  this  branch  of  the  Cavern,  where  the  conditions  were  at  once  so  novel 
and  so  variable,  the  work  was  watched  with  the  utmost  care,  and  accurate 
measurements  and  descriptions  were  frequently  made.  The  following  sec- 
tions from  different  parts  of  the  Chamber  will  show  in  a  general  way  the 
succession  of  the  deposits,  in  descending  order : — 

Section  I.  Near  the  northern  end  of  the  Eastern  Division  of  the  South- 
west Chamber.  Length  21  feet  at  the  top,  and  11  feet  at  the  bottom.  Di- 
rection from  W.  5°  N.  to  E.  5°  S.  (mag.). 

First,  or  uppermost :  Modern  Floor  of  Stalagmite,  granular,  continuous, 
contained  large  masses  of  limestone ;  thickness  varied  from  28  to  36  inches. 

Second:  Cave- earth,  typical,  contained  a  considerable  number  of  large 


Digitized  by 


Google 


52  report— 1868. 

blocks  of  limestone  and  a  few  pieces  of  crystalline  stalagmite ;  thickness  un- 
known, but  more  than  4  feet. 

Section  II.  Near  the  middle  of  the  Eastern  Division  of  the  South-west 
Chamber.     Length  15  feet.     Direction  from  W.  5°  N.  to  E.  5°  S.  (mag.) 

First,  or  uppermost :  Modern  Floor  of  Stalagmite,  granular,  continuous, 
no  incorporated  stones ;  thickness  varied  from  17  to  29  inches. 

Second :  Cave-earth,  typical,  contained  large  pieces  of  limestone  and  crys- 
talline stalagmite ;  thickness  varied  from  3  inches  at  the  ends  of  the  section 
to  12  inches  in  the  middle. 

Third :  Older  Floor  of  Stalagmite,  crystalline,  discontinuous,  there  being  a 
considerable  hiatus  near  the  middle  of  the  section ;  thickness  14  inches. 

Fourth :  Rock-like  Breccia,  composed  of  red  earth,  small  angular  pieces  of 
limestone,  subangular  and  rounded  pieces  of  grit,  large  angular  masses  of 
limestone  and  of  crystalline  stalagmite,  cemented  into  a  strong  concrete; 
thickness  unknown,  but  more  than  31  inches.  The  Cave-earth  rested  im- 
mediately on  it  near  the  middle  of  the  section. 

Section  III.  Near  the  southern  end  of  the  Eastern  Division  of  the  South- 
west Chamber.     Length  8  feet.     Direction  from  W.  5°  N.  to  E.  5°  S.  (mag.) 

First,  or  uppermost :  Modern  Floor  of  Stalagmite,  generally  granular,  con- 
tinuous, no  incorporated  stones ;  thickness  varied  from  18  to  21  inches. 

Second :  Older  Floor  of  Stalagmite,  crystalline,  discontinuous ;  thickness 
varied  from  8  to  38  inches. 

Third :  Bock-like  Breccia,  in  all  respects  like  that  of  the  2nd  section ; 
thickness  2  feet. 

Fourth :  Uncemented  Breccia,  differing  from  the  overlying  mass  only  in 
being  uncemented  and  in  containing  but  few  bones. 

The  Modern  Stalagmitic  Floor  in  this  Division  of  the  Chamber,  as  else- 
where in  the  Cavern,  was  found  to  contain  a  few  bones  and  pieces  of  charred 
wood.  Of  the  former,  the  most  important  are  part  of  the  upper  jaw  of  the 
Cave-bear,  containing  both  canines  and  two  molars,  none  of  which  are  much 
worn.  With  this  fine  specimen,  which  was  extracted  in  the  presence  of  the 
two  Superintendents,  several  loose  molars  of  bear  were  found,  and  also  a  claw 
of  some  large  carnivore.  Besides  the  foregoing,  there  were  found  elsewhere 
in  this  Floor  a  fine  canine  of  Ursus  spelceus,  which  does  not  appear  to  have 
seen  much  service,  and  an  os  calcis  of  some  large  animal. 

The  Cave-earth,  too,  no  matter  how  thin  the  band  to  which  it  had  dwin- 
dled, continued  to  the  last  to  yield  remains  of  its  characteristic  fauna.  In 
this  deposit  there  were  found,  in  the  Division  of  the  Chamber  now  under 
notice,  teeth  and  other  relics  of  Bear,  Fox,  Horse,  Hyaena,  Rhinoceros,  Mam- 
moth, Hare,  and  bird.  The  frequency  with  which  they  were  met  with,  rather 
than  the  aggregate  number  of  specimens  in  each  case,  is  indicated  by  the 
order  in  which  the  names  stand,  the  remains  of  Bear  being  most  prevalent, 
whilst  those  of  bird  were  found  once  only.  In  the  same  branch  of  the  Cavern 
was  found  the  femur  of  a  Bear,  having  the  distal  end  perfect,  but  the  proxi- 
mal extremity  wanting.  This  is  the  largest  bone  found  during  the  present 
exploration  ;  it  was  lying,  with  the  anterior  portions  of  the  two  rami  of  the 
lower  jaw  of  a  young  JSycena  spelcea,  in  the  fourth  or  lowest  foot-level. 

As  elsewhere,  many  of  the  bones  were  well  scored  with  teeth-marks,  and 
some  were  split  lengthways.  Lumps  of  faecal  matter  also  were  occasionally 
met  with. 

A  few  flint  chips  were  likewise  found.  They  are  probably  of  artificial 
origin,  but  are  not  of  sufficient  value  to  require  description. 

Though  fragments  of  stone  which  the  Cavern  hill  could  not  have  supplied 
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were  much  more  abundant  in  the  rook-like  Breccia  than  in  the  Cave-earth, 
none  of  them  were  of  very  distant  derivation :  no  pieces  of  granite  from. 
Dartmoor,  or  of  crystalline  schist  from  the  Start  and  Bolt,  or  even  of  slate 
from  the  more  immediate  neighbourhood,  all  of  which  have  been  found  in 
the  Cave-earth. 

The  Breccia  was  so  extremely  hard  and  difficult  to  work  as  to  render  it 
necessary  to  split  it  out  with  chisels,  which  frequently  played  sad  havoc  with 
the  bones  it  contained.  These  were  sometimes  so  abundant  as  to  form  fully 
50  per  cent,  of  the  entire  accumulation.  To  use  the  language  of  one  of 
the  workmen,  "  they  lay  about  as  if  they  had  been  thrown  there  with  a 
shovel." 

The  progress  of  the  work,  as  in  most  other  cases,  has  rendered  it  necessary 
to  qualify  somewhat  the  first  impressions  respecting  the  bones  and  teeth. 
Instead  of  "  exclusively  the  remains  of  bear,"  it  may  be  said  that  "  almost 
exclusively  "  they  are  so ;  for  recently  there  have  been  found  amongst  them  a 
tooth  of  some  cervine  animal,  a  tooth  of  a  Eox,  and  one  or  two  bones  of  a  bird. 
Moreover,  some  of  the  bones  are  apparently  too  large  to  have  formed  part  of 
the  skeleton  even  of  Ursus  spelctus.  Nevertheless,  it  remains  to  be  a  fact 
that  in  this  deposit  there  have  not  been  identified  any  relics  of  Rhinoceros, 
Horse,  Ox,  Mammoth,  Badger,  Lion,  or  Hyaena,  all  of  which  were  so  frequently 
exhumed  from  the  Cave-earth ;  nor  are  there  any  traces  of  faeces,  or,  with 
one  solitary  exception,  of  gnawed  bones  to  indicate  the  presence  of  the  last- 
named  animal. 

The  bones  found  in  the  Cave-earth  are  divisible  into  two  classes  with 
respect  to  their  colour.  The  first  includes  specimens  of  an  almost  chalk-like 
whiteness,  and  are  very  numerous ;  the  second  those  of  a  dark  tinge,  and  are 
very  few.  The  dark  hue  of  the  second  class  is  merely  a  surface  discolora- 
tion. Beneath  a  thin  superficial  film,  the  bones  of  this  group  are  just  as 
white  as  those  of  the  other.  The  colour  of  the  specimens  found  in  the  Rock- 
like Breccia  differs  from  that  of  each  of  the  foregoing  series ;  all  of  them  are 
characterized  by  the  same  somewhat  light  coffee-coloured  tinge,  which,  more 
or  less,  penetrates  their  entire  substance. 

None  of  these  older  fossils  appear  to  have  been  rolled,  or  to  have  been 
fractured  before  they  were  lodged  in  the  place  in  which  they  were  found. 
Fragments  of  jaws  are  numerous,  and  many  of  them  contain  teeth ;  but, 
with  this  exception,  the  relics  lie  together  without  the  least  reference  to 
their  anatomical  relations. 

In  many  respects  their  condition  is  precisely  the  same  as  that  of  the  spe- 
cimens in  the  Cave-earth.  Thus,  those  found  beneath  large  fallen  blocks  of 
limestone  are  crushed,  the  severed  parts  remaining  in  position,  and  com- 
monly held  together  by  some  firm  cement.  Again,  other  specimens  are 
covered  with  a  film  of  stalagmitic  matter.  Further,  the  bones  from  the  older 
deposit  adhere  to  the  tongue  just  like  those  found  in  the  Cave-earth,  and 
no  distinction  can  be  drawn  between  the  two  series  on  this  quality  alone. 
These  facts  show,  first,  that  the  older  formation,  like  the  more  modern 
one,  was  compact,  firm,  unyielding,  and  capable  of  offering  resistance  to  a 
heavy  falling  block  ;  second,  that,  as  has  been  already  remarked  in  the  case 
of  the  Cave-earth,  the  bones  had  successively  lain  exposed  on  the  surface  for 
a  long  period,  and  that  the  materials  of  the  Breccia  were  introduced  into  the 
Cavern  at  many  different  times,  with  protracted  intermittences ;  third,  that 
the  fact  that  bones  found  in  the  same  Cavern  will  adhere  to  the  tongue  with 
equal  tenacity  is  not,  in  itself,  trustworthy  evidence  that  they  are  of  equal 
antiquity. 
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Up  to  this  time,  the  Rock-like  Breccia  has  been  utterly  silent  on  the  ques- 
tion of  the  existence  of  Man ;  it  has  given  up  no  tools  or  chips  of  flint  or 
bone,  no  charred  wood  or  bones,  no  bones  split  longitudinally,  no  stones  sug- 
gesting that  they  had  been  used  as  hammers  or  crushers.  But  whilst  they 
have  before  them  the  lessons  so  emphatically  taught  by  their  exploration 
of  the  Cavern,  the  Committee  cannot  but  think  that  it  would  be  premature 
to  draw,  at  present,  any  inference  from  this  negative  fact. 

In  the  Western  Division  of  the  South-west  Chamber,  the  very  difficult 
exploration  of  which  is  now  in  progress,  the  thickness  of  the  Stalagmitic 
Floor  surpassed  everything  previously  met  with.  Up  to  this  time  it  has 
averaged  more  than  7  feet,  in  two  instances  only  and  over  very  limited  spaces 
it  was  so  little  as  3  feet,  and  it  has  reached  so  muoh  as  12£  feet. 

Cave-earth  presented  itself  at  the  northern  end  of  each  section  in  the  first 
seven  foot-parallels  only,  where  it  was  rapidly  thinning  out,  both  southwards 
and  westwards.  It  was  covered  with  its  own  Modern  Floor  of  Stalagmite, 
and  rested  on  the  Older  Floor  of  the  same  material,  beneath  which  lay  the 
Rock-like  Breccia.  This,  so  far  as  is  at  present  known,  was  the  termination 
of  that  great  deposit  of  Cave-earth  which,  in  unbroken  continuity,  has  been 
followed  from  the  entrances  of  the  Cavern,  which  has  yielded  so  many 
thousands  of  bones  of  extinct  animals,  and  at  least  hundreds  of  Man's  flint 
and  bone  implements  and  their  concomitant  chips,  and  which  in  other  still 
larger  branches  of  the  Cavern  awaits  exploration.  It  will  be  shortly  seen 
that  to  the  last  it  was  true  to  its  character. 

As  in  this  Division  the  Modern  Floor  rested  at  once  on  the  Older  one  and 
assumed  a  crystalline  structure,  especially  beyond  the  line  at  which  the  Cave- 
earth  disappeared,  it  is  sometimes  not  easy  to  say  how  much  of  the  great 
thickness  just  spoken  of  is  to  be  ascribed  to  the  period  which  separated  the 
era  of  the  Rock-like  Breccia  from  that  of  the  comparatively  modern  Cave- 
earth,  and  how  much  to  the  time  which  has  elpased  since  the  introduction 
of  the  latter  deposit  terminated. 

In  the  upper  part  of  this  enormous  accumulation  some  examples  of  charred 
wood  have  been  found ;  and  several  stalactites,  which  no  doubt  had  dropped 
from  the  roof  above,  have  been  met  with  lodged  in  the  mass.  There  are  a 
few  peculiarities  in  the  structure  of  this  Stalagmite  which  have  not  been 
noticed  elsewhere.  It  sometimes  has  a  honeycombed  or  cellular  structure, 
and  in  other  places  it  is  traversed  in  various  directions  by  a  series  of  tubular 
cavities,  both  of  which  have  greatly  contributed  to  the  difficulty  which  the 
workmen  have  experienced  in  breaking  it  up ;  for  whilst  the  cavities  do  not 
appear  to  diminish  the  strength  of  the  mass,  they  allow  the  ignited  gun- 
powder room  to  expand,  and  thus  render  it  almost  impossible  to  excavate  it 
by  blasting.  When  it  is  added  that  the  Stalagmite  is  not  traversed  by  great 
divisional  planes,  as  almost  all  rocks  are,  and  that  it  nearly  fills  the  Chamber 
to  the  roof,  it  will  be  seen  that  at  present,  at  least,  the  exploration  requires 
very  pertinacious  and  skilful  labour. 

It  has  been  already  stated  that  but  few  flint  implements  were  found  in 
the  Lecture  Hall,  that  these  were  much  inferior  to  those  brought  to  the 
Association  in  previous  years  from  other  parts  of  the  Cavern,  and  that  the 
Eastern  Division  of  the  South-west  Chamber  yielded  a  few  chips  only.  It 
was,  perhaps,  not  unreasonable  to  ascribe  this  paucity  to  the  comparative 
remoteness  of  the  branches  of  the  Cavern  in  which  the  researches  have  been 
carried  on  during  the  year  1867-68.  Be  this  as  it  may,  the  Superintendents 
had  but  little  hope  or  expectation  that  better  fortune  was  awaiting  them  so 
long  as  the  work  was  day  by  day  carrying  them  further  on  in  the  same 
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direction.  Scarcely,  however,  had  the  exploration  of  the  Western  Division  of 
the  South-west  Chamber  commenced,  when  the  spell  was  broken. 

On  June  25,  1868,  a  good  implement  was  found  2  feet  deep  in  the  Cave 
earth,  in  a  small  recess  in  the  wall  of  the  Chamber,  and  sealed  up  with  the 
Modern  Floor  of  Stalagmite  80  inches  thick.  It  was  found  broken,  appa- 
rently into  four  pieces,  three  of  which  have  been  recovered.  Some  of  the 
fractured  edges  are  coated  with  Stalagmite.  It  lay  with  a  fine  almost  un- 
worn molar  of  bear,  a  molar  of  horse,  and  a  few  other  teeth,  one  of  which 
probably  was  that  of  a  fox. 

On  July  4,  a  second  implement  was  found.  This  also  was  2  feet  deep 
in  the  Gave-earth,  over  which  the  Stalagmite  was  32  inches  thick.  With  it 
there  were  a  few  bones,  and  immediately  below  it,  thirteen  molars  of  horse, 
a  canine  of  hyaena,  and  a  gnawed  bone.  This  specimen  is  of  the  Lanceolate 
type,  and  is  one  of  the  finest  implements  the  Committee  have  found  in  the 
Cavern.  It  is  barely  4*2  inches  long,  1*2  in  greatest  breadth,  and  -5  inch 
in  greatest  thickness.  It  is  strongly  carinated,  sharply  pointed  at  one  end, 
chisel-shaped  at  the  other,  and  has  a  keen  edge  all  round  its  perimeter.  A 
great  amount  of  labour  appears  to  have  been  expended  in  making  it,  but  it 
probably  had  never  been  used  since  it  was  last  "  retouched."  It  is  of  piebald 
flint,  being  partly  white,  and  partly  a  dull  drab.  It  was  dug  out  in  the  pre- 
sence of  one  of  the  Superintendents. 

On  July  10,  a  third  implement  presented  itself.  This  was  3  feet  deep 
in  the  Cave-earth,  over  which  was  24  inches  of  Stalagmite.  It  is  a  fine 
specimen,  but  scarcely  equal  to  the  second,  which,  excepting  that  it  is  not 
quite  so  broad,  and  that  its  wider  end  is  not  chisel-shaped,  it  resembles  in 
die  and  in  form.    It  is  made  of  an  almost  uniformly  white  flint. 

On  July  25,  a  fourth  was  met  with  in  a  recess  in  the  wall  of  the  Cavern, 
1  foot  deep  in  the  Cave-earth,  having  over  it  upwards  of  7  feet  of  Stalagmitic 
Floor.  It  does  not  appear  to  have  been  so  good  a  specimen  as  either  of  the 
two  last  mentioned,  but  on  this  point  there  is  some  uncertainty,  as  it  was 
unfortunately  broken  by  the  workmen,  who,  notwithstanding  a  careful  search, 
were  unable  to  recover  all  the  fragments.  Judged  from  the  exterior  only,  it 
would  have  been  pronounced  white  flint ;  but  in  consequence  of  the  fracture 
it  is  seen  that  this  colour  is  merely  superficial,  extending  to  a  depth  of  about 
•05  inch  only,  the  interior  being  uniformly  black.  It  was  lying  with  eleven 
molars  of  horse,  a  sectorial  tooth  of  hyaena,  several  bones  and  bone  fragments, 
and  a  few  small  lumps  of  focal  matter.  Judging  from  the  character  of  its 
point,  this  implement  was  a  "  borer." 

Thus,  within  about  a  month,  four  flint  implements,  all  of  them  good,  and 
two  of  them  very  fine  specimens,  were  found  within  a  space  of  5  feet,  and 
from  140  to  150  feet  from  the  nearest  of  the  external  entrances  of  the 
Cavern.  They  were  attended  by  the  usual  accompaniments,  and  with  the 
last  of  them  the  Cave-earth  terminated  in  that  direction,  so  far  as  is  at  pre- 
sent known. 

The  Bock-like  Breccia  in  this  Division  of  the  Chamber  presented  the  ordi- 
nary characteristics,  and  calls  for  no  special  remark. 

In  their  Third  Report  (1867)  the  Committee  called  attention  to  the  facts 
which,  successively  and  slowly  discovered,  had  led  to  the  conviction  that 
there  was  a  Chapter  in  the  history  of  the  Cavern  earlier  than  that  represented 
by  the  Cave-earth.  It  has  been  already  stated,  and  at  some  length,  that 
further  and  most  conclusive  evidence  on  the  point  has  presented  itself  during 
the  year  1867-68.  The  case  is  of  so  much  interest,  so  characteristic  of 
Cavern  researches,  and  so  full  of  instruction  and  encouragement,  that  it 
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may  be  worth  while  to  give  a  brief  recapitulation  of  the  facts  from  the  be- 
ginning:— 

1st  The  Committee  had  been  at  work  upwards  of  five  months  when 
cuboidal  blocks  of  Stalagmite  first  appeared  in  the  Cave-earth  and  in  the 
overlying  Stalagmitic  Moor.  After  much  deliberation,  it  was  concluded  that 
they  were  fragments  of  an  older  Floor,  which  had  covered  a  deposit  of  still 
higher  antiquity,  and  had  been  wholly  or  partially  broken  up  before  or  during 
the  introduction  of  the  Cave-earth  in  which  the  blocks  were  lodged.  To  this 
conclusion,  there  was  the  great  objection  that  there  were  no  bones  or  stones 
either  within  or  attached  to  the  blocks. 

2nd.  After  the  labour  of  six  further  months,  during  which  every  day  dis- 
interred additional  blocks,  but  with  the  same  negative  characters,  a  large 
portion  of  an  old  Floor  was  actually  found  in  situ,  but  without  having  beneath 
it  any  trace  of  a  deposit  which  it  had  once  sealed  up.  Though  the  probable 
interpretation  was  that  the  deposit  had  been  washed  out,  or  had  sunk  away 
from  the  floor  through  failure  of  support  at  its  base,  it  seemed  reasonable  to 
suppose  that,  in  either  case,  stones  or  other  remnants  of  it  would  be  found 
attached  to  the  lower  surface  of  the  Floor.  Instead  of  presenting  such  relics, 
however,  this  lower  surface  was  a  beautiful  cream-coloured  plate  of  stalag- 
mite, bristling  with  short  stalactites  of  the  same  colour. 

3rd.  In  order  to  determine  whether  the  so-called  "  remnant  of  old  Floor  " 
was  really  stalagmitic  throughout,  several  holes  were  bored  through  it,  which 
not  only  decided  the  question  affirmatively,  but  caused  a  portion  of  its  nether 
surface  to  scale  off,  and  to  disclose  the  fact  that  the  "  cream-coloured  plate  " 
was  but  a  modern  veneer  formed  on  what  had  been  the  original  surface ; 
and  this,  when  thus  laid  bare,  proved  to  be  soil-stained  and  crowded  with 
small  particles  of  detrital  matter — relics  of  the  missing  mechanical  deposit. 

4th.  After  this,  seventeen  months  passed,  and  though  in  the  meantime 
blocks  of  stalagmite  were  found  everywhere,  and  some  of  them  of  great  size, 
and  though  the  workmen  purposely  broke  them  into  small  pieces,  still  no 
bone  or  stone  was  found  within  or  projecting  from  them.  At  length,  at  the 
end  of  the  time  just  mentioned,  one  of  them  was  broken  and  a  bone  was 
found  within  it  After  this,  ossiferous  blocks  of  stalagmite  were  dug  out 
frequently,  and  some  of  them  were  found  to  contain  stones  also. 

5th.  Within  the  compass  of  another  month,  loose  round  lumps  of  Rock-like 
Breccia  were  met  with  in  the  Cave-earth,  and,  from  their  composition  and 
external  form,  were  regarded  as  dislodged  remnants  of  the  older  deposit  which 
had  so  long  been  seen  by  the  mind's  eye  only.  This  opinion  was  strengthened 
by  the  fact  that  the  bones  with  which  they  were  crowded  did  not  appear  to 
represent  precisely  the  same  fauna  as  did  those  met  with  in  the  Cave- earth. 

6th.  At  the  end  of  six  additional  months,  the  workmen  came  upon  the 
old  deposit  in  situ,  having  all  the  characters  of  the  lumps  just  mentioned,  but 
not  separated  from  the  Cave-earth  above  it  by  any  Floor  of  Stalagmite. 

7th.  At  the  close  of  a  further  period  of  six  weeks,  or  after  three  full  years 
of  daily  research,  there  was  found,  in  one  and  the  same  vertical  section,  the 
Old  deposit  of  Breccia  capped  by  its  Stalagmite,  on  which  lay  the  Cave-earth, 
protected,  in  its  turn,  by  its  Stalagmitic  Floor  also.  The  early  inference 
from  the  blocks  alone  was  justified ;  not  a  link  of  the  evidence  was  missing. 
The  entire  chain  was  presented  to  the  eye  at  one  view.  The  case  was  at 
length  complete. 

The  following  fact  may  be  appropriately  mentioned  in  connexion  with  this 
case.  As  has  been  already  stated,  a  Subcommittee  of  the  Torquay  Natural- 
History  Society,  in  1846,  broke  through  the  Modern  Stalagmitic  Floor  in  the 
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South-west  Chamber,  and  excavated  the  Cave-earth  to  the  depth  of  2  feet, 
when,  having  found  nothing,  they  abandoned  the  work.  Had  they  continued 
their  labours  but  another  half  hour,  had  they  dug  but  2  inches  lower,  they 
would  have  entered  the  richly  owuferous  Breccia,  and,  in  all  probability, 
caught  sight  of  the  earlier  chapter  of  the  history  of  the  Cavern. 

It  has  been  already  mentioned  that  the  Rock-like  Breccia  contains,  amongst 
other  things,  considerable  pieces  of  stalagmite.  There  can  be  no  doubt  that 
the  same  interpretation  applies  to  these  as  applied  to  those  found  in  the 
Cave-earth.  If  the  latter  were  correctly  regarded  as  evidence  of  a  floor  older 
than  the  deposit  in  which  they  were  lodged,  the  former  must  be  held  to 
indicate  the  existence  of  a  floor  still  older  than  the  Breccia — a  floor  of  the 
third  order  of  antiquity,  which,  in  harmony  with  the  terminology  hitherto 
used,  may,  for  the  present  at  least,  be  termed  the  "  Oldest  Floor  of  Stalag- 
mite.'' 

If  the  present  state  of  the  evidence  be  trustworthy,  the  Cavern,  during 
the  era  of  the  Rock -like  Breccia,  was  almost  exclusively  a  mausoleum  for 
Urttm  tpdccw.  Up  to  this  time,  no  trace  of  Hya>na  $pel<*a,  Felis  spekra, 
EUpkas  primigenius,  Rhinoceros  tichorhinus,  Equus  fossMs,  or  of  several 
other  well-known  cavern  species  has  been  found  in  the  old  deposit.  Though 
he  was  subsequently  their  contemporary  in  Devonshire,  the  Great  Cave- Bear, 
so  far  as  the  present  evidence  goes,  seems  to  have  had  his  home  there  very 
long  before  them. 

The  Committee  have  again  to  state  that  they  have  not  yet  had  the  good 
fortune  to  discover  any  remains  of  Hippopotamus  major  or  Machairo*tus 
latidens,  either  in  the  Cave-earth  or  in  the  Breccia. 

Whilst  it  must  be  admitted  that  the  labours  of  the  past  twelve  months 
have  not  added  anything  to  the  kind,  or  very  greatly  to  the  amount,  of  evi- 
dence of  the  antiquity  of  Man  in  Devonshire,  it  must  also  be  admitted  that 
the  continued  and  careful  researches  of  three  and  a  half  yean  have  utterly 
failed  to  detect  a  single  fact  having  even  a  remote  tendency  to  invalidate  the 
conclusion  to  which  the  early  Cavern  researches  had  led.  Up  to  this  time, 
the  various  kinds  of  evidence  are  in  the  most  complete  accord;  there  is 
nothing  conflicting.  No  comparatively  modern  object  has  been  found  below 
its  place,  and  no  ancient  one  has  been  met  with  in  a  modern  niche.  The 
Modern  Floor  of  Stalagmite  has  kept  the  two  apart  and  perfectly  distinct. 
There  is  nothing  incongruous  in  the  belief  that  the  ancient  Cave-Men  made 
and  used  unpolished  flint  implements,  split  the  bones  of  animals,  and  cut  and 
scraped  the  fragments  into  pins  and  fish-spears,  employed  fire  in  the  prepa- 
ration of  their  food,  and  selected  some  stones  for  hammers  or  crushers,  and 
others  to  rub  down  the  asperities  on  their  bone  tools ;  and  this  belief  ap- 
parently embraces  all  the  Cavern  Anthropology  which  up  to  this  time  has 
been  discovered. 

The  researches  of  1867-68,  however,  have  been  by  no  means  barren  or 
unimportant.  They  have,  as  has  been  pointed  out,  established  the  existence 
of  two  Chapters  in  the  Cavern  history  during  the  times  of  the  extinct  mam- 
mals, and  have  given  a  glimpse  of  a  third  and  still  earlier  one  ;  they  have 
solved  one  problem,  and,  in  doing  so,  have  suggested  several  others ;  they 
have  given  an  increased  stimulus  to  research  by  prompting  the  following 
questions : — 

1st.  What  were  the  conditions  which  at  three  different  and  widely  sepa- 
rated times  allowed  detrital  matter  to  be  carried  into  the  Cavern  ? 

2nd.  How  was  the  introduction  of  this  material  suspended  during,  at  least, 
two  protracted  periods,  in  which  thick  floors  of  Stalagmite  were  formed  ? 
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3rd.  By  what  agency  were  these  floors  partially  and  largely  broken  up  ? 
and  why,  where  they  have  been  removed,  have  they  left  no  scar  on  the  walls 
of  the  Cavern  ? 

4th.  Since,  heretofore,  Suspension  has  been  followed  by  Excavation  and 
Re-introduction,  may  this  recur  at  some  future  time  ? 

5th.  Had  the  Great  Cave-Bear  any  spelaean  contemporaries  at  first  ?  and, 
if  so,  What  were  they?  and  was  Machairodus  latidens  or  Hippopotamus  major 
amongst  them  ? 

6th.  How,  during  the  era  of  the  Breccia,  were  the  remains  of  the  Cave- 
Bear  carried  into  the  Cavern,  seeing  that  none  of  them  are  rolled,  broken,  or 
gnawed,  yet  they  lie  together  without  the  least  reference  to  their  anatomical 
relations  ? 

It  may  be  hoped  that  future  researches  may  furnish  solutions  for  at  least 
some  of  these  questions. 


On  Puddling  Iron.     By  C.  W.  Siemens,  F.R.S.* 

NoTwrrHSTAiroiNO  the  recent  introduction  of  cast  steel  for  structural  pur- 
poses, the  production  of  wrought  iron  (and  puddled  steel)  by  the  puddling 
process  ranks  among  the  most  important  branches  of  British  manufacture, 
representing  an  annual  production  exceeding  one  and  a  half  million  of  tons, 
and  a  money  value  of  about  nine  millions  sterling. 

Although  the  puddling  process  must  be  admitted  to  be  of  great  commercial 
importance,  and  involves  most  interesting  chemical  problems,  it  has  received 
less  scientific  attention  than  other  processes  of  more  resent  origin  and  infe- 
rior importance,  owing  probably  to  the  mistaken  sentiment  that  a  time- 
honoured  practice  implies  perfect  adaptation  of  the  best  means  to  the  end, 
and  leaves  little  scope  for  improvement. 

The  scanty  scientific  literature  on  the  subject  will  be  found  in  Dr.  Percy's 
important  work  on  iron  and  steel.  Messrs.  Crace-Calvert  and  Richard 
Johnson  of  Man  cheater  t  have  supplied  most  valuable  information  by  a  series 
of  analyses  of  the  contents  of  a  puddling-furnace  during  the  different  stages 
of  the  process.  These  prove  that  the  molten  pig  metal  is  mixed  intimately, 
in  the  first  place,  either  with  a  molten  portion  of  the  oxides,  (or  fettling,) 
which  form  the  lining  or  protecting  covering  to  the  cast-iron  tray  of  the 
puddling-ohamber,  or  with  a  proportion  of  oxide  of  iron  in  the  form  of 

*  Ordered  to  be  printed  in  extenno  among  the  Report*. 

t  Phil.  Mag.,  September  1857.  The  following  Table  from  Messrs.  Calvert  and  John- 
son's paper  includes  the  chief  results  of  their  investigations : — 


Pig  iron  charged  . . . 

Sample  No.  1 
2 
3 
4 
5 
6 

7  . 

8  . 

9  , 
10  . 


Paddled  bar 
Wire  iron . 


Time. 


12- 

12-40 
1-0 
1-5 
1-20 
1-36 
1-40 
1-46 
1-60 


Carbon. 


2-275 
2-726 
2-906 
2-444 
2-305 
1-647 
1-206 
0-963 
0-772 
0-296 
0-111 


Silicon. 


2-720 
0-915 
0197 
0194 
0182 
0183 
0163 
0-163 
0-168 
0-120 
0-088 
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hammer-slag  or  red  ore,  thrown  in  expressly  with  the  charge,  that  the 
silicon  is  first  separated  from  the  iron,  that  the  carbon  only  leaves  the  iron 
during  the  "  boil"  or  period  of  ebullition,  and  that  the  sulphur  and  phos- 
phorus separate  last  of  all  while  the  metal  is  "  coming  to  nature." 

The  investigations  by  Price  and  Nicholson  and  by  M.  Lan  confirm  these 
results,  from  which  Dr.  Percy  draws  some  important  general  conclusions, 
which  have  only  to  be  followed  up  and  supplemented  by  some  additional 
chemical  facts  and  observations  in  order  to  render  the  puddling  process  per- 
fectly intelligible,  and  to  bring  into  relief  the  defective  manner  in  which  it  is 
at  present  put  into  practice,  involving,  as  it  does,  great  loss  of  metal,  waste 
of  fuel  and  of  human  labour,  and  an  imperfect  separation  of  the  two  hurtful 
ingredients,  sulphur  and  phosphorus. 

Silicon. — In  forming  (by  means  of  the  rabble)  an  intimate  mechanical 
mixture  between  the  fluid  cast  metal  and  the  cinder,  the  silicon  contained  in 
the  iron  is  brought  into  intimate  contact  with  metallic  oxide,  and  is  rapidly 
attacked,  being  found  afterwards  in  the  cinder  in  the  form  of  silicic  acid 
(combined  with  oxide  of  iron).  The  heat  of  the  furnace  is  always  kept  low 
during  this  stage  of  the  process,  and  the  flame  is  maintained  as  reducing  as 
possible. 

Carbon. — The  disappearance  of  the  carbon  from  the  metal  is  accompanied 
by  the  appearance  of  violent  ebullition  and  the  evolution  of  carbonic  oxide, 
which  rises  in  innumerable  bubbles  to  the  surface  of  the  bath,  and  burns  (in 
an  ordinary  puddling-furnace)  with  the  blue  flame  peculiar  to  that  gas.  In 
puddling  in  a  regenerative  gas-furnace  this  blue  flame  cannot  be  observed, 
because  the  flame  of  this  furnace  is  strictly  neutral,  and  there  is  no  free 
oxygen  present  to  burn  the  carbonic  oxide  rising  from  the  fluid  mass — a  cir- 
cumstance which  by  itself  explains  the  superior  results  obtained  from  the 
gas  furnace. 

It  is  popularly  believed  that  the  oxygen  acting  upon  the  silicon  and  carbon 
of  the  metal  is  derived  directly  from  the  flame,  which  should,  on  that  account, 
be  made  to  contain  an  excess  of  oxygen ;  but  the  very  appearance  of  the  pro- 
cess proves  that  the  combination  between  carbon  and  oxygen  does  not  take 
place  on  the  surface,  but  throughout  the  body  of  the  fluid  mass,  and  must  be 
attributed  to  the  reaction  of  the  carbon  upon  the  fluid  cinder  in  separating 
from  it  metallic  iron ;  while  as  the  removal  of  the  silicon  is  still  more  rapid, 
and  is  effected  under  a  reducing  flame,  there  is  strong  evidence  that  it  also  is 
oxidized  rather  by  the  oxygen  of  the  cinder  than  by  the  flame*. 

But  it  has  been  argued  that,  although  the  reaction  takes  place  below  the 
surface,  the  oxygen  may,  nevertheless,  be  derived  from  the  flame,  which  may 
oxidize  the  iron  on  the  surface,  forming  an  oxide  or  cinder,  which  is  then 
transferred  to  the  carbon  at  the  bottom,  in  consequence  of  the  general  agita- 
tion of  the  mass. 

This  view  I  am,  however,  in  a  position  to  disprove  by  my  recent  expe- 
rience in  melting  cast  steel  upon  the  open  flame-bed  of  a  furnace,  having 
invariably  observed  that  no  oxidation  of  the  unprotected  fluid  metal  takes 
place  so  long  as  it  contains  carbon  in  however  slight  a  proportion. 

But  being  desirous  to  ascertain  by  positive  proof  what  is  the  behaviour  of 
silicon  and  carbon  in  fluid  cast  iron  when  contact  with  the  atmosphere  or 
the  flame  of  the  furnace  is  strictly  prevented,  I  instituted  the  following  ex- 
periment at  my  Sample  Steel  Works  at  Birmingham : — 

*  At  the  end  of  this  paper  is  appended  a  Table  showing  the  comparative  quantities  of 
carbon  in  various  kinds  of  iron  ana  steel. 
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Ten  cwt.  of  Acadian  pig  metal  and  1  cwt.  of  broken  glass  were  charged 
upon  the  bed  of  a  regenerative  gas  furnace  (usually  employed  for  melting 
steel  upon  the  open  hearth). 

The  bed  of  this  furnace  was  formed  of  pure  siliceous  sand,  and  one  object 
in  view  was  to  ascertain  whether  any  reaction  takes  place  between  silica  and 
fluid  cast  metal,  it  being  generally  supposed  that  metallic  silicon  is  produced 
under  such  circumstances  by  the  reducing  action  of  the  carbon  in  the  metal 
upon  the  silica  or  silicates  present. 
The  cast  metal  employed  in  this  experiment  was  Acadian  pig  containing 

Silicon 1-5  per  cent 

Carbon 4-0      „ 

In  the  course  of  an  hour  the  metal  and  glass  were  completely  melted.     A 
^  sample  was  taken  out,  containing 

Silicon 1*08  per  cent. 

Carbon 2-90       „  f    '6  per  cent  combined  carbon. 

n  1 2*3        „         graphite. 

At  the  end  of  the  second  hour  another  sample  was  taken  out  and  tested,  the 
result  being, 

Silicon *96  per  cent. 

Carbon 2*40      „        combined. 

The  physical  condition  of  the  metal  had  now  undergone  a  decided  change ; 
the  carbon  having  wholly  combined  with  the  iron,  rendered  it  extremely 
hard. 

The  amount  of  silicon  having  steadily  diminished,  these  results  prove 
that  no  silicon  is  taken  up  by  fluid  cast  metal  in  contact  with  silica  or  silicates. 
The  reduction  of  the  amount  of  silicon  in  the  metal  might  be  accounted 
for  by  the  presence  of  minute  quantities  of  oxides  of  iron,  produced  in  melting 
the  pig  metal,  which  oxides  were  now  increased  by  the  addition  of  haematite 
ore  in  small  quantities. 

At  the  end  of  the  third  hour  another  sample  was  taken,  containing 

Silicon *76  per  cent. 

Carbon 2*40       „        combined, 

the  metal  being  extremely  hard  as  before.  Additional  doses  of  red  ore  were 
added  gradually  without  agitating  the  bath,  and  the  effect  upon  the  fluid 
metal  was  observed  from  time  to  time. 

At  the  end  of  the  fifth  hour  the  samples  taken  from  the  fluid  bath  assumed 
a  decidedly  mild  temper,  when  the  addition  of  ore  was  stopped,  and  exactly 
six  hours  after  being  charged  the  metal  was  tapped  and  run  into  ingots ;  it 
now  contained 

Silicon #046  per  cent. 

Carbon -260       „ 

Thus  both  the  silicon  and  the  carbon  had  been  almost  entirely  removed  from 
the  pig  metal  by  mere  contact  with  metallic  oxide,  under  a  protecting  glass 
covering. 

The  quantity  of  red  ore  added  to  the  bath  amounted  to  2  cwt.,  and  the 
weight  of  metal  tapped  to  10  cwt.  5  lbs.,  being  slightly  in  excess  of  the 
weight  of  pig  metal  charged. 
But  the  pig  metal  had  contained 

Silicon 1*5  per  cent. 

Carbon 4*0       „ 

Total 5-5       „ 
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whereas  the  final  metal  contained  only  -296  of  silicon  and  carbon,  showing 
a  gain  of  metal  of 

5-5  -  -296  =5-204  per  cent, 
or,  including  the  5  lbs.  of  increased  weight,  a  total  gain  of  5*7  per  cent,  of 
metallic  iron. 

Supported  by  these  observations,  I  venture  to  assert  that  the  removal  of  the 
Silicon  and  Carbon  from  the  pig  iron  in  the  ordinary  puddling  or  "  boiling  " 
process  is  due  entirely  to  the  action  of  the  fluid  oxide  of  iron  present,  and  that 
an  equivalent  amount  of  metallic  iron  is  reduced  and  added  to  the  bath,  which 
gain,  however,  is  generally  and  unnecessarily  lost  again  in  the  subsequent 
stages  of  the  process.  The  relative  quantity  of  metal  thus  produced  from  the 
fluid  cinder  admits  of  being  accurately  determined. 

The  cinder  may  be  taken  to  consist  of  Fe8  0*  (this  being  the  fusible  com- 
bination of  peroxide  and  protoxide),  together  with  more  or  less  tribasic  sili- 
cate (3  FeO,  SiO3),  which  may  be  regarded  as  a  neutral  admixture,  not 
affecting  the  argument,  and  silicic  acid  or  silica  is  represented  by  Si  0s,  from 
which  it  follows  that  for  every  four  atoms  of  silicon  leaving  the  metal,  nine 
atoms  of  metallic  iron  are  set  free ;  and  taking  the  atomic  weights  of  iron 
=  28,  and  of  silicon =22*5,  it  follows  that  for  every 

4x22-5=900 
grains  of  silicon  abstracted  from  the  metal, 

9x28«252 
grains  of  metallic  iron  are  liberated  from  the  cinder. 

Carbonic  oxide,  again,  being  represented  by  CO,  and  the  cinder  by  Fe*  O4, 
it  follows  that  for  every  four  atoms  of  carbon  removed  from  the  metal  three 
atoms  of  iron  are  liberated ;  and  taking  into  account  the  atomic  weights  of 
carbon =6  and  of  iron =28,  it  follows  that  for  every 

6x4=24 
grains  of  carbon  oxidized, 

28x3=84 
grains  of  metallic  iron  are  added  to  the  bath.     Assuming  ordinary  forge  pig, 
after  being  remelted  in  the  puddling-fumace,  to  contain  about  3  per  cent,  of 
carbon  and  2  per  cent,  of  silicon,  it  follows  from  the  foregoing  that  in  re- 
moving this  silicon 

252 

-qq  x  2=5-6  per  cent.,  and  in  removing  the  carbon 

f|x3=10-5 

per  cent,  of  metallic  iron  is  added  to  the  bath,  making  a  total  increase  of 

5-6+ 10-5-5=11-1 
per  cent.,  or  a  charge  of  420  lbs.  of  forge  pig  metal  ought  to  yield  466  lbs. 
of  wrought  metal,  whereas  from  an  ordinary  puddling-fumace  the  actual 
yield  would  generally  amount  to  only  370  lbs.  (or  12  per  cent  less  than  the 
charge),  showing  a  difference  of  96  lbs.  between  the  theoretical  and  actual 
yield  in  each  charge. 

This  difference,  amounting  to  fully  20  per  cent.,  is  due  to  the  enormous 
waste  by  oxidation  to  which  the  iron  is  exposed  after  it  has  been  "  brought 
to  nature  "  (by  the  removal  of  the  carbon),  when  it  is  in  the  form  of  a 
granular  or  spongy  metallic  mass  and  during  the  process  of  forming  it  into 
balls.  So  great  a  waste  of  metal  by  oxidation  seems  at  first  sight  almost 
incredible ;  but  considering  the  extent  of  surface  exposed  in  the  finely  divided 
puddled  mass,  it  is  not  at  all  exceptional,  and  is  in  fact  almost  unavoidable 
in  a  furnace  of  the  ordinary  construction,  maintained  as  a  puddling-fumace 
is  at  a  welding  heat.    Many  attempts  have  been  made  (for  example,  by 
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Chenot,  Clay,  Ronton,  and  others)  to  produce  iron  directly  from  the  purer 
ores,  by  reducing  the  ore  in  the  first  instance  to  a  metallic  sponge,  and  ball- 
ing up  this  sponge,  which  is  a  loose  porous  mass  somewhat  similar  to  spongy 
puddled  iron,  on  the  bed  of  a  furnace ;  but  all  these  attempts  hare  failed, 
simply  on  account  of  the  great  waste  of  iron,  a  waste  amounting  to  from  25  to 
50  per  cent,  in  balling  up  the  sponge.  Indeed  the  loss  in  an  ordinary  pud- 
dling-furnace  would  probably  be  greater  than  20  per  cent,  if  the  metal  were 
not  partly  protected  from  the  flame  by  the  bath  of  cinder  in  which  it  lies ; 
for  in  one  instance  in  which  the  cinder  accidentally  ran  out  of  a  puddling- 
furnace  during  the  balling  up  of  the  charge,  leaving  the  iron  exposed  to  the 
flame,  I  found  the  yield  reduced  from  the  average  of  413  lbs.  down  to  370 
lbs.,  showing  an  increased  waste  of  43  lbs.,  or  over  10  per  cent,  due  to  the 
more  complete  exposure  of  the  metal  to  the  oxidizing  action  of  the  flame. 

In  order  to  realize  the  theoretical  result,  a  sufficient  amount  of  oxides  must 
have  been  supplied  to  effect  the  oxidation  of  the  silicon  and  carbon  of  the 
pig  iron,  and  to  form  a  tribasic  silicate  of  iron  (3FeO,  SiO8)  with  the  silicic 
acid  produced. 

The  amount  of  oxide  required  may  be  readily  ascertained. 

In  taking  the  expression  Fe8  O4,  the  atomic  weight  of  which  is 
3x28+4x8=116, 
while  that  of  the  three  atoms  of  iron  alone  is 

3x28=84, 
it  follows  that 

-gjX  46= 63-5  lbs. 

of  cinder  or  oxide  of  iron  are  requisite  to  produce  the  46  lbs.  of  reduced  iron 
which  were  added  to  the  bath.  There  must,  however,  remain  a  sufficient 
quantity  of  fluid  cinder  in  the  bath  to  form  with  the  silicon  (extracted  from, 
tie  iron)  a  tribasic  silicate  of  iron,  or  about  60  lbs.,  making  in  all  124  lbs.  of 
fettling,  which  would  have  to  be  added  for  each  charge,  a  quantity  which  is 
generally  exceeded  in  practice,  notwithstanding  the  inferior  results  univer- 
sally obtained. 

There  remain  for  our  consideration  the  sulphur  and  phosphorus,  which  being 
generally  contained  in  English  forge  pig  in  the  proportion  of  from  #2  to  *6 
per  cent,  each,  can  hardly  affect  the  foregoing  quantitative  results,  although 
they  are  of  great  importance  as  affecting  the  quality  of  the  metal  produced. 

It  has  been  suggested  by  Percy  that  the  separation  of  these  ingredients 
may  be  due  to  liquation.  This  I  understand  to  mean  that  the  crystals  of 
metallic  iron  which  form  throughout  the  boiling  mass  when  the  metal  "  comes 
to  nature,"  exclude  foreign  substances  in  the  same  way  that  the  ice  formed 
upon  sea-water  excludes  the  salt,  and  yields  sweet  water  when  remelted. 

According  to  this  view,  pig  metal  of  inferior  quality  will  really  yield  iron 
almost  chemically  pure,  to  which  foreign  ingredients  are  again  added  by  me- 
chanical admixture  with  the  surrounding  cinder,  or  semireduced  metal. 

It  may  be  safely  inferred  that  the  freedom  of  the  metal  from  impurities 
thus  taken  up  will  mainly  depend  upon  the  temperature,  which  should  be 
high,  in  order  to  ensure  the  perfect  fluidity  and  complete  separation  of  the 
cinder. 

Led  by  these  chemical  considerations,  and  by  practical  attention  to  the 
subject,  extending  over  several  years,  I  am  brought  to  the  conclusion  that  the 
process  of  puddling,  as  practised  at  present,  is  extremely  wasteful  in  iron  and 
fuel,  immensely  laborious,  and  yielding  a  metal  only  imperfectly  separated  from 
its  impurities. 

How  nearly  we  shall  be  able  to  approach  the  results  indicated  by  the  ohe- 
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mical  reasoning  here  adopted,  I  am  not  prepared  to  say ;  but  that  much  can 
be  accomplished  by  the  means  actually  at  our  doors  is  proved  by  the  result 
of  the  working  of  a  puddling-furnace  erected  eighteen  months  since  to  my 
designs  by  the  Bolton  Steel  and  Iron  Company  in  Lancashire. 

This  furnace  consists  of  a  puddling-chamber  of  very  nearly  the  ordinary 
form,  which  is  heated,  however,  by  means  of  a  regenerative  gas  furnace,  a 
system  of  which  the  principle  is  now  sufficiently  well  established  to  render  a 
very  detailed  description  here  unnecessary.  The  general  arrangement  of  the 
furnace  is  shown  in  the  accompanying  illustrations.  It  consists  of  two 
essential  parts : — 

The  Gas-producer,  in  which  the  coal  or  other  fuel  is  converted  into  a  com- 
bustible gas ;  and 

The  Furnace,  with  its  "  regenerators  "  or  chambers  for  storing  the  waste 
heat  of  the  flame,  and  giving  it  up  to  the  incoming  air  or  gas. 


Fig.  1. — Section  of  Gas-producer.    Scale  ft  inon  to  a  foot. 

The  Gas-producer  is  shown  in  fig.  1 ;  it  is  a  rectangular  firebrick  chamber, 
one  side  of  which,  b,  is  inclined  at  an  angle  of  from  45°  to  60°,  and  is  pro- 
vided with  a  grate,  c,  at  its  foot.  The  fuel,  which  may  be  of  any  descrip- 
tion, such  as  coal,  coke,  lignite,  peat,  or  even  sawdust,  is  filled  in  through  a 
hopper,  a,  at  the  top  of  the  incline,  and  falls  in  a  thick  bed  upon  the  grate. 

Air  is  admitted  at  the  grate,  and,  in  burning,  its  oxygen  unites  with  the 
carbon  of  the  fuel,  forming  carbonic-acid  gas,  which  rises  slowly  through 
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the  ignited  mass,  taking  up  an  additional  equivalent  of  carbon,  and  thus 
forming  carbonic  oxide.  The  heat  thus  produced  distils  off  carburetted 
hydrogen  and  other  gases  and  vapours  from  the  fuel  as  it  descends  gradually 
towards  the  grate,  and  the  carbonic  oxide  already  named,  diluted  by  the 
inert  nitrogen  of  the  air,  and  by  any  small  quantity  of  unreduced  carbonic 
acid,  and  mixed  with  these  gases  and  vapours  distilled  from  the  raw  fuel,  is 
finally  led  off  by  the  gas-flue  to  the  furnace.  The  ashes  and  clinkers  that 
accumulate  in  the  grate  are  removed  at  intervals  of  one  or  two  days. 

£  is  a  pipe  for  the  purpose  of  supplying  a  little  water  to  the  ash-pit,  to  be 
decomposed  as  it  evaporates  and  comes  in  contact  with  the  incandescent  fuel, 
thus  forming  some  hydrogen  and  carbonic  oxide,  which  serve  to  enrich  the 
gas ;  o  is  a  small  plughole  by  which  the  state  of  the  fire  may  be  inspected, 
and  the  fuel  moved  by  a  bar  if  necessary ;  and  d  is  a  sliding  damper  by  which 
the  gas-producer  may  be  shut  off  at  any  time  from  the  flue. 

It  is  necessary  to  maintain  a  slight  outward  pressure  through  the  whole 
length  of  the  gas-flue  leading  to  the  furnaces,  in  order  to  prevent  the  burn- 
ing of  the  gas  in  the  flue  through  the  indraught  of  air  at  crevices  in  the 
brickwork. 

Where  the  furnaces  stand  much  higher  than  the  gas-producers,  the  re- 
quired pressure  is  at  once  obtained ;  but  more  frequently  the  furnaces  and 
gas-producers  are  placed  nearly  on  the  same  level,  and  some  special  arrange- 
ment is  necessary  to  maintain  the  pressure  in  the  flue.  The  most  simple 
contrivance  for  this  purpose  is  the  "  elevated  cooling-tube."  The  hot  gas 
is  carried  up  by  a  brick  stack,  h,  to  a  height  of  eight  or  ten  feet  above  the  top 
of  the  gas-producer,  and  is  led  through  a  horizontal  sheet-iron  cooling- tube, 
j  (fig.  1),  from  which  it  passes  down  either  directly  to  the  furnace,  or  into 
an  underground  brick  flue. 

The  gas  rising  from  the  producer  at  a  temperature  of  about  1000°  Fahr., 
is  cooled  as  it  passes  along  the  overhead  tube,  and  the  descending  column  is 
consequently  denser  and  heavier  than  the  ascending  column  of  the  same 
length,  and  continually  overbalances  it.  The  system  forms,  in  fact,  a  siphon 
in  which  the  two  limbs  are  of  equal  length,  but  the  one  is  filled  with  a  heavier 
gaseous  fluid  than  the  other. 

In  ereoting  a  number  of  gas-producers  and  furnaces,  I  generally  prefer  to 
group  the  producers  together,  leading  the  gas  from  all  into  one  main  flue, 
from  whioh  the  several  furnaces  draw  their  supplies. 

The  Puddling-Furnace  proper  is  shown  in  figures  2,  3,  and  4. 

Fig.  2  is  a  front  elevation  of  the  furnace,  showing  the  gas-reversing  valve 
and  flues  in  section. 

Fig.  3  is  a  longitudinal  section  at  A,  b,  c,  d  (fig.  4). 

Fig.  4  is  a  sectional  plan  at  l,  m  (fig.  3). 

The  peculiarity  of  the  regenerative  gas  furnace,  as  applied  either  to 
puddling  or  to  any  other  process  in  which  a  high  heat  is  required,  consists 
in  the  utilization  in  the  furnace  of  nearly  the  whole  of  the  heat  of  combus- 
tion of  the  fuel,  by  heating  the  entering  gas  and  air  by  means  of  the  waste 
heat  of  the  products  of  combustion  after  they  have  left  the  furnace,  and  are 
of  no  further  use  for  the  operation  being  carried  on.  The  waste  heat  is,  so 
to  speak,  intercepted  on  its  passage  to  the  chimney  by  means  of  masses  of 
firebrick  stacked  in  an  open  or  loose  manner  in  certain  chambers,  called 
"  regenerator  chambers/*  c,  *,  e,,  c  (fig.  3). 

On  first  lighting  the  furnace  the  gas  passes  in  through  the  gas-regulating 
valve,  b  (fig.  2),  and  the  gas-reversing  valve,  b',  and  is  led  into  the  flue,  m, 
and  thence  into  the  bottom  of  the  regenerator  chamber,  c  (fig.  3) ;  while  the 
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air  enters  through  a  corresponding  "  air-reversing  valve/'  behind  the  valve, 


Fig.  2. — Front  Elevation  of  Puddling-Furnaoe.    Scale  -fa  inch  to  a  foot. 

b'  (fig.  2),  and  passes  thence  through  the  flue,  n,  into  the  regenerator  cham- 
ber, e  (^g.  3). 


Fig.  3. — Longitudinal  Section  at  A,  u,  c,  d  (fig.  4). 
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The  currents  of  gas  and  air,  both  quite  cold,  rise  separately  through  the 
regenerator  chambers,  c  and  e  (fig.  3),  and  pass  up  through  the  flues,  o,  o,  and 
p,  p,  p  (fig.  4)  respectively,  into  the  furnace  above,  where  they  meet  and  are 
lighted,  burning  and  producing  a  moderate  heat.     The  products  of  combus- 


Pig.  4. -Sectional  Plan  at  l,  m  (fig.  3). 

tion  pass  away  through  a  similar  set  of  flues  at  the  other  end  of  the  furnace 
into  the  regenerator  chambers  c ,  e,  (fig.  3),  and  thence  through  the  flues 
m',  n*  (fig.  2),  and  through  the  gas-  and  air-reversing  valves  into  the  chimney- 
flue,  o.  The  waste  heat  is  thus  deposited  in  the  upper  courses  of  open  fire- 
brick work  filling  the  chambers,  o,>  e,  (fig.  3),  so  heating  them  up,  while  the 
lower  portion  and  the  chimney-flue  are  still  quite  cool ;  then,  after  about  an 
hour,  the  reversing- valves,  b'  (fig.  2)  (through  which  the  air  and  gas  are 
admitted  to  the  furnace)  are  reversed,  by  means  of  the  levers,  p,  and  the  air 
and  gas  enter  through  those  regenerator  chambers,  e;,  c,  (fig.  3),  that  have 
just  been  heated  by  the  waste  products  of  combustion,  and  in  passing  up 
through  the  open  brickwork  they  become  heated,  and  then,  on  meeting  and 
entering  into  combustion  in  the  furnace,  n,  d,  they  produce  a  very  high  tem- 
perature, probably  500°  Fahr.  higher  than  when  admitted  cold ;  the  waste 
heat  from  such  higher  temperature  of  combustion  heating  up  the  previously 
cold  regenerator  chambers,  c,  e,  to  a  correspondingly  higher  heat. 

After  about  an  hour's  work,  the  reversing-valves,  b'  (fig.  2),  are  again 
reversed,  and  the  air  and  gas  enter  the  first  pair  of  regenerator  chambers, 
c,  e  (fig.  3),  but  which  are  now  very  hot,  and  therefore  the  air  and  gas 
become  very  hot,  and  enter  the  furnace  in  this  state,  meeting  and  entering 
into  combustion,  and  thus  producing  a  still  higher  temperature,  probably 
500°  higher  still,  and  again  heating  the  second  pair  of  regenerator  chambers, 
c,,  e,,  so  much  higher,  which  enables  them  to  again  heat  the  air  and  gas  to  a 
still  higher  degree,  when  the  valves,  b'  (fig.  2),  are  again  reversed.  Thus  an 
accumtdation  of  heat  and  an  accession  of  temperature  is  obtained,  step  by  step, 
so  to  speak,  until  the  furnace  is  as  hot  as  is  required ;  for  unless  cold  mate- 
rials are  put  in  to  be  heated,  and  thus  abstract  heat,  the  temperature  rises  as 
long  as  the  furnace  holds  together,  and  the  supply  of  gas  and  air  is  con- 
tinued. The  heat  is  at  the  same  time  so  thoroughly  abstracted  from  the  pro- 
ducts of  combustion  by  the  regenerators,  that  the  chimney-flue  remains 
always  quite  cool.  The  command  of  the  temperature  of  the  furnace  and  of 
the  quality  of  the  flame  is  rendered  complete  by  means  of  the  gas  and  air  re- 
gulating valves  shown  at  b,  in  fig.  2,  and  by  the  chimney-damper.  These 
are  adjusted  to  any  required  extent  of  opening  by  the  notched  rods,  a,  b,  and 
s  (fig.  2),  respectively,  so  that,  having  the  power  of  producing  as  high  a  tem- 
perature as  can  be  desired,  there  is  also  the  power  of  varying  it  according  to 
the  requirements  in  each  case. 

The  bed  of  the  furnace,  n  n  (fig.  3),  is  of  the  ordinary  construction,  formed 
of  iron  plates,  and  is  provided  with  water-bridges  at  the  ends,  as  shown,  to 
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protect  the  "  fettling  "  (or  oxide  of  iron  used  for  lining  the  furnace)  from 
being  melted  away.  The  overflow  from  one  of  the  water-bridges  is  led  into 
a  sheet-iron  tank  below  the  bed,  and  then  away.  The  evaporation  from  this 
tank  keeps  the  bottom  plates  cool  and  preserves  the  cinder  covering  them 
from  melting  off,  and  the  steam  is  carried  away  by  a  draught  of  air  entering 
through  two  holes,  i,  i  (fig.  2),  below  the  tap-hole,  and  passing  off  by  small 
ventilating  shafts,  x,  k  (fig.  4),  at  the  back  of  the  furnace. 

A  heating  chamber,  h  (fig.  3),  is  arranged  at  each  end  of  the  furnace,  in 
which  the  charge  of  pig  iron  may  be  heated  to  redness  before  it  is  introduced 
into  the  puddling-chamber,  d  d. 

The  advantages  of  this  furnace  for  puddling  are,  that  the  heat  can  be 
raised  to  an  almost  unlimited  degree,  that  the  flame  can  be  made  at  will 
oxidizing,  neutral,  or  reducing,  without  interfering  with  the  temperature, 
that  indraughts  of  air  and  cutting  flames  are  avoided,  and  that  the  gas- 
fuel  is  free  from  ashes,  dust,  and  other  impurities  which  are  carried  into  an 
ordinary  puddling-furnace  from  the  grate.  In  this  last  respect,  the  new 
furnace  presents  the  same  advantages  as  puddling  with  wood. 

The  following  Tables  give  the  working  results  which  were  obtained  from 
this  furnace,  as  compared  with  the  results  obtained  at  the  same  time  in  an 
ordinary  furnace  from  the  same  pig  (the  ordinary  forge  mixture). 


Regenerative 

Qas  Furnace. 

Table  No.  1. 

Date. 

No.  of 
heat. 

Time  charged. 

First  ball  oat. 

Metal 
charged. 

Yield. 

First  shift. 

h.    m. 

h.    ra. 

lbs. 

lbs. 

1867. 

1 

5   25 

6    32 

410 

392 

May  7. 

2 

6   45 

7   50 

433 

396 

3 

8      8 

9      9 

430 

410 

4 

9    15 

10     7 

425 

426 

5 

10    20 

11    22 

426 

430 

6 

11    40 

12   46 

412 

412 

Second  shift. 

1 

1   48 

2   47 

428 

410 

2 

2   50 

3   47 

420 

414 

3 

3   56 

4   53 

426 

418 

4 

5     0 

6     3 

432 

417 

5 

6     5 

7    12 

425 

407 

6 

7   20 

8    15 

420 

422 

Third  shift. 

1 

9    10 

10    15 

423 

414 

2 

10    25 

11    30 

422 

412 

3 

11    35 

12    40 

420 

420 

4 

12   45 

2     0 

430 

410 

5 

2    10 

3    10 

424 

418 

6 

3    16 

4   20 

420 

400 
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Table  No.  1 

(continued). 

Date. 

No.  of 
heat. 

Time  charged. 

First  ball  out. 

Metal 
charged. 

Yield. 

First  shift 

1867. 

h.    m. 

h.    m. 

lbs. 

lbs. 

May  28. 

1 
2 

5  38 

6  50 

6    45 

8     0 

423 
422 

402 
400 

3 

8      6 

9      8 

430 

390 

4 

9    15 

10   25 

426 

407 

5 

10    35 

11    45 

426 

420 

6 

11    55 

1      8 

430 

416 

Second  shift. 

1 

2      0 

3      1 

422 

422 

2 

3     6 

4      0 

424 

415 

3 

4     5 

5    18 

423 

424 

4 

5   23 

6    27 

423 

415 

.   5 

6    33 

7   46 

427 

420 

6 

7   49 

8    50 

420 

406 

Third  shift. 

1 

10     0 

11    20 

420 

424 

2 

11    25 

11    33 

420 

410 

3 

12   40 

1    45 

423 

412 

4 

1    50 

2   58 

425 

420 

5 

3    13 

4   20 

430 

418 

6 

4   30 

5    35 

422 

426 

cwt.    qrs.  lbs.  cwt    qrs.  lbs. 

Total  yield 132    2     2  Total  charge    . .   136     1     2 

being  at  the  rate  of  20  cwt.  2  qrs.  2  lbs.  of  pig  iron  per  ton  of  puddled  bar. 

Ordinary  Furnace. 
Table  No.  2. 


Date. 

Time. 

Weight 
of  metal 

Weight  of 
puddled  bar 

Date. 

Time. 

Weight  j  Weight  of 
of  metal  puddled  bar 

charged. 

produced. 

charged. 

produced. 

lbs. 

lbs. 

1867. 
May  17 

ere  not 
charge, 
3re  pro- 
2  hours. 

£ 

424 
425 

405 

1867. 
May  17 

ere  not 
charge, 
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M 

416 
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a 

430 
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Mean  charge 484  lbs. 

Mean  yield    426    „ 

or  22  cwt.  2  qrs.  20  lbs.  of  pig  iron  per  ton  of  puddled  bar. 

It  will  be  observed  that  the  ordinary  furnace  received  charges  of  484  lbs. 
each,  and  yielded  on  an  average  426  lbs.,  representing  a  loss  of  12  per  cent., 
whereas  the  gas  furnace  received  charges  averaging  424  lbs.,  and  yielded 
413  lbs.,  representing  a  loss  of  less  than  2*6  per  cent. 

It  is  important  to  observe,  moreover,  that  the  gas  furnace  turned  out  eighteen 
heats  in  three  shifts  per  twenty-four  hours,  instead  of  only  twelve  heats 
per  twenty-four  hours,  which  was  the  limit  of  production  in  the  ordinary 
furnace. 

This  rate  of  working  was  attained  without  the  employment  of  any 
arrangement  for  heating  the  pig  iron  before  charging  it  into  the  furnace, 
the  heating-chambers  at  the  ends  not  having  been  used.  The  adoption  of 
the  plan  of  heating  the  metal  beforehand  (a  system  already  extensively  in 
use  both  in  this  country  and  on  the  Continent)  effects  a  further  saving  of  ten 
to  fifteen  minutes  in  the  time  required  for  working  each  charge,  as  well  as  a 
considerable  economy  in  fuel. 

The  quality  of  the  iron  produced  from  the  gas  furnace  was  proved  de- 
cidedly superior  to  that  from  the  ordinary  furnace,  being  what  is  technically 
called  "  best  best"  in  the  one,  and  "  best "  in  the  other  case,  from  the  same 
pig  iron  of  average  quality. 

The  following  was  the  result  of  an  analysis  of  an  inferior  English  pig  iron 
before  and  after  being  puddled  in  the  gas  furnace : — 

Pig  Metal.  Puddled  Bar. 

Sulphur -08        Sulphur -017 

Phosphorus 1-16         Phosphorus     -237 

Silicon 1-97        Silicon   -200 

Iron    and    Carbon    (by  Iron  by  difference  ....  99*546 

difference) 96-79                                                

100-00  100-000 

showing  the  extent  to  which  foreign  matters  are  actually  removed  by  the 
process  of  puddling. 

These  analyses  were  made  a  few  days  ago  by  Mr.  A.  Willis  in  my  labora- 
tory at  Birmingham. 

The  economy  of  fuel  was  also  greatly  in  favour  of  the  gas  furnace,  but 
could  not  be  accurately  ascertained,  because  some  mill-furnaces  were  worked 
from  the  same  set  of  producers.  Still,  judging  from  the  experience  of 
several  years  in  the  working  of  regenerative  gas  furnaces  as  reheating  or 
mill-furnaces  and  as  glass-furnaces,  the  saving  of  fuel  in  puddling  cannot  be 
less  than  40  to  50  per  cent,  in  quantity,  while  a  much  cheaper  quality  may 
be  used. 

The  consumption  of  "  fettling  "  was,  however,  greater  in  the  gas  furnace, 
and  the  superior  yield  was  naturally  attributed  by  the  forge  managers  to 
that  cause,  although  the  writer  held  a  different  opinion. 

The  gas  furnace,  however,  had  not  been  provided  with  water-bridges ; 
these  were  subsequently  added,  and  the  furnace  put  to  work  again  in 
February  last,  since  which  time  it  has  been  worked  continuously. 

The  result  of  the  water- bridges  has  been  that  the  amount  of  "  fettling  " 
required  is  reduced  to  an  ordinary  proportion,  the  average  quantity  of  red 
ore  used  being  92-6  lbs.  per  charge,  besides  the  usual  allowance  of  bulldog, 
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while  the  yield  per  charge  of  483-3  lbs.  of  grey  forge  pig  has  been  increased 
to  485  lbs.  of  puddled  bar,  as  shown  by  the  following  return  of  a  series  of 
eighty  consecutive  charges  in  June  last : — 

Regenerative  Gas  Furnace. 
Tablb  No.  3. 


Date. 

No.  of 
heats. 

Total  charges  and  yieldi. 

Average 
per  heat. 

June  1868. 

* 

80 

lbe.         cwt.    qr.  lbe. 

Pig  iron  charged 38,668=345     1      0 

Puddled  bar  returned  38,808=346     1    25 
]^  ore  for  "fettling"    7,406=  66     0    14 

lbs. 
483-3 
485 

92-6 

proving  that  the  yield  of  puddled  bar  slightly  exceeds  the  charge  of  pig  metal 
(representing  a  saving  of  fully  12  per  cent,  over  the  ordinary  furnace),  while 
the  superiority  of  quality  in  favour  of  the  gas  furnace  isfully  maintained. 

It  is  also  worthy  of  remark  that  these  results  are  obtained  regularly  by 
the  ordinary  puddlers  of  the  works,  and  that  no  repairs  have  been  necessary 
to  the  gas  puddling-furnace  since  November  last,  the  roof  being  reported  to 
be  still  in  excellent  condition. 

In  these  investigations  I  have  confined  myself  to  the  puddling  of  ordinary 
English  forge  pig,  in  order  to  avoid  confusion ;  but  it  is  self-evident  that  the 
same  reasoning  also  applies,  in  a  modified  degree,  to  white  pig  metal  or 
refined  metal,  the  use  of  which  I  should  not,  however,  advocate. 

Water-bridges.—ILegaxdxng  the  water-bridges,  I  was  desirous  to  ascertain 
the  expenditure  of  heat  at  which  the  saving  of  "  fettling  "  and  greater  ease 
of  working  was  effected.  The  water  passing  through  the  bridges  was  accord- 
ingly measured  by  Mr.  W.  Hackney  (who  has  also  furnished  me  with  the 
other  working  data),  and  found  to  amount  to  25  lbs.  per  minute,  heated 
40°  Fahr.  This  represents  60,000  units  of  heat  per  hour,  or  a  consumption 
not  exceeding  8  lbs.  to  10  lbs.  of  solid  fuel  per  hour,  an  expenditure  very 
much  exceeded  by  the  advantages  obtained  where  water  or  cooling-cisterns 
are  available. 

The  labour  of  the  puddler  and  of  his  underhand  being  very  much  shortened 
and  facilitated  by  means  of  the  furnace,  I  should  strongly  recommend  the 
introduction  of  three  working  shifts  of  8  hours  each  per  24  hours,  each  shift 
representing  the  usual  number  of  heats,  by  which  arrangement  both  the 
employer  and  the  employed  would  be  materially  benefited. 

The  labour  of  the  puddler  may  be  further  reduced  with  advantage  by  the 
introduction  of  the  mechanical  "  rabble,"  which  has  already  made  conside- 
rable progress  on  the  Continent. 

By  working  in  this  manner,  a  regenerative  gas  puddling-furnace,  of  ordi- 
nary dimensions,  would  produce  an  annual  yield  of  about  940  tons  of  bar 
iron,  of  superior  quality,  from  the  same  weight  of  grey  pig  metal  and  the 
ordinary  proportion  of  "  fettling." 

In  conclusion  I  may  state  that  a  considerable  number  of  these  puddling- 
furnaces  have  been  erected  by  me  abroad,  and  that  in  this  country  they  are 
also  being  taken  up  by  the  Monkbridge  Iron  Company,  Leeds,  and  a  few 
other  enterprising  firms. 

The  construction  of  these  furnaces  has  been  still  further  improved  lately 
by  the  application  of  horizontal  regenerators,  to  save  deep  excavations,  and 
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by  other  arrangements,  whereby  the  first  cost  is  diminished,  and  the  working 
of  the  furnace  facilitated. 

Tablb  No.  4. 

Percentage  of  Carbon  and  Silicon  contained  in  various  kinds  of  cast  and 
wrought  iron  and  steel. 


Description. 


Carbon. 


Silicon. 


Authority. 


Spiegeleisen  (New  Jersey,  U.  S.)    

„  (German) 

„  (Mason) 

Lofsta  pig  iron  (Dannemora,  Sweden) 
Grey  pig  iron  No.  1.  (Tow  Law) 


Grey  pig  iron  No.  1.  (Acadian  Iron  Co.) 

Grey  Foundry  pig  iron  No.  1.     (Netherton,  "I 

South  Staffordshire) J 

Grey  Foundry  pig  iron  No.  2.   Ditto,   ditto... 
Grey  Forge  pig  iron  Ditto,    ditto... 

Forge  pig  iron  Ditto,    ditto... 

Strong  Forge  pig  iron  Ditto,    ditto... 

Grey  pig  iron  (Dowlais) 

Mottled  pig  iron     „         

Whitepigiron       „         

Mottled  pig  iron  (Wellingborough)    

White  pig  iron  (Blaenavon)  

Refined  iron  (Bromford,  S.  Staffordshire) 

Puddled  steel,  hard  (Konigshiitte) 

„  „    mild  (South  Wales) 

Caststeel:  Woote  

„         for  flat  files 

„  (Huntsman's)  for  cutters 

„  for  chisels , 

.,  Die  steel  (welding') 

„  Double  Shear  steel    , 

,.  Quarry  Drills, , 

„  Mason's  Tools   

„  Spades    

„  Railway  Tyres   „ 

»afl» 

„  Plates  for  Ships 

„  yery  mild  (melted  on*) 

open  hearth)   * „J 

Hard  bar  iron  (South  Wales) 

„        „      (Kloster,  Sweden) 

„      (Russian)  


Boiler  plates  (Russell's  Hall,  S.  Staffordshire) . 
Armour  „  (Weardale  Iron  Co.),  too  steely. . 
Bar  iron  (Lofsta,  Sweden)  

„        (Gysinge,  Sweden) 

„        (Osterty,  Sweden) 

Armour  plates  (Beale  &  Co.) 


(Thames  Iron  Co.)., 


(Low  Moor) 


percent. 
6-900 
5-440 
4-323 
4-809 
2-795 
3-500 

3-07 

304 

312 

3-03 

2-81 

314 

2-95 

2-84 

210 

2-31 

3-070 

1-380 

•501 
1-645 
1-2 
10 

•75 

•74 

•7 

•64 

•6 

•32 
32  to  27 
26  to  24 

•25 

•18 

•410 
•386 
•340 
•272 
•190 
170 
•087 
•087 
•054 
•044 
033 
016 


percent. 
0100 
0-179 
0-997 
0-176 
4-414 
4-840 

1-48 

1-27 

1-16 

0-83 

0-57 

216 

1-96 

1-21 

211 

111 

0-630 
•006 
•106 
■042 


•080 
•252 
trace 
•062 
•144 
•110 
•115 
066 
•028 
•174 
160 
•122 


Henry. 

Schafhautl. 

Fresenius. 

Henry. 

Riley. 

Tookey. 

Woolwich  Arsenal. 


Riley. 


Woolwich  Arsenal. 

Percy. 

Dick. 

Brauns. 

Parry. 

Henry. 

A.  Willis. 


Various. 

A.Willis. 

Schafhautl. 
Henry. 


Percy. 
Henry. 


Percy. 
Tookey. 
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Fourth  Report  on  the  Structure  and  Classification  of  the  Fossil 
Crustacea.  By  Henry  Woodward,  F.G.S.,  F.Z.S.,  of  the  British 
Museum. 

(Plate  II.) 

During  the  past  year  no  new  Silurian  forms  of  Crustacea  have  come  under 
my  notice,  save  the  series  which  I  had  the  pleasure  to  exhibit  at  Dundee. 
Of  these,  belonging  to  the  Order  Merostomata,  the  following  have  been 
fully  described  and  figured : — 

a.  EuRYPTERms*. 

1  Eurypterus  {Pterygotus)  punctatus,  Salter,  sp. 

2.  scorpioides,  sp.  nov. 

3.  obesus,  sp.  nov. 

4.  Pterygotus  ranieeps,  sp.  nov. 

b.    LlMULID^t* 

Neolimulus  falcatus,  sp.  et  gen.  nov. 

Perhaps  the  most  interesting  point  which  I  have  been  able  to  determine 
in  connexion  with  these  Upper-Silurian  forms  is  the  occurrence  of  gill-plates 
in  Pterygotus  in  precisely  the  same  relative  position  as  we  find  they  occupy 
in  Limulus  at  the  present  day,  but  differing  in  form.  These  leaf-like 
branchiae  occur  in  rows,  and  still  exhibit  their  highly  vascular  structure,  and 
indicate  by  their  aspect  in  the  fossil  state  their  extreme  tenuity. 

It  is  very  interesting  to  me,  and  I  cannot  but  believe  that  it  will  also  in- 
terest others  working  at  the  Invertebrata,  to  find  the  number  of  points  which 
Pterygotus  possesses  in  common  with  the  Scorpionidce  among  the  Arachmda. 

If  the  organs  called  " combs"  which  are  attached  to  the  first  thoracic  seg- 
ment of  Scorpio,  be  rudimentary  gills,  not  wholly  aborted,  we  have  another 
point  of  analogy  gained  between  the  two  J. 

That  rudimentary  gills  existed  in  Pterygotus  at  the  border  of  the  segments, 
and  in  that  position  in  which  the  pulmonary  sacs  in  Scorpio  are  found,  I 
have  evidence  both  from  the  Devonian  and  Silurian  species. 

The  position  also  of  the  ovaries  in  Pterygotus  and  Scorpio  is  the  same, 
though  in  the  former  the  opening  to  the  sacs  is  double,  as  in  Limulus  and 
other  Crustacea,  whereas  in  Scorpio  it  is  externally  central  as  in  Insects.  A 
bilobed  plate  conceals  the  apertures  in  both  forms.  My  conclusion  is  that 
there  is  good  ground  for  assuming  that  Pterygotus  represented,  in  Palaeozoic 
time,  the  aquatic  condition  of  Scorpio,  just  as  the  aquatic  larvae  of  IAbellula 
represent  to  day  the  imago  of  a  future  season. 

I  have  lately  received  specimens  from  the  Carboniferous  shales  of  Carluke 
of  a  new  form  of  Crustacean  allied  to  Cyclus.  I  was  at  first  doubtful  whe- 
ther the  Cyclus  radialis  of  M.  de  Koninck,  from  Belgium,  really  represented 
the  Agnostus  radialis  of  Prof.  Phillips,  from  the  Carboniferous  Limestone  of 
Bolland,  Yorkshire.  I  have  fortunately  been  able  to  see  and  examine  the 
original  specimen  of  Cyclus  radialis  of  De  Koninck,  and  find  that  it  does  agree 
with  the  figure  in  Phillips's  '  Geology  of  Yorkshire  '  (vol.  ii.  t.  22.  f^.  25)  ; 
but  it  entirely  disagrees  with  M.  de  Koninck's  magnified  figure.  I  have 
therefore  redrawn  the  Belgian  form,  and  propose  .to  figure  it  by  the  side 
of  the  new  British  form  from  Carluke.     (See  Plate  II.  figs.  1  <fc  2.) 

*  See  Quart.  Journ.  Geol.  Soc.  1868,  vol.  xxiv.  pp.  289-294,  pig.  9  &  10. 
t  See  Geol.  Mag.  1868,  vol.  v.  p.  1,  pi.  1.  figs.  1  &  la. 

|  I  am  preparing  injections  of  recent  specimens  of  Scorpio  in  the  hope  of  being  able  to 
demonstrate  this  point  certainly. 
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Cyclus  radialis  (PL  II.  fig.  1)  is  an  elegant  little  shield-shaped  buckler 
5  lines  long  by  4  in  breadth ;  its  general  form  is  hemispherical,  with  a 
narrow  smooth  border;  the  shield  is  divided  down  its  centre  by  a  raised 
longitudinal  ridge,  from  which  radiate  seven  diverging  ribs  whose  rounded 
ends  reach  the  lateral  and  posterior  border. 

The  anterior  cephalic  portion  occupies  about  a  quarter  of  the  entire  shield, 
and  is  ornamented  by  the  spreading  out  of  the  raised  central  ridge,  and  by 
two  subcentral  rounded  prominences  which  correspond  in  position  to  eye- 
spots,  but  are  not  facetted.  The  ribs  are  ornamented  each  with  from  three 
to  five  tubercles  irregularly  disposed  over  their  surface. 

The  new  form  of  Cyclus  (PI.  II.  fig.  2)  discovered  by  Dr.  Eankine  of 
Carluke,  in  the  Carboniferous  shales  of  that  place,  is  most  remarkable  in 
appearance,  and  certainly  far  more  like  a  parasitical  Crustacean  than  the 
Cyclus  radialis,  which  certainly  seems  to  have  been  furnished  with  a  hard 
calcareous  test.  A  comparison  of  the  two,  however,  leaves  no  doubt  in  my 
mind  in  referring  them  both  to  one  genus. 

The  shield  is  about  4  lines  in  diameter,  and  conveys  the  idea  of  an  ex- 
tremely thin  test  flattened  out  on  the  soft  shale  by  pressure.  The  eye-spots 
occupy  the  same  relative  position  as  in  (7.  radialis  ;  but  the  divisions  which 
represent  the  costs  are  six,  not  seven  in  number  in  this  species,  and  these 
anastomose  together  on  the  lateral  border,  and  diverge,  not  from  a  median 
raised  ridge,  but  a  broad  V-shaped  central  area.  One  is  reminded  by  this 
Crustacean  of  the  appearance  of  Argulus,  Bopyrus,  and  other  recent  parasitic 
forms,  and  also  of  the  disk-shaped  Discinocaris,  from  which  it  differs,  how- 
ever, in  the  prominent  eyes  and  costated  shield. 

For  this  new  species  (Plate  II.  fig.  2)  I  propose  the  name  of  Cyclus  Ban- 
Jrini,  after  its  discoverer. 

In  describing  Cyclus  radialis,  M.  de  Koninck  observes : — 

"  There  is  no  doubt  this  animal  should  be  ranged  with  the  Crustacea, 
and  in  Milne-Edwards's  order  Trilobita  abnormalia  and  battoidea,  near  to 
Agnostus." 

M.  de  Koninck  also  thinks  it  probable  that  the  body  of  Cyclus  was  soft  and 
very  contractile,  that  it  was  a  parasite,  and  that  the  two  tubercles  which 
we  have  called  the  eyes  really  covered  those  organs — and,  further,  that  the 
ribbed  border  protected  the  feet  when  the  animal  was  in  repose. 

We  must  differ  from  M.  de  Koninck  in  referring  this  form  to  the  Trilobita. 
If  truly  an  adult,  it  must  be  placed  near  to  Apus  with  the  other  shield- 
bearing  Phyllopoda ;  if  a  larval  form,  it  may  have  been  the  early  stage  of 
Prestwichia  or  some  other  of  the  Coal-measures  IAmulidae,  Nor  do  we  think 
it  in  the  least  probable  that  the  shield  of  Cyclus  radialis  was  flexible  or  con- 
tractile, its  original  segments  being  completely  soldered  together  into  one 
piece. 

Hermann  von  Meyer  has  figured  a  small  Crustacean  head-shield  under  the 
name  of  Halicyne  agnota,  and  a  second  species,  H.  laxa*,  from  the  Mus- 
chelkalk  of  KottweU  in  Germany.  Goldfuss  originally  figured  it  as  an 
Olenus  (0.  serotinus) ;  afterwards  it  was  referred  to  Limulus  by  Miinster 
(Beitrage,  1841,  Bd.  i.  t.  v.  f.  1).  To  both  these  conclusions  Meyer  demurs — 
to  Limulus  because  no  eyes  are  visible,  and  to  the  Trilobita  because  none  are 
found  older  than  the  Carboniferous. 

The  form  of  this  head-shield  is  extremely  like  that  of  Agnostus ;  but  the 
Agnostidce  are  confined  to  the  Lower  Silurian  strata,  between  which  and  the 

*  See  Palaeontographica,  1847,  vol.  i.  p.  134. 
1868.  o 
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Trias  are  the  long  intervening  series  of  Upper  Silurian,  Devonian,  Carboni- 
ferous, and  Permian  formations.  I  consider  this  form  may  more  properly 
be  placed  with  Bunodes,  Hemiaspis,  <fec.  among  the  aberrant  forms  of  the 
Limulicke,  of  which  it  may  possibly  have  been  a  larval  state. 

Among  the  Secondary  forms  of  Crustacea  I  have  described  the  following 
from  British  specimens  during  the  past  year. 

Palinurina  hngipes.     Lower  lias,  Lyme.     (Qeol.  Mag.  1868,  vol.  v. 

p.  260,  pi.  14.  fig.  5.) 

Pseudoglypheagrandis.    Lower  lias,  Weston.    (Ibid.  p.  353,  pL  17.  fig.  1.) 
Glyphea  rostrata.     Lower  lias,  Weston.     (Ibid.  p.  354,  pi.  17.  fig.  2.) 

Heeri.    Lower  lias,  Lyme  Regis.     (Ibid.  p.  355,  pi.  17.  fig.  3.) 

Tomesii.      Lower  lias,  Welford  Hill,   Stratford-on-Avon.    (Ibid. 

p.  356,  pi.  17.  ^g.  4.) 

I  have  now  to  notice  another  species,  of  the  genus  Penmis  of  Fabricius, 
from  the  Lower  lias,  Northampton.  This  is  a  remarkably  persistent  form ; 
and  the  genus  is  actually  found  now  living  in  the  .Mediterranean,  if  Dr. 
Oppel's  determination  be  correct,  which  I  feel  little  doubt  in  endorsing. 

This  handsome  Crustacean  (see  Plate  II.  Hg.  3)  was  not  less  than  9  £ 
inches  in  length  when  measured  along  the  dorsal  line,  the  carapace  being 
about  3  inches,  and  the  abdomen  6£  ;  the  rostrum  was  very  strongly  serrated 
as  in  the  PcdctmonidcB,  but  the  serrations  have  been  abraded  in  the  fossil. 
This  form  most  nearly  resembles  in  size  and  appearance  the  Penceus  sptciosus 
of  Minister,  but  differs  slightly  in  the  form  of  the  border  of  the  abdominal 
segments,  and  also  in  the  direction  of  the  strong  and  deeply  forked  sulcus 
which  marks  each  side  of  the  latero-anterior  portion  of  the  carapace  near 
the  base  of  the  great  antennae.  The  surface  of  the  carapace  and  segments 
was  highly  enamelled,  some  portions  of  which  may  still  be  observed  in  the 
fossiL  I  have  named  it  Penceus  Sharpii,  after  Mr.  Samuel  Sharp,  F.G.S.,  who 
is  the  discoverer  of  the  fossil. 

Of  the  Cietaceous  Crustacea  two  have  been  noticed  by  me,  viz.  a  new 
Cinipede  from  the  Norwich  Chalk,  Pyrgoma  cretacea  (Geol.  Mag.  vol.  v.  1868, 
p.  258,  pi.  14.  figs.  1  &  2),  and  Necrocarcinus  tricarinatus,  from  the  Gault 
of  Folkestone  (ibid.  p.  259,  pi.  14.  fig.  4). 

I  am  now  enabled  to  add  two  new  species  of  a  family  not  hitherto  before 
noticed  in  a  fossil  state  in  Britain,  the  family  of  the  ThdassinidcB. 

This  curious  group  contains  several  genera  and  species.  Those  of  which 
we  know  the  habits,  burrow  in  the  sand,  which  they  readily  excavate  with 
their  feet. 

Although  frequently  found  fossil,  especially  in  the  Upper  Chalk  of  Maes- 
tricht,  of  France,  and  Bohemia,  we  rarely  see  atrace  of  their  bodies.  Even 
in  dredging,  the  usual  thing  is  to  find  the  two  fore  claws  only  in  the  dredge 
(if  any  part  of  them  is  taken  at  all).  In  the  fossil  state  it  is  to  be  also 
anticipated  that  their  occurrence  would  be  rare,  as  the  integument  of  their 
bodies  (like  that  of  the  Hermit-Crab  and  others  which  conceal  themselves 
in  foreign  substances)  is  extremely  thin,  and  often  soft.  I  may  compare 
the  difference  of  their  test  to  that  which  exists  between  a  lady's  hand  encased 
from  infancy  in  a  kid  glove,  and  the  hand  of  a  savage  who  uses  his  digits 
constantly  for  delving  in  the  ground  after  roots.  In  the  one,  the  covering 
membrane  is  thin  and  soft ;  in  the  other,  hard  and  horny.  One  might  even 
go  further  and  imagine  (by  repeated  exclusion  from  use)  the  nails  would 
be  no  longer  developed ;  certainly  they  are  less  powerful  as  offensive  weapons. 
This  is  precisely  what  we  find  does  take  place  in  the  burrowing  Crustacea ; 
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the  hard  and  shelly  epimeral  pieces  of  the  body-segments  are  not  properly 
developed  (as  they  are  in  the  common  lobster  and  other  active  swimming 
long-tailed  forms),  and  the  lobes  of  the  tail  are  in  like  manner  rudimentary. 
Such  changes  I  cannot  bat  conceive  to  have  been  the  result  of  long  habit, 
arising  from  the  disuse  of  the  organs  of  a  part  of  the  body,  causing  first  their 
gradual  reduction  in  size,  and  finally  resulting  in  their  abortion.  The 
two  new  species  of  Thalassinidat  I  have  to  notice  belong  to  the  genus 
CaUianassa,  hitherto  characteristic  of  the  Maastricht  Chalk,  and  found  also 
living  in  our  own  seas.  We  are  now  able  to  take  it  back  to  the  Lower 
(keensand  on  the  one  hand,  and  link  together  the  Cretaceous  and  Recent 
periods  by  a  species  in  the  Eocene  beds  of  Hempstead,  Isle  of  Wight.  1  have 
named  the  first  CaUianassa  Neocomiensis,  from  the  Greensand,  Colin  Glen, 
Belfast  (PL  II.  fig.  5),  and  the  second  CaUianassa  Batei  (after  Mr.  C.  Spence 
Bate),  from  Hempstead  Upper  Marine  series,  Isle  of  Wight.   (Plate  II.  fig.  4.) 

This  is  a  genus  which  should  be  looked  out  for  by  collectors  of  Upper- 
Chalk  fossils  in  Norwich. 

The  Plates  exhibited  are  intended  for  the  second  part  of  my  Monograph  on 
the  fossil  Merostomata,  which  now  awaits  its  turn  of  publication.  I  wish  to 
add  a  word  here  in  favour  of  the  Palaeontographical  Society,  as  deserving  of 
support,  as  a  means  of  enabling  authors  writing  upon  special  branches  of 
Palaeontology  to  secure  the  publication  of  their  researches.  If  more  sub- 
scribers would  only  come  forward  in  its  aid,  more  authors  would  be  enabled 
to  make  their  work  known,  and  much  time  would  be  saved.  The  last  volume 
issued  is  an  illustration  of  what  they  give  for  their  annual  guinea  subscrip- 
tion*. 

Casts  of  the  largest  of  the  Palaeozoic  Crustacea  have  already  been  prepared 
and  coloured,  and  copies  sent  to  Liverpool,  Dublin,  Oxford,  Cambridge, 
Edinburgh,  Glasgow,  Norwich,  and  elsewhere,  for  the  Museums  of  those 
cities. 

EXPLANATION  OF  PLATE  IL 

Pig.  1.  Cyclus  radialis,  Phillips,  sp.    From  the  Carboniferous  Limestone  of  Bolland, 

Lancashire,  and  Vise,  Belgium.    Enlarged  five  times  the  natural  size. 
Fig.  2.  Cyclus  Ranking  sp.  nor.    From  the  Coal-shales,  Carluke,  Scotland.    Magnified 

flye  times. 
Fig.  3.  Penmw  SMarpii,  sp.  nor.    Lower  Lias,  Northampton.    A  fourth  less  than  the 

natural  size  (the  outlined  parts  are  restorations). 
Fig.  4.  CaUianassa  Batei,  sp.  nov.     Upper  Marine  series,  Hempstead,  Isle  of  Wight 

Natural  size. 
Fig.  5.  CalUanaua  Neocomiensis,  sp.  nor.    Greensand,  Colin  Glen,  Belfast.    Natural  size. 


First  Report  on  the  British  Fossil  Corals. 
By  P.  Martin  Duncan,  M.B.  Lond.,  F.R.S.,  F.G.S.,  Sec.  Geol.  Soc. 

This  Report  consists  of  notes  of  observations  made  upon  the  Coral-faun© 
described  by  MM.  Milne-Edwards  and  Jules  Haime  in  the  monograph  of  the 
•British  Fossil  Corals'  (Palaeontographical  Society,  1850),  of  descriptions  of 
new  and  unpublished  species,  of  notices  of  species  published  by  me  in  1867 
and  1868,  and  of  examinations  into  the  affinities  of  the  forms  and  their 
geological  positions. 

»  The  last  yolume  issued  contained  45  Plates  (9  of  which  were  double  quarto)  and  238 
4to  pages  of  text 
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The  fossil  Corals  of  the  Crag,  Brockenhurst  beds,  Eocene  deposits,  Upper 
and  Lower  White  Chalk  strata,  Upper  Greensand  and  Red  Chalk  rock  of  Hun- 
stanton are  considered,  and  also  those  of  the  Rhsetic  beds  and  of  the  great 
Iiassic  series. 

The  fossil  Corals  of  the  Lias  have  been  described  by  me  and  published  in 
two  parts  by  the  Palaoontographical  Society  during  the  last  twelve  months. 
This  great  fauna,  with  the  exception  of  one  species,  is  new  to  Great  Britain, 
and  has  been  illustrated  in  seventeen  plates. 

The  fossil  Corals  of  the  Bed  Chalk  of  Hunstanton  have  just  been  litho- 
graphed in  one  plate;  and  those  from  the  interesting  Tertiary  deposit  at 
Brockenhurst  have  been  already  published  and  illustrated  (1866). 

The  Report  dwells  fully  upon  these  three  new  faun©.  The  species  de- 
scribed by  MM.  Milne-Edwards  and  Jules  Haime,  from  the  strata  whose 
Corals  are  noticed  here,  are  forty-three  in  number. 

I  am  glad  to  add  notices  of  115  species  new  to  Great  Britain,  twenty-five 
of  the  species  having  been  described  in  the  Coral-faunae  of  the  Continent. 

LIST. 

New  Eocene  species 12     Described  elsewhere 2 

„    Brockenhurst 11  „  „  .2 

„    Upper  Chalk    10  „  „  1 

„    Upper  Greensand    . .       4  „  „  2 

„    Hunstanton  Red  rock       2  „  „  2 

Middle  lias 2  „  „  0 

Zone  of  Amm.  raricostatus  1  ,  n  9 

„          „     Bucklandi../lu  "  "  * 

„          „     angulatus  ..37  „  „  13 

„          „     planorbis..       2  „  „  1 

Total  new  species 90  25 

25 

115 

Species  described  by  MM.  Milne-Edwards  and  Jules  Haime,  43.  Total 
species,  158. 

The  labour  of  passing  so  many  forms  under  review,  and  of  superintending 
twenty- six  plates  published  by  the  Palseontographical  Society,  two  plates  in 
the  Philosophical  Transactions,  and  one  in  the  Journal  of  the  Geological 
Society,  may  perhaps  be  explanatory  of  the  impossibility  of  my  concluding 
the  Report  on  the  Cretaceous  Coral-fauna. 

The  new  species  from  the  Gault,  however,  have  been  lithographed  but  not 
published ;  but  those  from  the  Upper  Greensand  and  Neocomian  have  not  yet 
been  drawn. 

There  remains  for  a  future  Report  the  description  of  the  fossil  Corals  of 
the  Gault,  Lower  Greensand,  and  of  the  Oolitic  rocks. 

The  vast  Coral-remains  of  the  Palaeozoic  age  have  not  been  alluded  to  in 
this  Report;  and  although  I  have  had  the  advantage  of  Mr.  Thomson's 
valuable  skill  in  producing  sections  of  Carboniferous  corals,  and  also  of  inves- 
tigating large  series  of  Devonian  and  Silurian  forms,  I  can  only  assert  that, 
before  any  satisfactory  communication  on  these  early  Zoantharia  can  be 
written,  much  time  must  be  occupied  and  much  labour  be  undergone*. 

*  The  Grant  of  £50  for  reporting  on  the  British  Fossil  Corals  has  been  spent 
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REPORT. 

The  researches  of  Darwin,  Dana,  and  others  have  been  so  long  before  the 
scientific  world,  that  the  external  physical  conditions  accompanying  Coral  - 
life  are  universally  well  understood.  The  physico-chemical  ihanges  which 
take  place  in  dead  corals  and  influence  their  future  fossil  condition  have  been 
described ;  and  it  is  most  reasonable  to  assert  that  the  representatives  of  the 
existing  Coral-faunae  flourished  under  the  same  kind  of  conditions,  and  were 
subjected  to  the  same  prefossil  incidents  and  changes. 

Corals  are  either  aggregated  in  reefs  or  distributed  sparely  over  the  sea- 
bottom.  In  the  strata  of  nearly  every  formation,  somewhere  or  other, 
aggregations  of  corals  are  found,  either  in  great  banks,  or  as  distinct  reefs 
hanging  on  to  the  older  rocks;  moreover  sparely  distributed  solitary  or 
simple  forms  are  universal. 

In  the  Caribbean  Sea,  the.Indo-Pacific,  the  Great  Ocean,  the  China  seas, 
aggregations  occur  and  the  species  flourish  in  comparatively  shallow  water. 
In  the  deep  water  from  50  to  200  fathoms,  between  reefe,  simple  and  sparely 
distributed  species  occur ;  and  in  other  seas,  where  there  are  no  reefs,  the  sea- 
bottom  from  about  50  to  200  fathoms  supports  larger  or  smaller  simple  and  a 
few  compound  forms. 

The  Mediterranean,  the  Atlantic  off  the  Spanish  coast,  the  Bay  of  Biscay, 
the  South-west  British  sea,  and  especially  the  seas  between  Unst  and 
Norway  are  characterized  by  numerous  simple  Madreporaria  and  a  few  com- 
pound forms. 

This  geographical  and  bathymetrical  distribution  must  influence  us  in 
reasoning  geologically  upon  the  presence  of  corals  in  strata ;  and  a  tropical 
climate  must  not  be  of  necessity  inferred  from  the  discovery  even  of  fine 
specimens. 

Corals  cannot  migrate  except  by  the  floating  away  of  their  ova ;  and  very 
slight  alterations  in  the  very  definite  physical  conditions  destroy  the  parent 
stock  as  well  as  the  ova.  It  is  not  surprising  therefore  to  find  the  species  very 
much  restricted  in  their  vertical  range  in  strata.  Recent  species  vary  greatly 
under  slight  modifications  of  the  sea-depth,  force  of  wave,  and  purity  of  sea- 
water  ;  and  it  is  found  that  corresponding  variations  occurred  in  every  age, 
the  minute  structural  differences  repeated  over  and  over  again  in  specimens 
from  the  same  deposits  having  clearly  a  genetic  relation  to  a  definite  type. 
As  there  are  now  geographical  provinces  of  corals  differing  in  genera,  species, 
and  in  physical  peculiarity,  so  in  every  formation  down  to  the  Lower  Silu- 
rian there  are  evidences  of  areas  characterized  by  reefs  or  by  simple  and 
solitary  species,  and  the  species  of  distant  localities  were,  as  now,  different, 
peculiar,  and  occasionally  identical.  From  those  early  days  there  have  been 
opportunities  for  the  migration  of  distant  species  by  their  ova ;  and  it  is 
found  that  the  fossil  species  peculiar  to  a  certain  geological  horizon  in  one 
part  of  the  world  are  often  represented  by  closely  allied  species,  varieties,  or 
identical  forms  in  higher  or  lower  horizons  in  other  parts.  Some  few 
forms  are  very  persistent ;  and  those  which  have  lasted  through  the  Tertiary 
ages  into  the  present  have  a  great  geographical  range,  just  as  those  which 
had  a  great  vertical  range  in  older  deposits  had  also  a  great  horizontal  area. 

It  is  necessary,  in  considering  the  relative  ages  and  contemporaneity  of 
coral  species,  to  remember  that  a  coral  reef  on  the  side  of  a  precipitous  sub- 
merged mountain-top  had  its  debris  carried  down  the  abyss  for  ages,  and 
that  this  is  enormous  in  amount. 

It  must  be  remembered  that  in  the  course  of  time  the  distance  between 
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the  bottom  of  the  reef  and  the  top  of  the  detritus  will  decrease  very 
sensibly,  and  that  any  gradual  elevation  of  the  reef  above  the  sea,  pro- 
ducing its  destruction,  would  be  accompanied  by  a  more  rapid  descent 
of  det>ris.  In  after  ages  the  upper  and  stony  deposit  would  perchance  be 
considered  of  different  age  from  the  marly  and  fine  sediment  below.  Again, 
deep  seas  creeping  over  littoral  areas  and  then  over  the  land  during  the 
gradual  subsidence  of  great  areas  would  bring-  simple  corals  over  littoral 
and  terrestrial  remains,  the  species  all  being  really  contemporaneous.  On 
the  other  hand,  a  long-continued  subsidence  would  equally  tend  to  the  increase 
of  the  reef  and  of  the  deep-water  sediment.  After  the  lowering  of  the  area 
had  been  destructive  to  the  reef,  and  no  more  detritus  could  fall,  the  usual 
ooze  of  the  deep  sea  would  gradually  invade  all.  These  suggestions  will 
perhaps  render  the  occurrence  of  large  coralliferous  deposits  in  certain  strata 
only,  in  large  areas  of  formations,  more  comprehensible,  and  will  tend  to  the 
belief  that  when  coralliferous  deposits  occur  at  the  base  of  a  great  series  of 
uncoralliferous  strata  (and  this  is  often  the  case)  the  idea  of  contemporaneity 
is  not  overcome  by  the  evident  succession  of  the  deposits. 

The  relation  between  such  faunae  as  the  St.-Cassian  and  South  Wales 
Lower  lias  of  the  zone  of  Ammonites  angrdatus  is  evident ;  but  the  inter- 
mediate faunae  of  Azzarola  and  of  the  lowest  zones  of  the  Lias  on  the  Con- 
tinent are  less  closely  allied  to  the  Welsh  fauna.  Again,  the  fauna  of  the 
Welsh  Lower  lias  is  more  closely  allied  to  the  Lower  Oolitic  Coral-fauna  of 
England  than  are  the  Coral-faunse  of  the  zones  of  A.  Bucklandi,  A.  raricos- 
tatus,  and  of  the  Middle  and  Upper  lias. 

How  interesting  is  the  affinity  between  the  Coral-fauna  of  Gosau  and  the 
Miocene  Coral-fauna  of  the  Caribbean  drea !  yet  the  British  Chalk  hardly 
represents  any  part  of  the  Gosau  fauna,  and  our  Eocene  fauna  has  no 
resemblance  to  it  These  considerations  tend  to  prove  how  vast  and  com- 
plicated the  gradual  migrations  must  have  been,  even  of  animals  which 
could  only  live  under  very  definite  and  limited  conditions,  how  really  con- 
temporaneous were  the  species  entombed  in  vast  consecutive  deposits, 
how  complicated  the  relations  of  the  fauna  have  ever  been,  and  how  clearly 
the  absence  of  corals  from  strata  does  not  prove  their  absence  in  adjoining 
and  equivalent  areas.  The  notion  that  successive  new  creations  of  corals 
followed  repeated  destructions  of  faunae  is  not  supported  by  a  single  fact ;  on 
the  contrary,  all  the  evidence  disproves  it.  The  amount  of  individual  varia- 
tion, of  gradual  structural  changes,  and  of  decided  variation  amongst  the 
Madreporaria  is  not  without  significance ;  and  the  examination  of  large  series 
of  forms  from  all  parts  of  the  world,  and  from  consecutive  formations,  im- 
presses the  belief  in  the  continuous  evolution  of  new  forms  by  variation  from 
the  old  during  the  whole  of  the  Coral  ages. 

Fossil  Corals  from  the  Crag. 

The  followiDg  authors  have  written  upon  this  subject : — Searles  Wood,  Ann. 
&  Mag.  Nat  Hist.  1844,  voL  xiii.  p.  12.  Lonsdale,  Searles  Wood's  Catalogue, 
Ann.  &  Mag.  Nat.  Hist.  1844.  Milne-Edwards  and  Jules  Haime,  "  Mem.  sur 
les  Astraeide8,,,  Comptes  Bendus  de  PAcad.  des  Sciences,  vol.  xxvii.  p.  496 
(1868) ;  "  Monog.  des  Turbinolides,"  Ann.  des  Sciences  Naturelles,  3rd  ser. 
vol.  ix.  (1848);  Hist.  Nat.  des  Corall.  1857,  Paris.  R.  C.  Taylor,  Mag. 
Nat.  Hist.  1830,  vol.  iii.  p.  272.  G.  de  Fromentel, « Introd.  a  ratude  des 
Polyp.  Foss.'  1858. 

The  Sclerodermic  Zoantharia,  or  true  Madreporaria,  are  rarely  found  in 
any  of  the  Crags.    Bryozoa  abound,  and  thus  gave  the  term  "  Coralline  "  to 
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the  Crag.  As  a  general  rule,  the  moat  preservable  and  commonest  of  the 
true  corals  are  not  found  in  recent  seas  with  Bryozoa ;  but  certain  forms 
inhabiting  the  sea-bottom  from  the  lowest  spring-tide  level  to  200  or  more 
fathoms  are  brought  up  by  the  dredge  with  Bryozoa.  These  forms  are 
strongly  represented  in  the  Crag  Coral-fauna. 

List  of  Crag  Species. 

Sphenotrochus  intermedium  Mtinster,  gp.      Cryptangia  Woodii,  Ed.  $  H. 
Flabellum  Woodii,  Ed.  $  H.  Balanophyllia  calyculus,  Wood. 

Sphenotrochus  intermedins  is  found  in  the  Coralline  Crag  and  in  the  Red 
Crag  of  England,  and  it  has  been  found  in  the  Antwerp  Crag.  The  genus 
still  exists,  and  is  represented  in  the  south-western  and  western  British  and 
Irish  seas. 

Sphenotrochus  M'Andrewanus,  Ed.  &  H.,  the  Turbinolia  MiUetiana  of 
William  Thompson,  from  Cornwall  and  Arran,  is  closely  allied  to  the  Crag 
species ;  and  it  is  very  evident,  from  the  variability  of  these  simple  corals,  that 
Sphenotrochus  Milletianus  (Defrance,  sp.)  of  the  Anjou  and  Touraine  Miocene, 
Sphenotrochus  intermedins,  and  Sphenotrochus  M'Andrewanus  have  descended 
from  one  type,  and  that  they  have  been  slightly  modified  to  meet  the  changes 
in  the  external  conditions  in  the  later  Tertiary  and  recent  seas.  Probably 
these  Crag  and  recent  species  should  be  considered  varieties  of  the  Miocene 
form.  My  researches  in  the  Australian  Tertiary  Coral-fauna  have  brought 
two  species  of  Sphenotrochus  to  light ;  but  they  are  only  remotely  allied  to 
the  British  species. 

The  alliance  between  Flabellum  Woodii  and  F.  Boissyanum  of  Dax  and 
Malaga,  and  F.  cristatum  of  the  Bolderberg,  is  not  close ;  and  the  affinity 
between  the  British  Crag  species  and  the  living  F.  anthophyllum,  Ehrenberg, 
of  the  Mediterranean  and  Spanish  coast,  and  perhaps  from  our  north-east 
seas,  is  slight.  Flabellum  Woodii  is  closely  allied  to  F.  subturbinatum,  Ed. 
and  H.,  of  the  Miocene  of  Plaisance,  and  F.  Gallapagense,  from  the  Gallapagos 
Miocene.     F.  Woodii  is  found  in  the  Coralline  Crag. 

Oryptangia  Woodii,  Ed.  &  H. — This  genus  is  extinct,  and  the  second 
species  of  it  is  a  form  very  like  the  Crag  species ;  it  is  from  the  Faluns,  and, 
like  the  Crag  species,  is  imbedded  in  a  Cellepore.  The  septal  arrangement  of 
the  species  is  rather  abnormal,  and  there  is  an  evident  tendency  to  revert  to 
some  old  type  in  which  the  quaternary  arrangement  prevailed.  The  genus  is 
closely  allied  to  Rhkangia  and  to  Cylicia.  The  first  of  these  is  extinct,  and 
flourished  in  the  Lower  Chalk  of  Gosau,  in  the  Eocene,  and  in  the  Miocene ; 
and  the  last  is  recent,  its  species  living  in  the  South- African  and  Australian 


BalanophyUia  calycuZus,  Wood,  is  represented  in  the  Southern  British 
seas  by  B.  regia,  Gosse,  to  which  it  is  closely  allied.  The  Mediterranean 
species  is  not  closely  allied ;  and  the  same  may  be  said  for  the  Cape-of-Good- 
Hope  B.  capensis,  Verrill,  and  the  Miocene  B.  cylindrica.  The  species  is 
found  in  the  B-ed  Crag,  and  the  specimens  are  usually  very  badly  preserved 
about  the  calice.  The  genus  is  folly  noticed  in  the  report  on  the  Fossil 
Corals  of  the  Brockenhurst  beds. 

It  will  thus  appear  that  three  out  of  the  four  genera  of  Crag  corals  are 
represented  in  the  existing  seas  of  our  coasts  by  more  or  less  closely  allied 
species.     One  genus  is  extinct. 

The  fine  StephanophyUia  NysU  of  the  Black  Crag  of  Antwerp  is  not  found 
in  the  British  Crags. 
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Judging  from  the  conditions  surrounding  the  existing  species  and  their 
allies,  it  might  be  asserted  that  no  very  great  bathymetrical  or  climatal 
changes  have  taken  place  between  the  deposit  of  the  Crag  and  the  present 
lime.  The  intervention  of  a  long  glacial  period  is  not  proved  by  the  study  of 
the  corals.  But  doubtless  during  that  period  migration  to  deep  water  or  to 
the  south  occurred.  When  the  cold  period  was  succeeded  by  more  temperate 
times  a  return  of  the  fauna  took  place ;  and  it  must  be  remembered  that  two 
opportunities  at  least  were  thus  given  for  variation  in  form. 

Fossil  Corah  from  Brockenhurst. 
Lower  Oligocene. 

Before  1866  no  species  of  corals  were  known  to  exist  in  any  beds  between 
the  top  of  the  Barton  series  of  the  Eocene  and  the  base  of  the  "  Crag."  I 
published  in  that  year,  in  the  Supplement  to  the  British  Fossil  Corals, 
Palseontographical  Society's  vol.  for  1865,  descriptions  of  thirteen  species  of 
corals  from  Brockenhurst  in  Hampshire.  The  species  were,  with  the  exception 
of  two,  new  to  science,  and  indicated  very  different  external  conditions  to  those 
prevailing  at  the  time  of  the  deposition  of  the  Bracklesham  and  Barton  corals. 
Moreover  the  two  species  which  had  been  described  from  foreign  sources 
also  indicated  a  very  different  state  of  things  from  those  favourable  to  the  life 
of  the  tiny  simple  Turbinolics  of  the  London  Clay  and  of  the  Barton  series. 

The  facies  of  the  whole  collection  was  clearly  intermediate  between  the 
Eocene  and  the  Falunian  coral-faunae.  The  species  were  collected  from  beds 
which  are  distinctly  represented  in  White  Cliff  Bay,  and  which  belong  to 
the  Middle  Headon  series. 

Overlying  freshwater  remains  (the  Lower  Headon),  it  is  evident  that  great 
marine  and  terrestrial  changes  had  occurred  subsequently  to  the  estuarine 
conditions  prevailing  towards  the  end  of  the  deposition  of  the  Barton 
series.  The  genera  of  the  corals  discovered  at  Brockenhurst  prove  that  the 
conditions  inseparable  from  a  coral-reef  succeeded  those  favourable  to  the 
development  of  estuarine  and  freshwater  species  of  mollusca.  The  existing 
species  of  such  genera  as  Mddrepora  and  Solenastrcea  are  reef-dwellers,  and 
Axopora  and  IAiharcea  are  represented  in  modern  reefs  by  Pocillopora  and 
Porites.  Such  genera  as  BalanophyUia  and  Lobopsammia  were  and  are 
dwellers  in  from  20  to  100  or  more  fathoms,  and  are  found  in  the  deeper 
water,  close  to  the  reefs.  A  corresponding  succession  occurs  in  North  Ger- 
many, and  deep  seams  of  fossil  wood  are  covered  with  marine  deposits  of  the 
same  relative  age  as  the  marine  bed  at  Brockenhurst.  Both  the  marine 
deposits  are  covered  with  greater  or  less  depths  of  sands  and  gravels.  The 
moUuscan  fauna  of  Brockenhurst  has  much  in  common  with  those  of  the 
North  German  Lower  Oligocene  deposits  superimposed  on  the  fossil-wood 
seams  of  Magdeburg,  Bemsberg,  Aschersleben,Egeln,  Helmstedt,  andLatdorf ; 
and  the  British  as  well  as  the  German  deposits  are  moreover  the  equivalents 
of  the  "  Tongrien  Infe'iieur." 

The  palaeontology  of  the  deposits  has  been  sufficiently  studied  to  determine 
the  necessity  of  their  separation  in  classificatory  geology  from  the  Eocene 
and  Miocene  formations.  As  yet  no  satisfactory  alliances  have  been  deter- 
mined to  exist  between  the  Oligocene  coral-fauna  of  North  Germany  and  that 
of  Brockenhurst.  But  inasmuch  as  the  mollusca  are  closely  allied,  there  is 
a  great  probability  of  the  deep-water,  oceanic,  and  reef  tracts  having  been  to 
the  west  of  the  North  German  littoral  tracts. 
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List  of  ihe  Species. 

1.  Solenastroa  cellulosa,  Duncan,  8.  Lobopsammia  oariosa,  Groldfius,  sp. 

2. Koeneni,  Duncan.  9.  Axopora  Michelini,  Duncan. 

&  Beussi,  Duncan.  10.  Iitharoa  Brookenhurati,  Duncan. 

4. gemmana,  Duncan.  1 1.  Madrepora  Anglica,  Duncan. 

5.  Beyrichi,  Duncan.  12.  - Romeri,  Duncan. 

6. granulate,  Duncan.  13.  —  Solanderi,  Defrance. 

7.  Balanophyllia  granulata,  Duncan. 

The  species  of  the  genus  Solenastroa  from  Brockenhurst  form  a  very  in- 
teresting series,  which  might  almost  be  made  a  subgenus.  The  high  septal 
number  in  conjunction  with  the  highly  inclined  endotheca  and  the  defective 
columella  characterize  the  group.  The  species  described  by  Reuse  from  the 
Castelgomberto  district,  and  those  from  Ghent  and  Touraine  by  MM.  Milne- 
Edwards  and  Jules  Haime,  are  very  distinct  from  the  Brockenhurst  species. 
Those  I  have  published  in  my  '  West-Indian  Fossil  Corals,'  and  a  species 
noticed  by  Michelotti  and  Duchassaing,  from  St.  Thomas's,  are  equally 
remotely  allied  to  the  British  forms. 

The  recent  Solenastrcea  are  world-wide — the  Bed  Sea,  the  Indian  Ocean, 
and  the  Caribbean  Sea  being  their  favourite  localities. 

The  Madrepores  from  Brockenhurst  are  very  interesting  species,  for  fossil 
forms  of  the  genus  are  very  rare.  Madrepora  Solanderi,  Defrance,  was 
known  as  a  form  from  Anvert  and  Valmondois ;  but  it  appears  to  me  that 
the  correct  geological  age  of  the  deposit  whence  it  and  another  coral  (also 
common  to  the  Brockenhurst,  viz.  Lobopsammia  cariosa)  came  is  not  free  from 
doubt.  It  is  not  improbable  that  they  are  true  Oligocene  corals,  especially 
as  the  last-named  species  is  identical  with  Lobopsammia  dilatata,  Bomer, 
from  Latdorf. 

Madrepora  Anglica  is  a  grand  form,  with  a  great  trunk  and  short  branches, 
equalling  in  size  any  of  the  most  luxuriant  recent  species.  It  is  allied  to 
Madrepora  crassa,  Ed.  &  H.,  from  the  Pacific  and  Southern  oceans.  The 
genus  comprehends  nearly  100  species  now  flourishing ;  but  the  fossil  forms 
are  only  eight  in  number.  The  recent  species  are  found,  for  the  most  part, 
in  the  boiling  surf  of  the  reef,  in  every  part  of  the  globe  where  the  condi- 
tions for  reefs  exist. 

Axopora  is  a  genus  which  has  absorbed  the  genus  ffolaraa.  The  species 
have  very  rudimentary  septa,  enormous  columellas,  well  developed  tabulae, 
and  a  reticulate  coenenchyma.  The  species  are  found  in  the  Eocene  of 
Great  Britain  and  France,  and  at  Brockenhurst,  and  they  are  all  closely 
allied. 

Liiharcm  Brockenhursti  is  remotely  allied  to  the  species  from  the  Brac- 
klesham  beds  and  the  French  and  the  Javan  tertiaries.  The  genus  is  extinct ; 
but  the  Brockenhurst  species,  although  not  the  latest  in  geological  age,  points 
to  Goniophora,  a  large  recent  genus  of  Pacific  and  Bed-Sea  corals. 

The  species  of  Balanophyllia  from  Brockenhurst,  like  that  from  Brackles- 
ham,  has  no  epitheca,  but  its  large  base,  distinct  cost®,  and  very  granular  sur- 
face render  it  easily  distinguishable.  Beuss,  F.  Bomer,  and  Philippi  have 
described  species  from  the  Lower  Marine  Sand  of  Weinheim  and  Latdorf;  but 
they  are  not  closely  allied  to  the  species  under  consideration. 

As  the  genus  is  present  in  the  whole  of  the  Cainozoic  coralliferous  beds 
of  Great  Britain,  and  is  represented  in  the  existing  South  British  and 
Mediterranean  seas,  the  following  Table  may  be  useful  concerning  its  divi- 
sions. 
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Baulkophtixia. 
Subgenus  1.  Corallites  with  broad  bases, 
Balanophyllia  deemophyllum,  Lons- 
dale, sp Bracklesham.  Eocene. 

geniculata,  UArchiac,  sp.  . .  Port  des  Basques.  „ 

tenuistriata,  Ed.  St  H.    ....  Paris  basin.  „ 

granulata,  Duncan Brockenhurst.  Oligocene. 

cylindrica,  Michelotti,  sp.    . .  Turin  and  Verona.  Miocene. 

subcylindrica,  Philippi,  sp.  Sicily.  „ 

Italica,  Michelin,  sp Astesan.  Pliocene  (recent). 

calyculus,  Wood     Crag.  Pliocene. 

capensis,  Verritt Cape  of  Good  Hope.  Kecent. 

verrucaria,  Pallas,  sp.    ...»  Mediterranean.  „ 

Cumingii,  Ed.  &  H.  ......  Philippines.  „ 

regia,  Chsse South  Britain.  „ 

Bairdiana,  Ed.  $  H. Unknown.  ,, 

Subgenus  2.  Corallites  more  or  less  pedicellate. 

Graven,  Michelin,  sp Henouville  (Oise).  Eocene. 

sinuata,         ] 

insequidens,    I  Beuss Weinheim.  Oligocene. 

fascicularis,  J 

proalonga,  MtchelotH,  sp.     . .  Turin.  Miocene. 

Australiensis,  Duncan    ....  South  Australia.  Miocene  ? 

ineplaris,  Seguenza     Sicily.  Pliocene. 

Fossil  Corals  from  the  British  Eocene  Formation. 
The  following  authors  have  written  upon  this  subject : — Fleming, '  Hist, 
of  British  Animals/  1828.  Milne-Edwards  and  Jules  Haime,  op.  cit.  Lons- 
dale, in  Dixon's  '  Geology  of  Sussex.'  J.  de  Carle  Sowerby,  Trans.  GeoL  Soc. 
vol.  v.  p.  136  (1834).  J.  S.  Bowerbank,  Mag.  Nat  Hist.  1840.  Wetherell, 
Trans.  Geol.  Soc.  2nd  ser.  vol.  v.  (1834). 

The  labours  of  these  naturalists  and  paleontologists  were  collected  in  the 
great  monograph  of  the  *  British  Fossil  Corals '  by 

M.  Milne-Edwards  and  Jules  Haime,  and  by  P.  Martin  Duncan,  Supp. 

Mon.  Brit.  Foss.  Corals,  Patoontograph.  Soc.  1866,  part  1,  Tertiary. 

In  the  monograph  last  named  in  the  list,  thirteen  species  were  added  to 

those  noticed  in  the  previously  published  monograph  by  MM.  Milne-Edwards 

and  Jules  Haime.     The  following  is  a  complete  summary  of  the  Eocene 

species. 

1.  Turbinolia  sulcata,  Lamarck.  15.  Trochooyathus  insignia,  Duncan. 

2.  Diioni,  Ed.  #  H.  16.  Paracyathus  creams,  JBd.  $  H. 

3.  —  Bowerbankii,  Ed.  <f  H.  17.  —  oaryophyllus,  Lamarck,  sp. 

4.  — —  Fredericiana,  Ed.  £  H.  18.  —  breris,  Lamarck,  sp, 

5.  — —  hnmilis,  Ed.  $  H.  19. Haimei,  Duncan. 

6.  —  minor,  Ed.  $  H.  20. cylindrical  Duncan. 

7.  firma,  Ed.  §  H.  21.  Dasmia  Sowerbyi,  Ed.  t[  H. 

8.  Prestwiohii,  Ed.  #  H.  22.  Ooolina  oonferta,  Ed.  %  H. 

9.  —  affinis,  Duncan.  23.  —  incrastans,  Duncan. 
10.  —  exarata,  Duncan.  24.  —  Wetherelli,  Duncan. 

]  1.  —  Forbesi,  Duncan.  25.  Diplohelia  papillosa,  Ed.  $  H. 

12.  Leptooyathas  elegans,  Ed.  fy  H.  26.  Styloocenia  emarciata,  Lamarck,  sp. 

13.  Trochooyathus  sinuostis,  Brongniart,  sp.  27. montioularia,  Sckweigger,  sp. 

14. Austeni,  Duncan.  28.  Astroooenia  puloheUa,  Ed.  fy  H. 
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29.  Stephanophyllia  diiooidee,  Ed.  %  K  34.  Dendracui  LonkUlci,  Duncan. 

30.  Bafanophyllia  deemophyllum,  Lonsdale,     35.  Pontes  panicea,  Lonsdale. 

'  sp.  36.  Lithanea  Webrteri,  Bowerbank,  sp. 

31.  DendrophylHa  elegans,  Duncan.  37.  Axopora  Forbesi,  Duncan. 

32.  dendrophylloidee,  Lonsdale*  38.  Parimensis,  MicheUn. 

33.  Stereopeammia  humilis,  Ed.  $  H. 

Notice  of  the  Species. 

Turbinolia  sulcata,  Lamarck,  is  found  in  the  Eocene  deposits  at  Grignon, 
Hauteville,  and  Ghent,  and  is  not  found,  I  believe,  in  higher  beds  than  the 
Bracklesham  in  England.  The  other  species  are  purely  British.  T.  Brest- 
wichii,  Ed.  <fe  H.,  is  probably  the  oldest  form,  and  T.  sulcata  and  T.  Dixoni 
are  next  in  age.  The  remaining  species  come  from  the  Barton  beds.  With 
the  exception  of  the  occurrence  of  T.  sulcata  in  the  Parisian  Eocene,  there  is 
little  to  connect  these  Turbinoliae  with  others.  The  genus  is  not  represented 
in  the  great  Nummulitic  coral-fauna  of  the  South  of  France,  the  North 
of  Italy,  or  of  Sindh.  A  species  is  found  in  the  Eocene  of  Alabama ;  and 
three  species,  characterized  by  very  bad  specimens,  were  determined  from 
forms  found  in  the  Lower  OHgocene  deposits  of  Germany.  The  genus  is 
extinct. 

The  genus  Leptocyathus  is  one  of  those  artificial  groups  which  surround  the 
great  genus  Troehocyaihus.  It  is  closely  allied  to  Stephanocyaihus,  Seguenza ; 
and  indeed  the  only  distinction  between  these  two  genera  is  the  distribution 
of  the  pali  before  certain  septa.  Doubtless  some  further  information  will 
enable  those  interested  in  the  classification  of  the  Zoantharia  to  make  the 
genera  Leptocyathus  and  Stephanocyaihus  mere  subgenera  of  Trochocyaihus. 
L.  elegans  is  a  very  beautiful  form ;  and  the  structure  of  its  base  is  a  curious 
instance  of  symmetry  and  simplicity  of  structure,  producing  in  a  coral  which 
doubtless  was  a  dweller  in  deepish  water  and  on  an  oozy  bottom,  great  per- 
fection of  ornamentation. 

There  is  a  second  species,  L.  Atalayensis,  D'Archiac,  sp.,  from  the  Eocene 
of  Biarritz ;  but  there  is  some  doubt  about  its  genus. 

The  Trochocyathi  of  the  British  Eocene  are  insignificant  species  of  the 
great  genus  which  is  so  fully  represented  in  the  Sindhian  and  European 
Nummnlitic  series.  I  have  noticed  in  my  *  Supplement  to  the  British  Fossil 
Corals/  Part  I.,  that  it  is  doubtful  if  T.  sinuosus  was  ever  found  in  England, 
and  I  have  described  two  new  species. 

One  of  these,  T.  Austeni,  Duncan,  is  the  representative  in  the  Brackles- 
ham deposits  of  T.  elongates,  Ed.  &  H.,  of  the  Eocene  of  Quartier-du-Vit 
(Basses  Alpes)  ;  but  T.  insignis,  Duncan,  so  readily  distinguishable  by  its 
costal  ornamentation  and  wavy  spino-granulose  septa,  is  very  solitary  as 
regards  its  affinities.  The  Trochocyathi  commenced  in  the  Jurassic  period, 
culminated  in  the  Miocene,  and  are  extinct,  being  represented  by  the  Cary- 
ophyllice  of  the  Pliocene  and  recent  coral-faunae. 

^fiiere  are  several  genera  of  perforate  corals  in  the  British  Eocene.  Four 
genera  of  these  belong  to  the  Eupsamrmdas,  one  to  the  Turbinarvna,  and 
two  to  the  Poritidce. 

The  Eupsammian  genera  are : — 

Stephanophrllia.  Dendrophyllia. 

Baknophyllia.  StereopBammia. 

The  StephanophyUicB  are  Cyclolitoid  Eupsammidcs,  and  range  from  the 
White  Chalk  to  the  Pliocene. 

The  Cretaceous  species  form  a  group  readily  distinguished  from  the  Ter- 
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tiary  forms ;  and  these  have  a  calicular  and  columellary  structure  which  forms 
them  into  a  subgroup. 

The  Eocene  species  is  distantly  allied  to  &  elegant  from  the  Miocene  of 
Tortona.     The  genus  is  extinct. 

The  BalanophyUia,  from  the  Bracklesham  beds,  is  readily  distinguished 
from  the  Crag  species  by  its  having  no  epitheca.  This  is  one  of  the  oldest 
species  of  the  genus,  whose  species  are  found  also  in  the  Paris  Eocene,  and 
in  the  Nummulitic  strata  of  Port-dee-Basques.  The  recent  species  are 
British,  South  African,  and  Pacific  (20  to  80  fathoms). 

The  new  species,  DendrophyUia  elegans,  nobis,  is  one  of  the  most  beautiful 
corals  ever  discovered.  The  elegant  branching  and  gemmation,  the  graceful 
costal  curvature  and  granulation,  and  the  symmetrical  repetition  of  the  septal 
cycles  render  the  coral  an  object  of  great  interest.  Its  nearest  ally  is  D. 
gracilis,  Ed.  &  H.,  of  the  Chinese  seas,  a  dweller  in  twenty-five  fathoms 
water.  The  Miocene  and  Pliocene  species  of  the  genus  are  well  marked ; 
and  the  recent  species  are  found  in  the  Mediterranean  Sea,  in  the  sea  off 
Cadiz  and  Madeira,  and  in  the  Chinese,  Pacific,  and  Australian  seas.  The 
most  vigorous  species  are  from  Cadiz  and  Madeira,  Dendrophyllia  ramea 
living  there  in  twenty-five  to  eighty  fathoms. 

Stereopsammia  is  a  genus  with  only  one  species ;  and  this  was  determined 
from  the  study  of  a  very  good  compound  corallum  in  the  Bracklesham  beds. 
It  is  interesting  to  note  that  a  genus  appeared  in  the  Upper  Sicilian  Ter- 
tiaries  (and  has  many  species  in  the  Australian,  New-Zealand,  and  Chinese 
seas,  besides  some  off  Panama  and  in  the  Pacific  coral-sea,  <fec.)  which  is 
closely  allied  to  Stereopsammia,  for  its  only  distinction  is  the  existence  of  a 
columella  in  its  species.  Both  the  genera  are  very  erratic  members  of  their 
subfamily,  for  the  peculiar  Eupsammian  direction  of  the  septa  is  not  noticed 
either  in  Stereopsammia  or  in  Cosnopsammia. 

The  aporose  condition  of  the  lower  part  of  the  corallites  of  Stereopsammia, 
and  their  perforated  calicular  ends,  taken  into  consideration  with  the  pecu- 
liarity of  the  septal  direction,  prove  that  the  genus  links  the  Eupsammince 
amongst  the  perforate  corals  with  the  Aporosa. 

The  genus  Dendracis  has  hitherto  been  little  known.  MM.  Milne-Edwards 
and  Jules  Haime  described  the  first  species,  out  of  the  Madrepora  Gervilii  of 
Defrance,  from  the  Hauteville  beds ;  but  no  species  was  known  to  be  of 
British  growth.  Whilst  examining  the  Dixon  collection  in  the  British  Museum, 
I  found  a  species,  D.  Lonsdalei,  nobis.  Very  recently  Beusshas  described : — 
D.  seriata,  Castelgomberto ;  D.  mammiMosa,  Castelgomberto ;  2>.  Haidingeri, 
Oberburg  and  Java ;  and  D.  nodosa,  Oberburg.  D'Achiardi  has  also  described 
a  species  from  the  Castelgomberto  district. 

Lonsdale  was  correct  in  his  diagnosis  of  his  Porites  panicea ;  and  it  is  a 
most  interesting  species,  for  it  is  a  true  Porites  and  a  perforate  coral.  The 
form  has  its  septa  less  spiculate  and  more  lamellate  than  is  usual  in  the 
Porites,  moreover  the  coencnchyma  is  very  decided.  This  Eocene  species  has 
thus  characteristics  of  the  genera  Porites,  Astratopora,  and  Litharcea. 

Beuss  has  described  Porites  nummulitica,  Oberburg ;  P.  minuta,  Castel- 
gomberto ;  P.  incrassata,  Java,  tertiary.  This  last  species  is  closely  allied 
to  Porites  panicea. 

Some  years  since,  I  described  a  Porites  from  the  Lower  (Hippurite)  lime- 
stone of  Jamaica.  Our  knowledge  of  the  genus,  therefore,  extends  from  the 
Lower  Chalk  to  the  present  day.  The  Miocene  forms  and  the  recent  are  the 
most  numerous.  Astrceopora  panicea,  Ed.  &  H.,  must  give  way  to  the  original 
species,  Porites  panicea,  Lonsdale.     The  Astrceopora!  flourished  in  the  Castel- 
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gomberto  deposits.  The  genera  Axopora  and  Litharaa  have  been  notioed  in 
the  report  on  the  Brockenhnrst  corals.  The  first  genus  represented  the 
MiUeporicUe  in  the  Eocene. 

The  five  species  of  ParacyaihuM  from  the  British  Eocene  are : — 

Paracjathua  cram*,  Ed.  Sf  H.  Paracyathu*  Haimei,  Duncan. 
—  caryophyllaa,  Lontdale,  gp.                    —  cylindricua,  Duncan, 
bre  via,  Ed.  §  H. 

P.  caryophyUus  is  found  in  the  Jamaican  Eocene,  and  is  closely  allied  to 
P.  cylindricus.     P.  crassus  and  P.  Haimei  are  also  allied. 

It  is  doubtful  whether  the  genus  should  be  considered  more  than  a  sub- 
genus of  the  great  genus  Trochocyathui.  There  are  recent  species  in  the 
Mediterranean  and  in  the  West  Indies.  They  are  found  at  a  depth  of  from 
fifteen  to  eighty  fathoms. 

M.  de  Fromentel  has  described  a  species  of  the  extraordinary  Eocene 
genus  Dasmia,  from  the  Neocomian  of  St.  Dirier.  The  genus  stands  by 
itself,  unless  the  opinion  of  MM.  Milne-Edwards  and  Jules  Haime  be  ad- 
mitted to  be  correct,  vis.  that  each  lamina  is  a  septum.  To  carry  this 
opinion  further  would  place  the  genus  amongst  the  Euptammidce. 

The  OcuHnidce  are  represented  in  the  British  Eocene  by  two  genera  and 
four  species. 

Oculina  oonferU,  Ed.  Sf  H.  Oculina  Wctherelli,  Duncan. 

—  incruBtans,  Duncan.  Diplohelia  papilloma,  Ed.  $•  H. 

The  three  species  of  Oculina  belong  to  a  subdivision  of  the  genus  in  which 
the  calioes  are  distributed  without  order,  the  costal  striae  being  rudimentary 
or  absent.  Oculina  conftrta  has  some  analogy  with  Oculina  Haltnsis,  Duncan, 
from  the  nummulitic  limestone  of  Sindh;  but  the  Sindhian  coral  has  its 
calices  arranged  in  a  serial  order.  The  genus  flourished  in  the  Miocene  and 
Pliocene  periods,  and  is  represented  in  almost  every  coralliferous  sea  by 
species  living  either  in  tolerably  deep  water  or  at  a  very  great  depth. 

Diplohelia  is  an  extinct  genus,  and  characterises  Tertiary  deposits.  There 
is  a  species,  D.  raristella,  Defrance,  sp.,  in  the  Eocene  of  Paris  and  Biarritz. 
In  the  corresponding  deposits  of  Lacken  there  is  D.  multlstellata,  Galeotti, 
sp.  The  Miocene  species  from  the  Sicilian  Tertiaries  have  lately  been  de- 
scribed by  Seguenza ;  and  D.  reflexa,  Michelotti,  sp.,  is  from  Superga.  The 
great  devolopment  of  the  columella  in  Diplohelia  separates  the  genus  from  its 
nearest  ally  AstroTidia,  whose  species  are  Miocene  forms  from  the  Faluns  and 
from  Maryland.  The  transition  between  the  genera  is  through  Astrohelia  Le- 
gueuri,  Ed.  <fe  H.,  from  the  American  Walnut-Hill  Miocene.  This  species  has 
a  small,  lax,  and  spongy  columella,  and  its  closest  affinity  is  with  the  Diplo- 
helia with  costal  striae.  M.  Milne-Edwards  remarks  that  Astrohelia  (thus 
united  with  Diphhelid)  is  a  passage  from  between  the  Oculinidce  and  the 
Astrceidai,  particularly  in  relation  to  the  Cladangia?,  a  Miocene  genus.  The 
affinity  between  Cladangia  and  the  recent  Astranginas  is  evident. 

The  genera  Styloccmia  and  Astroccenia  have  been  removed  from  the 
Ensmilinas  to  the  AstrceincB  in  consequence  of  the  discovery  that  their  septa 
are  dentate. 

Styloccmia  emarciata  has  an  immense  geological  range.  It  characterizes 
the  Eocene  of  Jamaica,  Sindh,  Italy,  France,  and  England. 

8.  monticularia  is  common  to  the  French  and  British  Eocene  beds.  (See 
remarks  on  the  genus  in  the  report  on  the  fossil  corals  of  the  lias.) 

Astrocania  is  a  very  important  secondary  genus ;  its  peculiarities  are  fully 
discussed  in  the  Report  on  the  Fossil  Corals  of  the  Das.  There  are  three 
species  in  the  Eocene,  but  only  one  is  British.    Beuss  has  lately  described 
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two  species  from  the  Castelgomberto  district.  The  genus  became  extinct 
in  the  Miocene  age. 

The  smaller  Heliastroans  and  Astneans  appear  to  represent  these  genera 
in  the  recent  coral-£aun©. 

It  may  be  assumed,  from  our  knowledge  of  the  habits  of  the  representatives 
of  the  Eocene  species  in  the  existing  seas,  that  the  bulk  of  the  fauna  lived 
on  oozy  sea-bottoms,  at  a  depth  of  from  10  to  100  fathoms.  Such  a  sea  (as 
regards  its  depth,  bottom,  and  magnitude,  but  not  as  regards  its  temperature) 
as  has  been  dredged  off  Unst,  or  the  Southern  China  Sea,  where  there  are  no 
reefs,  might  resemble  that  which  contained  the  old  Twrbinoliot,  Trochocyathi, 
Varacyathi,  OcuUncB,  Stephanophylluc,  Balanophyllias,  DendrophyUuB,  and 
Stereopsammias. 

The  genera  Styloccema,  Astroccenia,  Dendracis,  Portia,  Liiharcea,  and  Axo- 
pora  were  probably  located  on  small  reefs,  or  in  shallower  water  than  the 
others.  The  fauna,  as  a  whole,  is  insignificant,  and  bears  a  very  feeble  re- 
lation to  the  magnificent  Eocene  Coral-fauna  of  Castelgomberto,  the  South  of 
France,  and  Sindh.  These  were  the  coral-tracts  of  the  period,  and  were  full 
of  great  reefs,  whose  corals  are  represented  now-a-days  by  large  and  quickly 
growing  species. 

The  immense  break  between  the  Upper  Chalk  and  the  British  ooralliferous 
Eocene  deposits  is  proved  by  the  total  difference  of  their  coral-fauns. 

The  scanty  relationship  between  the  British  Eocene  and  Lower  Oligocene 
coral-fauna)  has  already  been  noticed.  Part  of  the  British  Eocene  coral-fauna 
is  represented  by  species  now  living  in  the  British,  Spanish,  and  Mediter- 
ranean seas,  and  the  rest  by  species  in  the  Pacific  and  East-Indian  oceans. 
The  slight  affinity  between  the  British  Eocene  and  the  recent  West-Indian 
coral-faun©  is  therefore  worthy  of  notice. 

Fossil  Corals  from  the  Upper  and  Lower  White  Chalk  of  Great  Britain. 

The  following  authors  have  written  upon  this  subject : — MM.  Milne-Ed- 
wards and  Jules  Haime,  op.  cit.  Lonsdale  in  Dixon's  ^Geology  of  Sussex.' 
Parkinson,  '  Organic  Bemains  of  a  Former  World.'  Mantell,  '  Geology  of 
Sussex,'  and  Trans.  GeoL  Soc.  2nd  ser.  vol.  iii.  Fleming, '  British  Animals,' 
1828.  Phillips's  *  Illustrations  of  the  Geology  of  Yorkshire,'  pt.  1,  1829.  S. 
Woodward, '  Synopt.  Tab.  Brit.  Org.  Bemains,'  1830.  B.  C.  Taylor  in  Mag. 
Nat.  Hist  vol.  iii.  p.  271  (1830). 

MM.  Milne-Edwards  and  Jules  Haime  noticed  and  described  nine  species 
from  these  formations.  One  of  these  species  had  been  previously  described 
by  Mantell,  and  another  by  Beuss;  but  seven  species  were  added  to  our 
British  fauna  through  the  industry  of  the  great  French  aoophytologists. 

During  the  last  few  months  I  have  thoroughly  examined  the  specimens 
offered  to  me,  and  those  which  had  been  studied  by  MM.  Milne-Edwards  and 
Jules  Haime,  Lonsdale,  and  Mantell.  I  can  add  ten  new  species  to  the  list  of 
the  corals  from  the  White  Chalk,  and  five  good  varieties  of  formerly  known 
species.  It  is  necessary  also  to  admit  a  species  of  Mr.  Lonsdale's,  and  to 
uppress  one  of  MM.  Milne-Edwards  and  Jules  Haime. 

Corah  from  the  Upper  and  Lower  White  Chalk. 
1.  Caryophyllia  oylindraoea,  Beuss,  sp.*  4.  Onchotroohus  serpentinus,  Duncan  f. 

2. Lonsdalei,  Duncant.  5.  Trochosmilia  laxa,  Ed.  <f  27.,'  sp.  and 

3. Tennanti,  Duncani.  varieties  1,  2,  3  J. 

*  Synonym  Qyathina  lavigata.  f  Species  not  hitherto  described. 

\  Varieties  or  subspecies  not  hitherto  described. 
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6.  Iroohosmilia  cornucopia,  Duncan  *.  13.  Parasmilia  Fittoni,  Ed.  if  Kf 

7. Wiltehiri,  Duncan*.  14. serpentina,  Ed.  $  H. 

8. Woodwardi,  Duncan  *.  15. monilis,  Duncan  *. 

9. granulate,  Duncan  *.  16. granulate,  Duncan  *. 

10. cylindracea,  Duncan  *.  17.  Diblasus  Gravensis,  Lonsdale. 

11.  Parasmilia  centralis,  MantiU,  sp.,  va-     18.  Synhelia  Sharpeana,  Ed.tfff.1 

rieties  1,  2.  19.  Stophanophyllia  Bowerbanki,  Ed.  %  &\ 

12. cylindrioa,JEtf.#fl: 

The  list  of  species  presents  a  remarkable  assemblage  of  forms.  The  Caryo- 
phyUia are  represented  in  existing  seas,  especially  in  from  low  spring-tide 
level  to  80  or  100  fathoms,  in  the  West  Indies,  the  Mediterranean,  and  in 
the  south-east  and  north-east  British  seas.  They  are,  with  one  exception 
(the  CaryophyUia  Smyflii),  always  dwellers  in  many  fathoms ;  and  this  coral 
is  evidently  a  littoral  variety  of  C.  borealis.  The  Octdinidce  of  the  present  day 
are  usually  found  under  the  same  conditions  as  the'Caryophyllice ;  and  doubt- 
less the  Paramrnliceand  TroehosmfficB  were  dwellers  in  from  10  to  100  fathoms. 

There  are  no  forms  which  indicate  shallow  waters,  or  anything  like  a  reef. 
The  fauna  is  essentially  a  deep-sea  one. 

The  continental  development  of  Cretaceous  corals  is  very  remarkable ;  and 
the  horizon  of  Gosau  and  Martigues,  probably  that  of  our  Lower  White  Chalk 
and  part  of  the  Upper  Greensand,  is  characterized  by  the  reef  species.  A 
more  decided  equivalency  between  the  higher  horizons  of  the  Upper  Chalk  of 
the  continent  and  the  Norfolk  beds  has  been  established  by  the  discovery  of 
some  of  the  species  now  noticed  for  the  first  time. 

Family  TTJRBINOLIDJE. 
Division  Cabtophyllacejs. 

MM.  Milne-Edwards  and  Jules  Haime  adopted  for  a  coral  from  the  Upper 
Chalk  the  name  of  Oyaihina  laevigata.  They  published  this  name  in  their 
"  Monog.  des  Turlinolides,"  Ann.  des  Sciences  Nat.  3rd  series,  vol.  ix.  p.  20 
(1848),  and  in  their  "  Monograph  of  the  Corals  of  the  Upper  Chalk,"  Pal. 
Soc.  1850.  Lonsdale  named  the  same  coral  Monocarya  centralis,  Dixon, 
*  Geol.  of  Sussex,'  1850,  and  probably  Monocarya  cultrata  also. 

In  1850  D'Orbigny  (Prodr.  de  Paleont.  t.  ii.  p.  275,  1850)  gave  the  coral 
the  specific  name  cylindracea,  it  having  become  evident  that  Eeuss  was  the 
primary  discoverer  of  the  species  in  1846.  In  his  *  ]Kreideformation,,  p.  61, 
pi.  14,  figs.  23-30,  Reuse  gives  the  name  AnthophyUium  cylindraceum.  The 
genus  of  the  coral  is  evidently  CaryophyUia,  in1  the  sense  adopted  by  Charles 
Stokes  in  1828. 

MM.  Milne-Edwards  and  Jules  Haime,  having  all  this  information  before 
them,  very  properly  determined  the  generic  and  specific  names  to  be  Caryo- 
phyUia cylindracea,  Eeuss,  sp.,  in  their  '  Hist.  Nat.  des  Corall.'  voL  ii.  p.  18. 

This  species  is  very  polymorphic,  and  the  pali  of  some  specimens  are  very 
like  the  outer  terminations  of  the  columellary  structures  in  some  ParasmUias. 
Very  frequently  it  is  hardly  possible  to  determine  which  are  the  pali  and 
which  the  ends  of  the  columellary  fasciculi.  Moreover  in  some  specimens 
the  base  is  small  and  the  costae  reach  low  down ;  whilst  in  others  the  base  is 
normal  and  large,  the  cost©  being  abnormal  from  their  length.    There  is  a 

*  Speciea  not  hitherto  described. 

t  See  the  remarks  on  the  propriety  of  absorbing  P.  ManteUi. 

M  de  Fromentel  has  described  CaryophyUia  decameri^  from  Southfleet.  Much  experi- 
ence in  these  species  inclines  me  to  believe  the  decameral  arrangement  he  speaks  of  to  be 
a  monstrosity.    His  species  has  but  one  specimen. 

\  Lower  Chalk. 
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new  species  of  this  genus  in  the  Dunstable  chalk,  and  another  in  the  chalk  of 
Sussex.  There  are  thus  three  species  of  Caryophyllia  in  the  Upper  Chalk  of 
England : — 

1 .  Caryophyllia  cylindraoea,  Beuss,  sp.         3.  Caryophyllia  Tennanti,  Duncan. 

2.  Lonsdalei,  Duncan, 

Caryophyllia  Lonsdalei,  Duncan. 

The  corallum  has  a  large  and  incrusting  base,  and  the  stem  is  cylindro- 
conical  and  straight.  There  is  a  slight  curve  near  the  base.  The  calice  is 
circular,  small,  not  very  open,  and  moderately  deep.  The  columella  is  small, 
and  is  terminated  by  rod-shaped  processes.  The  septa  are  slightly  exsert, 
the  primary  especially.  There  are  three  complete  cycles ;  and  the  septa  of 
the  higher  orders  of  the  fourth  cycle  are  not  developed  in  every  system.  The 
primary,  secondary,  and  tertiary  septa  are  very  much  alike.  They  have  a 
wavy  inner  edge  and  are  granulated.  The  pali  are  situated  before  the  ter- 
tiary septa,  and  are  knob-shaped,  and  rather  flat  from  side  to  side.  The  cost© 
are  nearly  equal  at  the  calicular  margin,  and  pass  downwards  as  flat,  band- 
like prominences,  separated  by  shallow  intercostal  grooves.  They  are  con- 
tinued to  the  base,  but  are  hidden  midway  by  an  epithecal  growth. 

Height  of  the  corallum  £  inch.     Breadth  of  the  calice  £  inch. 

Locality.  Dunstable. 

In  the  collection  of  the  Rev.  T.  Wiltshire. 

This  species  is  readily  distinguished  by  its  cost®,  and  is  more  closely  allied 
to  C.  cylindracea  than  to  any  other  form. 

Caryophyllia  Tennanti,  Duncan. 

The  corallum  has  a  large  base,  a  curved  cylindrical  stem,  and  an  inclined 
elliptical  calice.  It  is  short  in  relation  to  its  broad  base.  The  calice  is  open 
and  shallow.  The  columella  is  small,  and  terminates  in  twelve  knob-shaped 
endings  to  the  fasciculi.  The  septa  are  unequal,  and  there  are  five  incom- 
plete cycles.  The  laminae  are  marked  with  curved  lines  of  granules,  are  wavy 
and  unequal  The  pali  are  longer  than  the  columellary  processes,  are  wavy, 
flattened,  and  curved.  The  cost©  are  subequal  in  the  upper  third,  but  are 
not  seen  below. 

Height  1  j  inch.     Length  of  calice  £  inch. 

Locality.  Sussex,  Upper  Chalk. 

In  the  collection  of  Professor  Tennant,  F.G.S. 

This  species  connects  the  Tertiary  and  recent  Caryophyllia  with  those  of 
the  Cretaceous  system. 

Division  Tttbbixoliacvjb. 
Gen.  nov.  Onchotbochus. 

The  corallum  is  simple,  tall,  slender,  rather  hook-shaped  or  clavate,  and 
presents  evidence  of  irregular  growth. 

There  is  no  endotheca.  The  coatae  are  rudimentary,  and  there  is  no  colu- 
mella.    The  septa  are  few  in  number.     The  epitheca  is  pellicular  and  striated. 

The  genus  is  somewhat  allied  to  Smilotrochus,  Stylotrochus,  and  very  dis- 
tantly to  Flabellwn. 

Onchotrochus  serpentinus,  Duncan. 

The  corallum  is  tubulate,  curved  superiorly,  and  straight,  and  tapering  in- 
feriorly.  There  is  a  sudden  diminution  in  the  diameter  of  the  upper  part  of 
the  corallum.  The  costae  are  quite  rudimentary.  The  epitheca  is  marked 
with  fine  transverse  striations.  The  septa  are  continuous  with  what  appear 
to  be  rudimentary  intercostal  spaces.     The  laminae  are  twelve  in  number ; 
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they  project  into  the  circular  calice,  but  are  not  exsert.  A  section  proves 
that  they  are  very  stout  even  low  down  in  the  corallum. 

Length  of  corallum  1  inch.     Diameter  of  the  calice  £  inch. 

Locality.  Charlton,  Kent. 

In  the  collection  of  the  Rev.  T.  Wiltshire. 

This  species  is  mimetic  of  Parasmilia  serpentina,  Ed.  &  H.,  from  the  same 
geological  horizon,  just  as  Thecosmilia  cylindriea  is  of  Parasmilia  cylindrica. 
The  Stylotrochi  of  the  Cambridge  Upper  Greensand  are  closely  allied  to  the 
Upper-Cretaceous  form. 

Family  ASTR^IDjE. 

Genus  Trochosmilia.  . 

Subgenus  Coslosmilia. 

It  is  a  great  question  whether  CctlosmUia  can  stand  as  a  genus.  It  is  im- 
possible to  separate  its  species  from  those  of  Trochosmilia  by  an  external 
examination;  and  sections  prove  that  there  is  no  columella  and  a  very 
scanty  endotheca.  Still  there  is  an  endotheca  ;  and  the  visceral  cavity  is  not 
open  from  top  to  bottom,  as  in  the  Turbinolidar.  It  is  true  that  there  is  a 
facies  common  to  the  Cadosmilice,  and  that  they  are  a  natural  group  ;  but  in 
fact  they  would  not  differ  from  a  well-known  Trochosmilia  with  scanty  endo- 
theca, were  there  such  a  species.  On^tudying  the  genus  Trochosmilia,  it  will 
be  noticed  that  many  of  its  species  have  never  been  described  with  reference 
to  their  endotheca.  Many  were  determined  from  one  or  two  specimens,  and 
sections  of  the  majority  have  not  been  taken.  Now  Trochosmilia  sulcata, 
Ed.  &  H.,  has  very  little  endotheca ;  it  is  a  species  from  the  Gault,  and  the 
Ccdosmilice  are  all  from  the  Upper  Cretaceous,  Eocene,  and  recent  coral-fauna?. 
In  placing  Codosmilia  as  a  subgenus,  but  included  in  Trochosmilia,  it  must  be 
admitted  that  the  classification  becomes  simpler  and  more  natural.  Since 
MM.  Milne-Edwards  and  Jules  Haime  published  their  '  Hist.  Nat.  des  Coral - 
liairee '  some  new  species  of  Caslosmilia  have  been  published  or  described. 
The  known  species  were  as  follows : — 

1.  Cceloemilia  poculum,  Ed.  $  H.    Recent  6.  Ccelosmilia    Atlantic*,  D'Orb.    Tuber 

2. Faujaai,  Ed.  #  H.    White  Chalk.  Creek,  New  Jersey. 

3.  punctata,  Ed.  $  H.    White  Chalk.  7.  excarata,  Hag.,  gp. 

4.  laxa,  Ed.  $  H.    Norwich  Chalk.  8. radiata,  Qucnstedt    Natheim. 

5.  Edwardai,  If  Orb.    Sezanne. 

The  new  species  are ; — 

10.  Cceloemilia  eUiptica,  Beust.  Castelgom-  14.  Cceloemilia  Woodwardi,  Duncan.  White 
berto.  Chalk,  England. 

]  1.  Jarana,  Duncan,  MS.    Java.  15. granulata,  Duncan.    White  Chalk, 

12  cornucopias,  Duncan.    Trimming-  England. 

ham  chalk.  16. cylindrica,  Duncan,  White  Chalk, 

1 3. Wiltahiri,  Duncan.  Norwich  Chalk.  England. 

The  species  comucopice,  WUtshiri,  Woodwardi,  granulata,  and  cylindrica 
are  new  to  British  palaeontology,  and  are  very  characteristic  of  the  Upper 
Chalk. 

I  have  discovered  three  well-marked  varieties  of  C.  laxa. 

An  analysis  of  the  species  produces  the  following  results : — 

1.  The  species  Atlantica,  punctata,  Edwardsi,  excavata,  and  radiata  either 
pertain  to  other  species,  or  are  really  indeterminable. 

2.  The  species  whose  septal  arrangement  shows  more  cycles  than  four,  or 
some  septa  of  the  fifth  cycle,  are : — 
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Ccslosmilia  poculum.  Coelosmilia  Wiltahiri. 

—  Faujasi.  Woodwardi. 

Javana.  eUiptiea. 

— —  cornucopias. 

3.  The  species  whose  septal  arrangement  showB  three  cycles,  or  four  cycles, 
or  some  septa  of  the  fourth  cycle,  are : — 

Codosmilia  granulats.  Coelosmilia  laza. 
cylindnca. 

4.  The  species  with  large  bases  and  with  more  than  four  cycles  are : — 

Coelosmilia  poculam.  Coelosmilia  elliptiuu 

5.  The  species  with  a  larjge  base  and  with  more  than  three  cycles  of  septa, 
but  not  more  than  four,  is 

Coelosmilia  cylindrica. 
Haying  scanty  endothecte  with  wide  bases : — 

The  coetas  yeiy  dirtinct,  flat,  wide,   ktercoatall         (C.)  oylindrioa,  i)»»ca». 

spaces  linear,  4  cycles,  oorallum  cylindrical...  J  v    '  «v""«"»»>  "rnxm. 

With  pedicel,  or  a  small  trace  of  former  attachment,  5  cycles : — 

The  eosfae  throughout  indistinct,  plane,  and  unequal.  Trochosmilia  (C.)  Faujasi,  Ed.  Sf  H. 
The  costei  alternately  large  and  small,  subcristi- 1  /n  \  t.  n 

form  above,  oroied  by  ornamentaUon )        (C.)  Jarana, -Daacan. 

The  costae  subcristiform  throughout,  subequal  aboye . . .        (C.)  cornucopiie  „ 

The  costae  very  distant,  distinct  and  subcristiform, " 

smaller,  much  ornamented 


(C.)  Wiltshiri,     „ 
(C.)  Woodwardi,  „ 


(C.)  granulata      „ 
(C.)laxa,fi/.#J5f. 


The  cost®  long,  the  principal  cristiform,  many 
smaller  between  them,  oorallum  long  and 
cornute 

Four  cycles  or  part  of  the  fourth : — 

The  cost®  well  marked,  distant,  very  granular, 
intercostal  spaces  very  granular  and  strongly 
marked,  oorallum  curved 

The  coatee  distant,  distinct,  and  cross-marked  in  in- 
tercostal spaces    j 

Trochosmilia  (Ccehsmilia)  laxa,  Ed.  &  H. 

In  examining  good  specimens  of  this  species  I  found  the  fourth  cycle 
of  septa  to  be  present.  Its  laminae  are  small,  but  decidedly  visible ;  conse- 
quently the  calice,  as  drawn  by  MM.  Milne-Edwards  and  Jules  Haime,  <  Mo- 
nog.  Brit.  Fo8S.  Corals/  pt.  1.  tab.  viii.  fig.  4  c,  is  incorrect.  The  following 
description  will  apply  to  the  three  varieties  of  the  species. 

Variety  1.  The  corallum  is  conico-cylindrical  and  straight.  The  costae  are 
intensely  granular  inferiorly,  and  two  large  cost®  are  separated  by  three 
smaller.  Near  the  calice  the  larger  costae  have  a  wavy  cristiform  ridge  upon 
them,  the  intermediate  costae  being  very  granular,  with  chevron  patterns,  or 
they  may  be  moniliform.  At  the  calicular  margin  the  costae  are  nearly  flat 
and  granular.    The  fourth  cycle  of  septa  is  distinct. 

Variety  2.  Inferiorly,  in  structure  as  variety  1.  Superiorly  the  principal 
costae  are  very  cristiform,  and  well  marked  with  a  secondary  ridge.  The 
chevron  pattern  of  the  intermediate  costae  are  very  distinct. 

Variety  3.  Costae  inferiorly  wavy  and  sparely  granular.  Superiorly  the 
eostao  arc  subcristiform  and  plain,  the  continuity  of  the  crests  being  defective. 
The  intermediate  are  broken  and  moniliform,  and  here  and  there  chevroned. 
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TrochosmiUa  (Ccelosmilia)  cornucopia,  Duncan. 

The  corallum  is  strongly  curved  in  the  plane  of  the  smaller  axis,  and  it  is 
compressed  superiorly,  and  is  finely  pedunculate.  The  growth-rings  and 
swellings  are  moderately  developed.  The  costae  are  subequal  above  and 
cristate,  and  unequal  inferiorly.  The  septa  are  numerous  and  very  unequal. 
There  are  five  cycles  of  septa,  and  six  systems.  The  primary  septa  are  very 
exsert,  and  the  secondary  ones  less  so.  The  septa  of  the  fifth  cycle  are  very 
small.  The  calico  is  elliptical  and  the  fossa  very  deep,  the  larger  septa  join- 
ing those  opposite  at  its  bottom.    There  are  traces  of  epitheca. 

Height  1  inch.  Breadth  of  calice  £  inch.  Length  of  calice  1  inch.  Depth 
of  fossa  £  inch. 

Locality.  Trimmingham,  Upper  Chalk. 

In  the  collection  of  the  Rev.  T.  Wiltshire,  F.G.S.  &o. 

Trochosmilia  (Ccelosmilia)  Wiltshiri,  Duncan. 

The  corallum  is  tall,  finely  pedicellate,  and  is  not  compressed.  The  growth- 
rings  are  distinct.  The  cost©  are  very  distinct  and  unequal,  and  they  reach 
from  base  to  calice.  The  smaller  intermediate  costae  are  ornamented  with 
chevrons  and  horizontal  lines.  The  larger  costae  have  a  secondary  crest  upon 
their  free  surface.  The  septa  are  unequal,  slender,  and  not  crowded.  The 
calice  is  circular.  There  are  five  cycles  of  septa,  but  the  fifth  is  incomplete 
in  some  systems.  The  primary  septa  are  large,  slightly  exsert,  and  extend 
far  inwards.     The  calicular  margin  is  very  thin,  and  the  fossa  is  deep. 

Height  If  inch.     Diameter  of  calice  $  inch. 

Locality.  Norwich,  Upper  Chalk. 

In  the  collection  of  the  Rev.  T.  Wiltshire,  F.G.S.  &c. 
Trochosmilia  (Ccelosmilia)  Woodwardi,  Duncan. 

The  corallum  is  tall,  cornute,  slightly  pedicellate  and  narrow.  The  growth- 
markings  are  distinct.  The  costae  are  distinct  from  base  to  calice.  Two 
large  subcristiform  and  very  distinct  costae  bound  three  intermediate  small 
and  more  or  less  moniliform  costae.  Sets  of  these  costae  occur  around  che 
corallum.  The  septa  are  crowded,  wavy,  and  unequal ;  many  unite  late- 
rally, and  the  largest  reach  far  into  the  axial  space.  The  calice  is  circular, 
and  the  wall  is  very  thin. 

Height  2  inches.     Breadth  of  calice  f  inch. 

Locality.  Chalk  of  South  of  England. 

In  the  British  Museum,  Dixon  Collection. 

Trochosmilia  (Ccelosmilia)  granulata,  Duncan. 

The  corallum  is  tall  and  slightly  curved ;  it  has  a  long  pedicel  with  a  very 
distinct  base.  The  corallum  is  slightly  compressed,  and  bulges  here  and  there. 
The  costae  are  well  marked,  distant,  subequal,  and  intensely  granular.  The 
larger  costae  are  more  distinct  inferiorly  and  midway  than  close  to  the  cali- 
cular margin ;  they  are  cristiform  in  some  places,  notched  by  chevron-shaped 
ornamentation  in  others,  and  occasionally  sharply  pointed  or  absent.  The 
spaces  between  the  larger  costae  are  wide,  faintly  convex,  and  are  marked 
longitudinally  by  small  costae,  and  transversely  by  wavy  or  chevroned  orna- 
mentation. The  whole  external  surface  of  the  corallum  is  very  granular. 
The  calicular  wall  is  very  thin,  and  the  calice  is  elliptical.  There  are  three 
perfect  cycles  of  septa,  and  some  orders  of  the  fourth  cycle  in  some  of  the 
systems.  The  septa  are  wide  apart,  slightly  exsert,  unequal,  and  slender ; 
they  do  not  reach  far  inwards  at  once,  but  dip  downwards  with  a  gentle  curve. 
In  a  section  the  inner  margin  of  the  lower  septa  is  wavy.  The  endotheca  is 
scanty. 
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Height  l|  inch.     Length  of  calice  J  inch.     Breadth  £  inch. 
locality*  .Norwich,  and  Chalk  of  South  of  England. 
In  the  British  Museum,  Dixon  Collection. 

Trochosmilia  (Ccelosmilia)  cylindrica,  Duncan. 

The  corallum  is  tall,  cylindrical,  and  very  slightly  bent.  The  calicular 
opening  is  smaller  in  diameter  than  the  rest  of  the  corallum.  The  costae  are 
nearly  equal,  broad,  slightly  crowded,  and  are  separated  by  shallow,  narrow 
and  undulating  intercostal  grooves.  The  costae  are  profusely  ornamented 
with  transverse  ridges,  straight,  curved,  or  angular,  and  with  large  granules. 
The  calicular  edge  is  very  thin,  and  the  broad  convex  costae  are  continuous 
with  slender  unequal  septa.  The  primary  are  exsert,  and  the  laminae  of  the 
higher  orders  are  very  small.  There  is  no  columella,  the  larger  septa  uniting 
by  a  few  short  attachments  from  their  inner  margins.  The  endotheca  is 
scanty. 

Height  several  inches.     Breadth  of  the  calice  $  inch. 

Locality.  Norwich,  Upper  Chalk. 

In  the  collection  of  the  Rev.  T.  Wiltshire,  F.G.S.  &c. 

The  subgenus  Ccelosmilia  is  thus  represented  in  the  British  chalk  by  one 
species  formerly  known,  by  three  varieties  of  it,  and  by  five  new  species : — 

1.  Trochosmilia  (Ccelosmilia)  laxa,  Ed.  $  H.     4.  Trochosmilia  (Ccelosmilia)  Woodwardi, 
( \ f  Vare.  1,  2, 3,  Duncan.  Duncan. 

2.  — r-  ( )  cornucopia*,  Duncan,  5.  ( )  granulata,  Duncan. 

3.  ( )  Wiltshiri,  Duncan.  6.  ( )  cylindrica,  Duncan. 

These  Trochosmilice,  with  a  slight  amount  of  endotheca  (and  what  there  is 
of  it  is  generally  low  down),  are  very  characteristic  of  the  Upper  Chalk ;  and 
their  presence  suggests  that  the  Upper  Chalk  of  Norwich  and  Trimmingham 
is,  from  the  evidence  of  its  corals,  as  well  as  from  the  proofs  already  adduced 
from  its  Mollusca,  on  a  higher  horizon  than  the  Upper  Chalk  (usually  so 
called)  in  the  south-eastern  district.  The  coral  evidence  brings  the  Norfolk 
chalk  closer  in  relation  with  the  Faxoe,  Kugen,  and  Ciply  deposits  t. 

The  affinity  between  Trochosmilia  (C)  cornucopia  and  Coelosmilia  excavata, 
Hag.,  sp.,  a  doubtful  form,  but  well  drawn  by  Quenstedt,  is  evident.  It  is 
from  Kugen  and  Moen.  T.  Wiltshiri  and  the  species  Faujasi,  from  Ciply,  are 
also  closely  allied. 

The  deptb  of  the  space  between  the  calicular  margin  and  the  top  of  the 
upper  dissepiment  in  these  species  indicates  that  the  animal  had  great  mesen- 
teric, ovarian,  perigastric,  and  water  systems.  They  were  probably  very 
rapid  growers.  The  wall  is  merged  into  the  costal  system,  which  is  strength- 
ened by  a  most  unusual  cross-bar  and  cristiform  ornamentation ;  and  this 
development,  which  is  almost  epithecal,  is  complementary  to  the  defective 
endotheca. 

Family  ASTKjEID^. 

Division  Trochosmilia. 

Genus  Pabasmilia. 

MM.  Milne-Edwards  and  Jules  Haime  described  five  species  of  this  genus 
from  the  Upper  Chalk,  viz.: — 

1.  Parasmilia  centralis,  ManteU,  sp.  4.  Parasmilia  Fittoni,  Ed.  $  H. 

2. Mantelli,  Ed.  #  H.  5.  serpentina,  Ed.  #  H. 

3.  cylindrica,  Ed.  8f  If. 

t  With  regard  to  the  depth  at  which  Ocvlinida  and  simple  corals  can  live,  it  has  been 
discovered  by  Dr.  Carpenter  and  Prof.  Wyville  Thompson  that  they  exist  at  a  depth  of 
530  fathoms. 


Digitized  by 


Google 


ON  THE  BRITISH   FOSSIL  CORALS.  93 

P.  cyHndrica  and  serpentina  are  readily  distinguished  by  their  external 
shape ;  but,  owing  to  the  polymorphic  character  of  P.  centralis,  it  is  by  no 
means  easy  to  separate  it  from  P.  Mantelli  and  P.  Fittoni. 

Parasmifia  Mantelli,  Ed.  &  H.,  was  determined  from  one  specimen  alone, 
and  it  is  clearly  united  to  P.  centralis  by  P.  Oravesana,  Ed.  <fe  Haime,  of  the 
White  Chalk  of  Chalons-sur-Marne  and  Beauvais  (Oise).  This  species  I  have 
found  in  England ;  and  having  had  many  specimens  of  P.  centralis  with  costas 
like  those  of  P.  Mantelli  in  some  parts  of  the  corallum,  and  normal  costae  in 
others,  I  consider  P.  Mantelli  a  variety  of  P.  Oravesana-,  and  that  this  last 
species  is  a  variety  of  P.  centralis,  a  good  subspecies. 

Parasmilia  Fittoni,  Ed.  &  H.,  has  a  large  columella  and  a  definite  struc- 
tural distinction  in  its  tertiary  costae  from  P.  centralis. 

The  new  forms  I  have  noticed  with  the  older  are  shown  in  the  following 
list  :— 

1.  Parasmilia  centralis,  ManteU,  sp.  3.  Parasmilia  cylindrica,  Ed.  tf  U. 

,  yar.  Mantelli.  4.  serpentina,  Duncan. 

,  subspecies  Gravesana  ,£</.<$• /f.      5.  monilis,  Duncan. 

2.  Fittoni,  Ed.  %  H.  6.  granulata,  Duncan. 

Parasmilia  monilis,  Duncan. 

The  corallum  is  long,  much  curved,  and  distorted.  It  is  more  or  less 
cylindrical  above  and  contracted  here  and  there.  Inferiorly  it  is  pedunculate, 
the  peduncle  being  small,  curved,  and  long.  The  costae  are  nearly  equal  on 
the  peduncle;  there  they  are  rather  subcristiform,  a  secondary  crest  being 
on  the  costae  ;  and  in  the  intercostal  spaces  there  is  either  a  faint  ridge  or  a 
moniliform  series  of  granules.  The  calice  is  often  smaller  than  the  body,  and 
the  wall  is  very  thin.  The  septa  are  small ;  and  there  are  four  cycles,  the 
last  cycle  being  rudimentary.     The  columella  is  small. 

The  height  varies  from  £  inch  to  2  inches,  and  the  diameter  from  \  to  J 
inch. 

Locality.  Gravesend. 

In  the  collection  of  the  Rev.  T.  Wiltshire,  F.G.S. 

Parasmilia  granulata,  Duncan. 

The  corallum  is  tall,  nearly  straight,  finely  pedunculate,  and  cylindro- 
conical.  The  calice  is  very  large,  widely  open,  deep,  and  has  a  thin  margin. 
The  columella  is  well  developed.  The  septa  are  barely  exsert,  reach  but 
slightly  inwards,  but  pass  downwards  at  once.  They  are  very  unequal, 
alternately  large  and  small,  and  there  are  four  complete  cycles  and  part  of 
the  fifth.  The  cosfee  are  subequal  near  the  calice,  and  the  broadest  are  con- 
tinuous with  the  smallest  septa.  On  the  body  the  costae  are  subcristiform 
and  in  sets  of  four.     On  the  pedicel  they  are  very  granular  and  very  distinct. 

Height  14-  inch.     Breadth  of  calice  £  inch. 

In  the  British  Museum,  Dixon  Collection. 

This  species  was  included  by  Lonsdale  in  his  genus  Monocarya,  and  was 
termed  M.  centralis.  Parasmilia  has  the  priority  as  a  genus ;  and  the  species 
is  evidently  not  P.  centralis-.  The  position  of  the  genus  Parasmilia  is  some- 
what like  that  of  Ccelosmilia ;  but  MM.  Milne-Edwards  and  Jules  Haime 
have  created  the  genus  Cylicosmilia  for  Parasmilias  with  abundant  endotheca. 
Now  in  careful  sections  I  have  found  that  P.  centralis  and  its  varieties  have 
endo thecal  dissepiments  reaching  close  to  the  calicular  fossa.  The  genus 
must  therefore  absorb  Cylicosmilia ;  and  C.  AltavUensis,  Defrance,  sp.,  of  the 
Eocene  of  Hauteville  must  become  Parasmilia  Altavilensis,  Defrance,  sp. 
Beuss  has  described  an  Eocene  Parasmilia  from  Monte  Grumi  which  is  closely 
allied  to  the  centralis  series. 
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(Order  ZOANTHAR1A  APOROSA.) 

Family  OCULINID..E. 

Genus  Diblasus,  Lonsdale. 

This  genus  was  established  by  Lonsdale  in  Dixon's  '  Geol.  of  Sussex,' 

1850,  and  was  described  by  the  learned  zoophytologist  with  all  that  critical 

acumen  which  characterizes  him,  pp.  248  to  254,  pi.  18.  figs.  14  to  28. 

MM.  Milne-Edwards  and  Jules  Haime,  whilst  they  acknowledge  the  genus 
to  be  "  voisin  des  Synhelia"  (Hist.  Nat.  des  Corall.  vol.  ii.  p.  115),  do  not 
give  it  a  place  in  their  classification.  I  have  therefore  carefully  studied  and 
drawn  the  specimens  from  the  Dixon  Collection  in  the  British  Museum,  and 
have  great  pleasure  in  doing  justice  to  Mr.  Lonsdale,  by  inserting  his 
genus  with  slight  alterations  to  meet  the  present  terminology. 

Genus  Diblasus,  Lonsdale  (amended). 

The  corallum  is  incrusting,  very  irregular  in  shape  ;  the  calices  are  wide 
apart  and  projecting ;  the  intercalicular  tissue  is  costulate.  The  septa  are  un- 
equal. There  are  no  pali.  The  columella  is  formed  by  the  junction  of  the 
larger  septa,  and  does  not  exist  as  a  separate  structure.  Gemmation  marginal 
and  intercalieinal.  The  genus  is  evidently  not  closely  allied  to  SynJielia ;  for 
it  has  no  palular  or  true  columellary  structures.  It  approaches  the  genus 
Astrohelia,  which  is  a  transition  genus  bringing  the  Oculinidce  in  relation  with 
the  Astrceince  through  the  CUtdangice  (Milne-Edwards  and  Jules  Haime, 
<  Hist.  Nat.  des  Corall.'  voL  ii.  p.  111). 

Diblasus  OrevenstSy  Lonsdale. 

The  corallum  is  very  irregular  in  shape  and  size.  The  calices  project,  and 
are  irregular  in  their  projection  and  size.  The  cost®  are  granular,  equal, 
subequal,  and  unequal  in  different  parts  of  the  same  corallum.  The  septa 
are  in  three  cycles,  and  are  unequal  and  dentate ;  the  primary  reach  those 
opposite,  and  form  a  rudimentary  columella;  they  are  crowded,  and  aro 
granular  laterally.     Diameter  of  usual-sized  calices  £  inch. 

Locality.  Gravesend  Chalk. 

In  the  British  Museum,  Dixon  Collection. 

The  condition  in  which  the  specimens  of  this  species  is  found  is  very 
remarkable :  the  inside  of  nearly  every  calice  has  been  worn  away,  so  that 
the  mural  edges  of  the  septa  are  all  that  remains  of  them;  the  perfect 
calices  appear  to  have  shrunk  from  the  surrounding  coenenchyma ;  and  in 
many  places  the  costa?  have  been  worn  off. 

Lower  Chullc. 
There    are  several  specimens  of  corals   from   the  Lower  Chalk ;  but  I 
have  not  been  able  to  identify  them,  on  account  of  their  fragmentary  con- 
dition.    Onchotroehus  serpentinus  is  a  Lower-Chalk  form. 

Fossil  Corals  from  the  Upper  Greenland. 

The  following  authors  have  written  on  this  subject : — W.  H.  Smith, '  Strata 
identified  by  Organic  Fossils,'  1816.  Godwin- Austen,  Trans.  Geol.  Soc.  2nd 
Series,  vol.  vi.  p.  452.  Morris,  *  Cat.  of  British  Fossils,'  p.  46  (1843).  MM. 
Milne-Edwards  and  Jules  Haime,  op.  cit. 

The  scanty  Coral-fauna  of  this  deposit  was  described  by  MM.  Milne- 
Edwards  and  Jules  Haime ;  and  although  some  years  have  elapsed  since  the 
publication  of  the  first  part  of  the  '  British  Fossil  Corals '  (Pal.  Soc),  and  the 
beds  have  been  well  searched,  very  few  additions  can  be  made  to  the  list  of 
fossils. 
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The  following  is  a  list  of  the  published  species  (1850)* 

1.  Peplosmilia  Austeni,  Ed.  8f  H.  Z.  Parastraa  stricta,  Ed.  &  H. 

2.  Trochoemilia  tuberosa,  Ed.  $  H.  4.  Micrabacia  coronula,  (toldfuss,  sp. 

In  their  '  Hist.  Nat.  des  Corall.'  vol.  ii.,  MM.  Milne-Edwards  and  Jules 
Haime  make  some  alterations  in  the  synonyms  of  the  genera,  and  add  a 
species  to  the  list.  They  do  not  give  any  farther  information  respecting 
some  doubtful  species  noticed  by  Messrs.  Godwin- Austen  and  Prof.  Morris. 

Their  amended  list  is  as  follows. 

1.  Pejriosmilia  Austeni,  Ed.  #  H.  4.  Favia  striata,  Ed.  $  H. 

2.  Smilotroohus  tuberosus,  Ed.  $  H.  5.  Micrabacia  coronula,  Goldftm,  sp. 

3.  Austeni,  Ed.  Sf  H. 

Specimens  belonging  to  the  following  species  have  been  submitted  to  me. 

1.  Onchotrochus  Garteri,  Duncan.  4.  Cyathophora  monticularia,  U  Orbigny. 

2.  Smilotrochus  elongatus,  Duncan.  5.  Favia  minutissima,  Duncan. 

3.  — ■ —  angulatus,  Duncan.  6.  Thamnastrsa  superposita,  Michdin. 

TrochosmUia  tuberosa,  Ed.  &  H.,  was  found  to  be  without  endotheca,  and 
therefore  to  be  of  necessity  included  amongst  the  Turbinolidce.  The  genus 
Smilotrochus  was  determined  in  order  to  receive  the  species. 

Genus  Smilotrochus,  Ed.  &  H. 

The  corallum  is  simple,  straight,  cuneiform,  free,  and  without  trace  of  for- 
mer adhesion.  There  is  no  columella,  the  wall  is  naked  and  costulate.  There 
is  no  epitheca,  and  the  simple  cost®  are  distinct  from  the  base  to  the  calice. 

This  is  the  simplest  form  of  Aporose  Zoantharia;  and  its  structures 
are  confined  to  a  wall,  septa,  and  costal  Flabellum  has  an  epitheca  in 
addition,  and  Stylotrochus  of  De  Fromentel  is  a  Smilotrochus  with  a  styliform 
columella,  the  septa  uniting  also  by  their  thickened  internal  margins. 
Onchotrochus,  nobis,  has  a  pellicular  epitheca,  no  columella ;  but,  like  Stylo- 
trochus, the  septa  are  united  internally, 

1.  Smilotrochus  tuberosus,  Ed.  &  H. 
Trochosmilia  tuberosa,  Ed.  $  E. 
Turbinolia  compressa  ?  Morris. 

This  species  with  five  cycles  of  septa  was  described  in  the  '  Monog.  of  the 
Brit  Foss.  Corals,'  Upper  Greensand,  Milne-Edward  and  Jules  Haime  (Pal. 
Soc.). 

2.  Smilotrochus  Austeni,  Ed.  &  H. 

This  species  is  described  in  the  '  Hist.  UTaL  des  Corall.'  vol.  ii.  p.  71. 

The  corallum  is  regularly  cuneiform,  very  compressed  below,  and  slightly 
elongate.  The  calice  is  elliptical,  the  summit  of  the  larger  axis  rounded ; 
forty-eight  costae,  subequal,  straight,  fine,  and  granular. 

Height  of  the  eorallum  about  £  inch. 

Locality.  Farringdon. 

MM.  Milne-Edwards  and  Jules  Haime  do  not  mention  where  the  speci- 
men is. 

3.  Smilotrochus  elongatus,  Duncan. 

The  corallum  is  tall,  straight,  and  nearly  cylindrical.  The  columellary  space 
is  large.  The  septa  are  fine  and  unequal,  especially  in  length ;  there  are 
four  cycles  of  septa. 

Height  about  an  inch. 

Locality.  Upper  Greensand  of  Cambridgeshire. 

In  the  collection  of  James  Carter,  Esq. 
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4.  Smilotrochas  aiigulatus,  Duncan. 

The  corallum  is  conical,  hexagonal,  slightly  curved  at  its  very  fine  inferior 
extremity.  It  is  broad  superiorly,  and  has  six  prominent  angles,  and  is 
compressed  slightly.  The  septa  are  fine,  unequal,  and  each  plane  between 
the  angles  has  a  system  of  four  cycles.     The  columellary  space  is  large. 

Height  |  inch.     Breadth  £  inch. 

Locality.     Upper  Greensand  of  Cambridge. 

In  the  collection  of  James  Carter,  Esq. 

Genus  Onchotrochus. 

Numerous  specimens  of  a  species  of  this  genus  are  in  the  possession  of 
James  Carter,  Esq.  and  the  Rev.  T.  Wiltshire.  The  species  has  great  resem- 
blance to  the  lower  part  of  Onchotrochus  serpentinus,  nobis.  A  careful  ex- 
amination of  sections  and  calices  proves  that  there  is  no  columella,  that  the 
inner  ends  of  the  septa  produce  a  false  one,  and  that  the  styloid  appearance 
is  due  to  fossilization. 

Onchotrochus  Carteri,  Duncan. 

In  the  young  corallum  there  is  a  fiat  and  round  expansion  at  the  base,  by 
which  it  was  attached  to  foreign  substances ;  but  this  is  lost  as  growth  proceeds. 
The  corallum  is  either  straight  or  slightly  curved,  is  tall,  very  slender,  conico- 
cylindrical,  clavate,  and  enlarged  here  and  there.  Unworn  specimens  are 
more  or  less  angular  in  transverse  outline.  The  costaa  are  angular  projec- 
tions, extend  from  base  to  calice,  are  subequal,  wide  apart,  and  are  connected 
and  covered  with  a  fine  pellicular  epitheca,  which  readily  disappears.  Growth- 
markings  very  common.  The  calice  is  circular  and  shallow.  The  septa  are 
short  at  the  wall,  and  wedge-shaped ;  they  are  rounded  inferiorly ,  and  do  not 
extend  far  inwards.  There  are  twelve  septa,  and  they  are  subequal.  The 
septa  in  sections  often  appear  equal,  and  their  inner  ends  are  joined,  and  the 
axial  space  is  filled  up  by  a  deposit  of  coral-structure.  But  the  reverse  is 
the  case  occasionally,  and  the  irregularity  of  the  septa  may  be  well  seen. 
The  septa  are  continuous  with  the  cost®. 

Height  £-|  -1  inch.     Diameter  of  calice  -^  inch. 

Locality.  Cambridge  Greensand. 

In  the  collection  of  James  Carter,  Esq.  and  Rev.  T.  Wiltshire. 

The  discovery  of  better  specimens  may  perhaps  lead  M.  de  Fromentel  to 
consider  his  Sfylotrochus,  which  so  resembles  this  form,  to  be  of  the  same 
genus. 

Genus  CrATHOPHORA,  Michelin. 

This  genus  has  the  usual  characters  of  compound  Astraeinae ;  but  the  dis- 
sepiments act  as  tabulae,  and  shut  in  the  calice  below,  just  as  in  some  of  the 
Liassic  Tsastrcecr,.  There  is  no  columella*.  Curved  dissepiments  are  not 
noticed ;  and  the  family  of  the  genus  must  remain  unsettled,  for  the  minute 
structure  is  clearly  tabulate.  The  genus  flourished  in  the  Lower  and  Middle 
Oolites ;  and  the  only  Cretaceous  species  is  that  under  consideration,  and 
which  has  been  described  by  D'Orbigny  from  the  Craie  Tuffen,  Les  Martigues 
— Cyathophora  morUicularia,  D'Orb.,  sp. 

The  septa  are  rather  thick.  There  are  three  cycles,  but  the  third  is  often 
deficient  in  one  or  two  systems. 

Locality.  Haldon. 

In  the  collection  of  the  Geological  Society. 

*  See  remarks  on  Liassic  Isa$tr*m. 
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Genus  Favia. 

This  genus  has  absorbed  the  Parastraxe,  so  that  P.  stricta  has  become 
Favia  stricta. 

Favia  minutissima,  Duncan. 

The  corallum  is  incrusting,  gibbous,  and  small.  The  calices  are  very  small, 
close,  and  with  very  scanty  intercorallite  tissue.  There  are  twelve  septa, 
and  the  costa;  are  continuous. 

Diameter  of  the  calices  under  ^  inch. 

Locality.  Haldon. 

In  the  collection  of  the  Geological  Society. 

This  is  the  smallest  of  the  Favia:. 

Genus  Thakxastilsa. 

Thamnastrasa  superposita,  Michelin,  sp. 

MM.  Milne-Edwards  and  Jules  Haime  thus  notice  this  species  (Hist.  Nat. 
des  Corall.  vol.  ii.  p.  559)  : — 

"  M.  Michelin's  specimen  is  very  young.  It  is  encircled  by  a  strongly 
folded  epitheca,  which  is  formed  of  two  layers.  No  columella  is  distinguish- 
able. The  septa  are  tolerably  strong  and  unequal.  There  are  three  cycles, 
with  the  rudiments  of  a  fourth  in  one  or  two  systems." 

The  superposition  of  the  calices  is  remarkable  ;  and  I  cannot  but  place  a 
coral  found  in  the  Irish  Upper  Greensand  by  Ealph  Tate,  Esq.,  F.G.S.,  in 
this  species. 

Locality.  Ireland,  Upper  Greensand. 

In  the  collection  of  R.  Tate,  Esq.,  F.G.S,  &c. 

Fossil  Corah  from  the  Red  ChaUc  of  Hunstanton. 

The  Red  Chalk  of  Hunstanton  contains  several  forms  of  Madreporaria.  The 
small  fauna  has  this  peculiarity ;  its  species  belong  to  the  group  of  Fungidae 
without  exception.  Tho  specimens  are  small,  usually  much  worn  at  the 
calicular  end,  and  are  readily  distinguished  by  their  mammiliform  appearance 
and  white  colour. 

There  are  no  compound  Fungidae  in  the  Red  Chalk,  but  such  small,  simple 
forms  as  would  now  characterize  the  presence  of  physical  conditions  unfavour- 
able for  coral-life.  The  recent  simple  Fungida?  are  found  at  all  depths ;  vast 
numbers  of  them  are  to  be  collected  in  the  Gosau  Lower  Chalk  ;  a  few  existed 
in  the  Upper  Greensand  and  the  Neocomian,  and  are  found  in  the  existing 
coral-fauna;  none  are  found  in  the  West-Indian  seas,  whilst  the  Red  Sea, 
Pacific,  and  Indian  oceans  abound  with  them.  It  is  probable  that  peculiar 
conditions  are  necessary  for  their  development. 

List  of  species  in  the  Bed  Chalk  of  Hunstanton. 

1.  Micrabacia  coronula,  Goldfitss,  sp.               3.  Podoseris  mammilliformis,  Duncan. 
- ,  yep.  major.  4.  elongata,  Duncan. 

2.  Cyclolites  polymorpha,  Goldfuss,  sp. 

Family  FUNGIDAE. 

Subfamily  Fungue. 

Genus  Micrabacia. 

There  are  specimens  of  a  small  form  of  Micrabacia  coronula,  Goldfuss,  sp,, 

and  of  a  large  variety,  in  the  red  rock ;  the  species  is  well  known  in  the 

Upper  Greensand  of  England,  and  in  the  Chalk  of  Essex.    There  is  another 
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species,  which  is  hardly  distinguishable  from  M.  coronula,  in  the  Neocomian 
of  Caussols  (var.). 

The  variety  of  the  species  in  the  red  rock  rather  resembles  the  Neocomian 
species  in  its  diameter  and  flatness.  The  genus  had  a  very  short  vertical 
range,  and  was  represented  in  later  times  by  the  Stephanophyllice. 

Subfamily  Lophoserhms. 

Genus  Cyclolites. 

This  genus  almost  characterized  the  geological  horizon  of  the  Craie-Tuffcau 
of  Gosau,  the  lie  d'Aix,  les  Martigues,  Vaucluse,  Corbieres,  Uchaux,  tfcc.  A 
few  species  are  found  in  the  White  Chalk,  in  the  Eocene,  and  Miocene.  There 
are  some  doubtful  Neocomian  species ;  and  the  genus  is  extinct. 

Cyclolites  polymorpha,  Goldfuss,  sp. 

The  corallum  is  very  irregular  in  shape,  generally  snbelliptical,  and  not 
very  tall.  The  highest  point  of  the  calice  is  subcentral,  and  the  central 
fossula  is  very  variable  in  its  place.  The  septa  are  very  numerous,  thin,  close, 
flexuous,  crenulate,  and  larger  in  front. 

The  solitary  specimen  of  this  form  is  small,  but  the  fossula  and  septa  are 
tolerably  distinct. 

Genus  Podoseris,  Duncan. 

The  corallum  has  a  large  concave  base,  by  which  it  is  attached  to  foreign 
bodies.  The  epitheca  commences  at  the  basal  margin,  and  is  stout  and 
reaches  the  calicular  margin.  The  height  of  the  corallum  varies.  The  calico 
is  generally  smaller  than  the  base,  and  is  convex.  The  septa  are  numerous 
and  unequal,  the  largest  reaching  the  rudimentary  columella.  The  central 
fossula  is  circular  and  small.  The  cost©  are  seen  when  the  epitheca  is  worn ; 
they  are  distinct,  connected  by  synapticulae,  and  are  straight. 

The  genus  has  been  created  to  admit  Micrabacice  with  adherent  bases  and 
more  or  less  of  a  peduncle* 

Podoseris  mammilUformis,  Duncan. 

The  corallum  is  short,  straight,  and  broad.  The  base  is  concave,  and  is 
either  larger  than  the  calice,  or  there  is  a  constriction  immediately  above  it, 
and  it  is  slightly  smaller  than  the  calice.  The  calice  is  round,  convex, 
depressed  in  the  centre,  and  is  bounded  inferiorly  by  the  epitheca.  The 
laminae  are  stout,  unequal,  curved  superiorly,  and  often  join.  There  are  ^ve 
cycles  in  six  systems,  the  last  cycle  being  very  rudimentary.  The  synapti- 
culae  are  numerous.  The  cost©  are  straight  and  subequal,  and  are  smaller 
than  the  septa.  The  ornamentation  of  the  septal  and  costal  apparatus  varies ; 
and  there  may  be  an  almost  moniliform  series  of  enlargements  on  the  septa, 
or  they  may  be  plain.  The  columella  is  formed  principally  by  the  ends  of 
the  longest  septa.  The  height  of  the  corallum  appears  to  be  determined  by 
the  growth  of  the  body  between  the  base  and  the  calice. 

Height  of  the  corallum  |  inch.     Breadth  of  calicular  margin  £  inch. 

Height  £  inch.     Breadth  of  calicular  margin  |  inch. 

Height  ^  inch.     Breadth  of  calicular  margin  ^  inch. 

Monstrosities  are  often  found  amongst  specimens  of  this  species. 

Podoseris  elongate ,  Duncan. 

The  corallum  is  tall,  a  broad  circular  and  slightly  concave  base,  a  long 
conico-cylindrical  stem,  and  a  small  calice  much  narrower  than  the  base.  The 
epitheca  is  in  bands.  The  cost©  are  alternately  large  and  very  small,  some- 
what distant,  wavy,  and  united  by  synapticulae,  many  of  which  are  oblique. 
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The  septa  frequently  unite  by  their  axial  ends  to  each  other,  the  short  to  the 
long.  There  appear  to  be  five  cycles  of  septa.  The  base  of  the  corallum  has 
a  cellular  tissue,  probably  from  the  fossilization  of  some  body  to  which  it  was 
adherent. 

Height  £  inch.     Breadth  of  base  •£•  inch.     Breadth  of  calice  |  inch. 

The  shape  of  this  species  is  most  unusual. 

These  corals  are  all  in  the  collection  of  the  Bev.  T.  Wiltshire,  F.G.S. 

It  is  evident  that  the  coral  evidence  places  the  Bed  rock  in  the  Fppcr- 
Greensand  horizon. 

Corals  from  the  Lias. 

When  MM.  Milne-Edwards  and  Jules  Hairae  wrote  their  '  Monograph  of 
the  British  Fossil  Corals'  (Pal.  Soc.),;only  onegood  species  was  known  asLiassic. 
There  was  a  great  palaeontologies!  break  between  the  coral-faunae  of  the  In- 
ferior Oolite  and  of  the  Mountain-limestone.  The  distinction  between  the 
Palaeozoic  and  Jurassic  coral-faunae  was  so  great  that  any  student  of  the  Me- 
sozoic  Zoantharia  appeared  to  enter  another  Madreporarian  world  when  the 
Carboniferous  forms  were  presented  to  his  notice.  On  leaving  the  study  of  the 
Montlivaltiee,  Thecosmilice,  Isastrcece,  and  other  familiar  Secondary  genera,  and 
entering  upon  the  investigation  of  such  genera  as  Cyathophyllum,  Lithostro- 
tion,  Lonsdalia,  and  AmpUxus,  a  new  classificatory  philosophy  had  to  be  com- 
prehended, and  it  required  much  experience  in  the  habit  of  determining 
species  before  the  foreshadowing  of  the  Secondary  forms  could  be  appreciated 
in  the  Palaeozoic.  The  break  was  produced  by  the  very  uncoralliferous  na- 
ture of  the  Permian  strata,  the  absence  of  any  corals  from  the  Trias  in  this 
country,  and  the  solitary  species  from  the  Lias. 

Of  late  years  the  distinction  between  the  Palaeozoic  and  Oolitic  coral-faunae 
of  continental  Europe  has  been  lessened  by  the  careful  study  by  Laube  and 
Beuss  of  the  Triassic  coralliferous  limestones,  and  by  De  Fromentel,  Ferry, 
Terquem,  Piette,  and  Stoppani  of  the  corals  of  the  Avicida-contorta  zone,  and 
of  the  strata  sometimes  called  Infralias,  in  which  Ammonites  planorbis  and 
A.  angulatus  are  found.  The  Palaeozoic  genera  said  to  be  found  in  the  Mus- 
chelkalk  and  in  the  St.-Cassian  beds  were  proved  by  Laube  to  be  Secondary, 
and  the  small  coral-fauna  of  the  lias  below  the  zone  of  Ammonites  Bucklandi 
(bisulcatus)  was  determined  to  be  decidedly  Jurassic  in  its  affinities.  The 
break  was  thus  narrowed ;  but  it  was  nevertheless  very  great ;  for  the  absence 
of  any  satisfactory  assemblage  of  forms  in  the  Permian  formation  and  in  the 
Muschelkalk  rendered  the  aspect  of  the  Carboniferous  specific  group  very 
foreign  to  the  student  of  the  lowest  Mesozoic  corals. 

Some  recent  discoveries  of  Permian  corals  in  North  America  do  not  help  to 
diminish  this  break. 

The  practical  geologist  will  readily  appreciate  the  vast  physical  changes  which 
intervened  between  the  Mountain -limestone  and  the  Avicvla-contorta  beds  in 
this  country.  The  depth  of  the  Permian  magnesian  and  sandy  deposits  and 
of  the  Bunter  on  the  Continent  and  its  limestone  (Muschelkalk),  and  that  of 
the  Keuper  and  its  St.-Cassian  and  Kbssen  strata,  will  strike  all  who  know 
that  corals  are  the  rarest  of  specimens  in  this  pile  of  deposits ;  so  that  when 
the  admirable  condition  of  preservation  of  the  Carboniferous  corals  and  of 
those  from  the  Lower  lias  is  considered,  the  imperfection  of  the  record  ap- 
pears to  be  immense. 

The  earliest  evidences  of  the  existence  of  Secondary  corals  in  this  country  aro 
the  casts  of  simple  forms,  probably  of  Montlivaltice  from  the  Avicvla-contorta 
beds,  and  the  casts  and  corallites  of  MontlivalticB  and  the  Thecosmilice  from  the 
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true  White  Lias.  As  the  balance  of  the  Palseontological  evidence  is  in  favour 
of  these  beds  being  younger  than  the  Trias,  they  must  be  considered  the 
feebly  coralliferous  strata  of  the  Rhaetic  strata,  or  of  the  Infralias,  or  Lower 
Lias,  according  to  the  taste  of  the  student  of  dogmatic  systematic  geology. 
The  deposits  containing  Avicula  contorta  in  England,  Wales,  and  Ireland  are 
not  of  that  physical  and  mineralogical  character  which  attends  coralliferous 
sediments ;  and  the  assemblage  of  other  organisms  is  not  that  which  usually 
accompanies  coral  life. 

A  cast  of  a  Montlivaltia  was  discovered  in  the  Avicula-contorta  zone,  by 
Charles  Moore,  F.G.S. ;  and  it  is  therefore  an  interesting  fossil ;  for,  except  the 
few  Permian  specimens,  there  are  no  corals  known  in  Great  Britain  between 
this  cast  and  the  Madreporaria  of  the  Carboniferous. 

Throughout  Europe  the  strata  containing  Avicula  contorta  are  generally 
uncoralliferous ;  but  the  great  deposits  at  Azzarola  have  an  old  coral-bank* 
These  were  the  coral-reef  areas  of  the  period,  just  as  the  Gosau  and  Mar- 
tigues  were  the  coral-reef  areas  of  the  Lower  Chalk,  and  as  the  Dax  and 
Caribbean  strata  were  the  coral-reef  areas  of  the  Miocene. 

The  White  lias  of  Great  Britain  and  Ireland  is  a  local  deposit  which  is 
intercalated  between  the  beds  containing  Avicula  contorta  and  those  consti- 
tuting the  zone  of  Ammonites  planorbis  (or  its  equivalent  Ammonite,  such  as 
A.  Burgundice).  It  is  absent  on  the  continent,  the  Ammonites  planorbis  (or 
its  equivalent  deposit)  succeeding  the  beds  with  Avicula  contorta.  The  White 
lias  is  very  uncoralliferous  ;  and  I  have  never  seen  a  perfect  specimen  of  a 
Madreporarian  from  it.  The  White  Lias  of  Watchet  contains  imperfect 
Monitivaltice  and  stunted  conico- cylindrical  ThecosmiUag.  A  cast  of  a  The- 
cosmilian  from  Sparksneld  resembles  that  of  a  species  found  in  the  deposits 
above  the  White  lias  in  the  zone  of  Ammonites-planorbis  and  A.  angxdatus. 

A  large  Montlivaltia  from  the  White  Lias  near  Leamington  has  an  ellipti- 
cal calice ;  but  it  is  not  possible  to  give  it  a  specific  determination.  A  cast  of 
a  multiseptate  discoidal  Montlivaltia  is  found  at  Punt  Hill,  Warwickshire ;  it 
resembles  that  of  Montlivaltia  Haimei,  Chapuis  et  Dewalque.  Corals  of  this 
type  are  common  in  the  Ammonites-planorbis  beds  of  the  east  of  France  and 
Luxembourg,  but  they  do  not  appear  to  have  existed  in  England  until  the 
zone  of  Ammonites  angulatus.  This  species,  having  a  range  from  the  east  of 
France  to  the  west  of  England  and  Ireland,  is  very  variable  in  its  form  and 
in  some  structural  details. 

It  is  evident  from  an  examination  of  the  Mollusca  of  the  White  Lias,  that 
it  was  a  deposit  not  likely  to  have  corals  located  in  it.  The  stunted  Theco- 
smilia!  and  discoid  Montlivaltia!  have  no  congeners  now  existing ;  but  many 
genera  of  simple  corals  of  tubular  form  are  frequenters  of  the  sea-bottom 
from  100  fathoms  to  the  lowest  spring- tide  range. 

The  coral-fauna  of  this  deposit  is  unimportant,  and  even  that  of  the  next 
series  of  beds,  those  containing  Ammonites  planorbis,  is  small ;  but  when  the 
strata  in  which  Ammonites  angulutus  existed  was  examined,  a  large  and  very 
varied  assemblage  of  species,  indicating  old  coral-reefs,  as  well  as  deep-water 
conditions,  was  proved  to  exist.  In  South  Wales  a  reef  hung  on  to  the 
Mountain-limestone  coast ;  and  in  the  North  of  Ireland,  as  well  as  in  the 
Lincolnshire  area,  sublittoral  and  deep-water  forms  flourished.  Changes 
occurred  in  the  physical  geography  of  these  areas,  and  an  arenaceous  series 
of  deposits  containing  Gryphcea  incurva  and  Ammonites  Bucklandi  succeeded 
the  Welsh  deposits  just  mentioned,  and  the  deeper  sea-beds  of  the  east  and 
west.  The  alteration  in  the  sea-depth  due  to  the  lowering  of  these  areas 
produced  not  only  an  alteration  in  the  mineralogy  of  the  strata,  but  great 
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modifications  in  the  faunae,  especially  as  regards  the  corals.  The  arenaceous 
limestones  situated  upon  the  coralliferous  dolomitic  limestones  of  the  old 
Welsh  reef  contain  a  feeble  coral  assemblage,  and  present  no  evidence  of  the 
existence  of  coral  reefs.  A  great  number  of  Mollusca  are  found  in  the  depo- 
sits ;  some  existed  during  the  deposition  of  both,  and  others  were  limited  in 
their  range  to  one  or  the  other ;  but  the  bathymetrical  changes  gave  the  corals 
no  chance,  and  doubtless  the  reef  species  died  out,  their  ova  finding  no  rest- 
ing place  on  that  particular  area. 

The  zones  which  succeeded  Ammonites  BucMandi  appear  to  have  been 
unfavourable  to  certain  forms  of  corals,  especially  to  those  which  collect 
together  in  vast  tracts,  forming  varieties  of  reefs.  The  modern  representa- 
tives of  the  species  found  in  the  Liassic  strata  above  the  zone  of  Ammonites 
angtdatas  indicate  deep  water  (30  to  100  fathoms).  Where  the  reefs  of  the 
period  were  is  certainly  not  determinable. 

The  corals  of  the  Middle  and  Upper  Lias  are  very  rare. 

The  corals  contained  in  the  liassic  strata  of  Britain,  France,  Germany, 
and  Italy  have  a  very  decided  community  of  facies ;  at  the  same  time  it  is 
evident  that  some  portions  of  the  Liassic  coral-fauna  resemble  Triassic  types, 
and  that  another  portion  is  allied  to  the  Oolitic. 

This  was  to  have  been  expected ;  for  it  is  evident  that  the  stunted  Theeo- 
smilice  and  the  Astrocomice  of  the  zone  of  Ammonites  angulatus  are  the  de- 
scendants of  the  equally  stunted  Theco&mUice  and  Astrocomice  of  the  Triassic 
age.  Moreover  the  descendants  of  the  Isastrcece  and  of  the  larger  Montli- 
valticB  of  the  Lower  and  Middle  Lias  luxuriated  in  the  Oolitic  seas.  The  bulk, 
however,  of  the  Liassic  coral-fauna  is  characteristic  of  and  special  to  the 
formation,  and,  as  is  the  case  in  the  other  great  series  of  strata,  certain  as- 
semblages of  species  appear  to  characterize  certain  definite  horizons.  Yet 
not  unexceptionably ;  for  some  species  range  into  higher  zones  in  certain 
areas,  whilst  others,  which  are  confined  to  a  definite  horizon  in  one  area,  are 
found  below  and  above  the  equivalents  of  the  horizon  in  a  distant  locality. 
Thus  a  species  which  is  only  found  in  a  particular  bed,  and  is  associated  with 
a  particular  molluscan  fauna  in  one  locality,  may  be  found  associated  with  a 
molluscan  fauna  antecedent  or  subsequent  in  its  recognized  succession  in 
another  place. 

The  persistence  of  a  species  in  a  succession  of  deposits  and  its  consecutive 
association  with  different  groups  of  contemporaries  and  competitors  is  con- 
stantly observed  in  the  lias. 

The  groups  of  Madreporaria  have  a  general  relation  to  certain  zones  of 
life  and  to  certain  strata,  besides  very  definite  relations  to  others.  It  is  not 
probable  that  corals  and  Ammonites  had  any  close  biological  relations,  but 
only  those  of  a  general  nature ;  but  corals  were  certainly  en  rapport  with 
certain  molluscan  genera,  especially  with  lithodomous  groups ;  so  that  when 
corals  of  the  lias  are  said  to  belong  to  such  and  such  a  zone  of  Ammonites,  it 
is  to  serve  the  purpose  of  the  artificial  but  very  necessary  classificatory  system 
of  geology.  If  the  Madreporaria  are  associated  with  certain  Ammonite  zones, 
it  must  be  understood  that  it  is  only  an  approximative  classification,  and  that 
the  Ammonites  and  the  Madreporaria  may  range  higher  than  their  supposed 
restricted  zone,  or  not  even  be  represented  in  certain  portions  of  its  area. 

There  are  a  few  Triassic  species  in  the  Liassic  coral-fauna,  and  the  branch- 
ing corals  of  the  Sutton  stone  have  generally  a  Triassic  facies.  The  majority 
of  the  corals  of  the  Lower  Liassic  strata  are  peculiarized  by  the  imperfection 
of  the  septal  arrangement,  and  by  their  epithecate  wall.  It  may,  in  fact,  be 
asserted  that  the  so-called  "  rugose  "  characteristics  of  the  greater  part  of  the 
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Palaeozoic  coral-fauna  had  hardly  left  their  hold  upon  Madreporarian  life  at 
the  time  when  the  Lower  liassic  strata  were  deposited.  No  Palaeozoic  genus 
is  represented  in  the  Lias.  The  faeies  of  the  Lower  Liassic  Coral-fauna  is 
produced  by  the  multitude  of  branching  T7ieeowmHi<ef  stunted  MontUvaUiasy 
and  small-caliced  Astrocosniw. 

It  is  remarkable  that  neither  Tabulate  nor  Perforate  genera  have  been 
found  in  the  Lias.  The  Tabulata  must  have  been  in  existence  during  the 
Lias,  for  they  are  so  fully  represented  in  Palaeozoic  as  well  as  in  Cainozoic 
reefs. 

Corah  from  the  Zone  0/ Ammonites  planorbis. 

There  are  some  small  Thecosmilics  in  the  so-called  Guinea  beds  at  Binton 
and  Wilmcote,  which  are  doubtless  the  descendants  of  the  ThecosmiUas  of  the 
White  Lias.  One  species  passes  up  into  the  zone  of  Ammonites  arujvXatus 
(T.  Terquemi,  Dune). 

A  very  remarkable  species  of  Isastrcsa  is  found  in  No.  3  bed  of  the  Street 
section,  associated  with  Septastrasa  Haimei,  Wright. 

This  Isastraxi,  found  so  low  in  the  secondary  rocks,  is  especially  interesting, 
on  account  of  its  possessing  Latimaeandraean  characters,  as  well  as  true  oaJi- 
cular  gemmation  close  to  the  margin  of  the  non-Latimaeandraean  calices. 

Were  certain  portions  of  the  corallum  separated  from  others,  two  distinct 
genera  would  be  made  from  them,  according  to  the  established  rules  of  clas- 
sification. The  long  serial  calices  without  calicular  buds  are  clearly  Lati- 
mceandrcean,  and  they  grow  in  length  by  the  gradual  production  of  small 
septa  amongst  the  others  without  a  cyclical  arrangement.  In  the  non-serial 
calices  the  cyclical  arrangement  of  the  septa  is  not  by  any  means  perfect ; 
and  these  calices  differ  from  the  non-serial  calices  of  the  Latimasandram  of 
the  Inferior  Oolite  by  their  calicular  gemmation. 

Modern  research  into  the  relation  between  the  hard  and  soft  parts  of  recent 
corals  has  proved  that  the  tentacular  and  oral  structures  of  serial  calices  differ 
greatly  from  those  which  increase  by  a  more  or  less  cyclical  arrangement  of 
the  septa.  Moreover,  the  Isastraean  under  consideration  is  rather  an  abnor- 
mal form,  from  the  size  of  the  septal  dentations,  and  the  great  development  of 
the  endothecal  dissepiments.  These  last  close  in  the  bottom  of  the  calices, 
stretching  across  the  fossa  after  the  manner  of  tabulae. 

The  earliest  known  Isastrcece  are  from  the  Triassic  beds,  and  /.  Haueri, 
Laube,  from  St  Cassian,  is  certainly  like  the  species  now  under  examination — 
Latimaeandraean  in  some  respects.  These  species  are  synthetic,  and  point  out 
the  origin  of  the  Latimccandrcece,  which  in  later  times  became  prominent 
members  of  the  Jurassic  coral-faunas. 

It  must  be  remembered  that  St.-Cassian  species  of  Thecosmitia  and  other 

fenera  have  been  found  in  the  beds  higher  in  the  geological  scale  than  the 
To.  3  bed  (Street  section),  and  also  that  Isastroece,  perfect  in  their  generic 
attributes,  have  been  described  from  the  St.-Cassian  limestone.  I  have  named 
the  new  form  Isastrcea  latimceandroidea. 

Septastrcea  Haimei,  Wright,  sp.,  is  found  with  the  last  species.  It  has 
fissiparous  calices,  no  definite  cyclical  arrangement  of  its  septa,  and  a  strongly 
developed  endotheca.  Its  alliance  to  Septastrasa  excavata,  De  From.,  is  evi- 
dent ;  but  this  last  species  has  a  definite  hexameral  arrangement  of  its  cycles, 
as  well  as  frequent  fissiparity. 

Fissiparity  is  produced  by  two  large  septa  stretching  across  the  calicular 
fossa,  joining  and  then  developing  small  septa  from  their  sides.  The  large 
septa  form  the  walls  which  separate  the  newly  formed  calices. 
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This  is  the  earliest  species  of  the  genus  which  has  been  found  in  this 
country  ;  but  Septastrcea  FromenteU,  Terquem  et  Piette,  which  belongs  to  the 
zone  of  A.  planorbis  of  the  west,  has  been  found  in  the  zone  of  A.  angulatus 
in  the  east  of  England.  It  may  have  nourished  in  the  zone  of  A,  planorbis 
in  the  west,  and  evidently  existed  contemporaneously  with  Septastrcea  Haimei. 
These  are  the  earliest  forms  of  the  genus,  which  has  many  Isastraean  charac- 
ters, which  has  its  corallite  walls  rather  imperfectly  united,  and  which  is  re- 
produced by  ova  and  by  fissiparity.  It  is  evidently  related  to  a  genus  of  St.- 
Cassian  corals  which,  although  not  found  in  the  zone  of  Ammonites  planorbis 
in  this  country,  is  represented  by  two  species  (one  a  St.-Cassian  type)  in  the 
zone  of  Ammonites  angulatus,  in  Glamorganshire.  The  genus  is  Elysastrcea, 
Laube,  which  will  be  noticed  presently. 

Septastrcece  are  not  found  in  Great  Britain  later  than  the  lias ;  but  species 
occur  in  the  French  Oolites  and  in  the  Miocene.     The  genus  is  extinct. 

It  was  always  an  assemblage  of  variable  forms,  and  the  irregular  septal 
arrangement  of  the  species  was  the  rule.  This  will  be  observed  from  the 
study  of  the  following  Table. 
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There  are  thus  three  genera  of  corals  represented  in  the  British  zone  of 
Ammonites  pianorbis : — 

Thecosmilia  Terquemi,  Duncan.  Septastraa  Haimei,  Wright,  sp. 

Isastnea  latimseandroidea,  Duncan. 

And  by  inference  those  genera  were  in  existence  during  the  deposition  of  the 
sediments  of  the  zone  which  lived  in  St.-Cassian  times,  and  in  the  age  of  the 
zone  of  Ammonites  angulatus — such  genera,  for  instance,  as  Montlivaltia, 
JBlysastrcea,  Astrocosnia,  Rhabdophyllia. 

The  zone  of  Ammonites  planorbis  is  very  distinctly  developed  in  France  and 
in  Luxembourg,  and  it  succeeds  without  any  White  lias  intervening  upon 
the  beds  with  Avicula  contorta.  In  England  the  zone  is  but  feebly  developed, 
and  the  upper  part  of  the  White  Lias  cannot  be  separated  from  it.  The 
separation  of  the  zones  of  Ammonites  planorbis  (or  its  equivalent)  and  A.  an- 
gulatus is  satisfactorily  determined  on  the  continent,  but  it  is  not  to  be  arbi- 
trarily asserted  for  Great  Britain ;  and  in  both  cases  large  percentages  of 
species  are  common  to  the  upper  and  lower  zone. 

Triassic  fish  pass  upwards  into  the  zone  of  Ammonites  angulatus  in  the 
French  area,  and  Triassic  Madreporaria  are  found  in  the  corresponding  zone 
in  Glamorganshire.  Avicula  contorta  and  an  Astroccenian  are  common  to  the 
Azzarola  beds,  the  Avicula -contorta  zone  of  Great  Britain,  and  the  zone  of 
A.  angulatus.  The  French  zones  of  the  Lower  lias  contain  Azzarolan 
species.  It  must  be  conceded  that  the  White  Lias  was  deposited  during  the 
age  of  A.  planorbis  or  A.  Burgundies  of  the  French  area,  the  deposits  being 
contemporaneous  in  a  general  sense — that  the  Azzarola  deposit  of  Lombardy 
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was  developed  whilst  the  sediments  containing  Avicula  contorta,  the  fossils  of 
the  White  Lias,  and  those  of  part  of  the  zone  of  Ammonites  planorbis  were 
being  formed  in  the  north-west  of  Europe— that  the  fauna  of  the  A.  pla- 
norbis  zone  was  extended  westwards,  and  became  more  decidedly  associated 
with  that  of  the  zone  of  A.  angulatus — that  the  St.-Cassian  fauna  was  re- 
presented more  or  less  in  the  Azzarola  deposits — that  the  European  area 
was  not  subject  to  violent  disturbances  between  the  deposition  of  the  Azzarola 
beds  containing  Avicula  eontorta,  and  the  commencement  of  the  age  of  Ory- 
phma  incurva — that  simple  bathymetrical  changes  produced  first  local,  and 
subsequently  general  modifications  of  the  faun© — that  faunse  which  appear 
to  have  been  consecutive  were  really  synchronous,  and  that  the  lifetime  of 
the  St.-Cassian,  Azzarola,  Avicula-contorta,  and  Lower-Lias  faunas  was  em- 
braced in  a  less  extensive  period  than  has  usually  been  admitted.  It  is  of 
the  greatest  importance  to  the  palaeontologist  that  every  objection  to  the  arbi- 
trary classification  of  systematists  in  geology  should  be  fully  stated ;  and  it  is 
very  evident  that  the  physical  breaks  in  the  Upper  Trias,  Rhsetic,  and  Lower 
Liassic  strata  are  not  accompanied  by  such  decided  palaeontological  changes 
as  might  be  believed  to  have  taken  place. 

Corah  from  the  Zone  of  Ammonites  angulatus,  Schl. 

There  are  some  highly  fossiliferous  beds  in  South  Wales,  the  West  of  Eng- 
land, the  county  of  Lincoln,  and  in  the  North  of  Ireland  which  hare  the 
homotaxis  of  the  typical  strata  of  the  continental  zone  of  Ammonites  angu- 
latus, viz.  the  Calcaire  de  Yalogne,  the  Foie  de  Veau  in  the  Cote  d'Or,  and 
the  Gres  Calcareux  in  the  Duchy  of  Luxembourg.  The  strata  whence  the 
ablest  French  palaeontologists  of  the  present  day  derived  the  magnificent 
Lower-Liassic  (Infraliassic  of  some)  molluscan  fauna  are  the  evident  equi- 
valents biologically,  and  perhaps  chronologically  of  the  Sutton  stone,  the 
conglomeratic  deposits  at  Brocastle,  the  coralliferous  bed  at  Cowbridge  (all 
being  in  Glamorganshire,  and  known  so  thoroughly,  thanks  to  Charles  Moore), 
the  beds  above  the  White  lias  at  Marton  in  Lincolnshire,  and  some  deposits 
at  Waterloo,  Larne,  in  the  North  of  Ireland. 

The  British  and  continental  deposits  contain  large  numbers  of  molluscan 
species  in  common,  and  not  a  few  Madreporaria";  but  the  British  strata  were 
soon  proved  to  be  very  coralliferous,  especially  in  the  west. 

The  following  is  a  list  of  the  species  of  corals  from  the  continental  zone 
of  Ammonites  angulatus. 

1.  Montlivaltia  Sinemuriensis,  If  Orb.        11.  Thecosmilia  Michelini,  Terq.  et  Piette. 

2.  dentata,  De  From,  et  Ferry.  12.  coronata,  Terq.  et  Piette. 

3.  Martini,  De  From.  13.  Septastraea  Froraenteli,  Terq.  et  Piette. 

4.  Rhodana,  De  From,  et  Ferry.  14.  excavata,  De  From. 

5.  discoidea,  Terq.  et  Piette.  15.  Isastraa  Condeaua,  Chap,  et  Dew. 

6.  Haimei,  Chap,  et  Dew.  16.  Sinemuriensis,  De  From. 

7.  Guettardi,  CmP-  et  Dew.  17.  Stylastraea  Sinemuriensis,  De  From. 

8.  polymorphs,  Terq.  et  Piette.  18.  Martini,  De  From. 

9.  denticulate,  De  From,  et  Ferry.  19.  Astroooenia  Sinemuriensis,  U  Orb. 

10.  Thecosmilia  Martini,  De  From.  20.  clavellata,  Terq.  et  Piette. 

Probably  some  of  the  species  of  Montlivaltia  will  have  to  be  absorbed  by 
others ;  but  this  list,  when  added  to  the  Table  of  British  Corals  from  the  zone 
of  Ammonites  angulatus,  proves  that,  instead  of  the  Lias  being  an  uncoralli- 
ferous  series,  it  was  quite  the  contrary.  The  great  development  of  coral  life 
in  the  Azzarola  series,  the  scanty  remains  of  it  in  the  Western  and  North- 
western European  Avicula-contorta  zones,  and  in  the  White  Lias  and  in  the 
zone  of  Ammonites  planorbisf  and  the  luxuriance  of  the  species  in  the  zone  of 
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Ammonites  angulatus  in  the  westernmost  Lower  Lias  are  most  significant 
facts ;  and  the  significance  is  not  diminished  when  the  paucity  of  the  species 
of  the  zone  of  Ammonites  Bucklandi,  and  their  distinctness  from  those  of 
Ammonites  angulatus,  is  considered. 

List  of  British  Species  from  the  zone  of  Ammonites  angulatus. 

1.  Oppelisrailiagemmans,  Duncan.  Ire-     a.  26.  Rhabdophyllia    recondite,    Laube. 

land.  South  Wales. 

2.  Montlivaltia  Wallue,  Duncan.   South     6.27.  Astroooenia   Sinemuriensis, 

Wales.  DOrb.    South  Wales. 

3.  Murchisoniae,  Duncan.    Sooth  28.  gibbosa,  Duncan.  South  Wales. 

Wales.  29.  plana,  Duncan.    South  Wales. 

4.  Ruperti,  Duncan.    England.  30.  insignia,  Duncan.  South  Wales. 

5.  parasitica,    Duncan.      South  31.  reptans,  Duncan.  South  Wales. 

Wales.  32.  parasitica,  Duncan.    S.  Wales. 

6.  simplex,  Duncan.  South  Wales.  33.  pedunculata,    Duncan.     South 

7.  brevis,  Duncan.    South  Wales.  Wales. 

8.  pedunculata,  Duncan.     South  34.  costata,  Duncan.    South  Wales. 

Wales.  35.  favoidea,  Duncan.  South  Wales. 

b.    9.  polymorpha,  Terq.  et  Piette.  36.  superba,  Duncan.  South  Wales. 

b.  10.  Haimei,  Ch.  et  Dew.    England         37.  dendroidea,    Duncan.     South 

and  Ireland.  Wales. 

11.  Hibernica,  Duncan.    Ireland.  38.  minuta,  Duncan.    South  Wales. 

12.  papillata,  Duncan.    England.  39.  Cyathocoenia    dendroidea,     Duncan. 

c.  13.  Guettardi,  Blainville.  England.  South  Wales. 

14.  Theoosmilia   Suttonensis,    Duncan.  40.  mcrust&ns.Duncan.  South  Wales. 

South  Wales.  41.  costata,  Duncan.    South  Wales. 

15.  rmnbilia,  Duncan.  South  Wales,  a.  42.  Elysastrsa  Fischeri,  Laube.    South 

16.  serialiB,  Duncan.    South  Wales.  Wales. 

17.  irregularis,  Duncan.      South  43.  Moorei,  Duncan.  South  Wales. 

Wales.  b.  44.  Septastwea  eicavata,    K    de   From. 

18.  Terquemi,    Duncan.      South  South  Wales. 

Wales.  •  c.  46.  Fromenteli,    Terquem.     South 

19.  affinis,  Duncan.    South  Wales.  Wales. 

20. dentata.  Duncan.    South  Wales.  46.  Latimaeandra  denticulata,    Duncan. 

21. plana,  Duncan.    South  Wales.  South  Wales. 

22.  Brodiei,  Duncan.    South  Wales,  b.  47.  Isastraea  Sinemuriensis,  E.  de  From. 

b.  23.  Martini,  E.  de  From.    England.  South  Wales. 

b.  24.  Michelini,  Terq.  et  Piette.  Eng-         48.  globosa,  Duncan.   South  Wales. 

land.  49.  Murchisoni,  Wright.    Skye. 

a.  25.  Rhabdophyllia  rugosa,  Laube.    South         50. Tomesii,  Duncan.     Worcester- 
Wales,  shire. 

This  large  Coral-fauna  is  made  up  of — 

Series  1.  Species  ranging  from  the  St.-Cassian  beds 3 

„      2.  Species  ranging  from  continental  zones  of  Ammonites 

angulatus    7 

„     3.  Species  from  the  Azzarola  deposits    1 

„      4.  Species  from  the  continental  zone  of  Ammonites  pla- 

norbis 2 

„     5.  Species  peculiar  to  the  British  deposits 37 

Total 50 

The  first  series  comprehends — 

Thecosmilia  rugosa,  Laube, 
Rhabdophyllia  recondite,  Laube, 
Elysastraea  Fischeri,  Laube, 

species  which  are  common  to  the  white  dolomitic  limestone  of  Sutton  in 
Glamorganshire,  and  the  St.-Cassian  beds. 

These  widely  ranging  forms  link  the  distant  formations  together  in  the 
1868.  i 
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same  manner  as  the  fish  which  are  found  in  the  Triassic  strata  and  also  in 
the  French  zone  of  Ammonites  angulatus.  Not  only  are  these  species  of 
Madreporaria  not  rare,  hut  they  are  accompanied  in  the  Sutton  stone  hy 
closely  allied  species,  which  of  course  are  allied  to  the  St.-Cassian  types. 

Thecosmilia  Suttonensis,  Duncan,  and  T.  serialis,  Duncan,  are  in  structure 
and  in  their  methods  of  reproduction  similar  to  Thecosmilia  rugosa,  Laube,  a 
St.-Cassian  species.  Elysastrcea  Fischeri,  Laube,  is  accompanied  by  a  closely 
allied  species  in  the  Glamorganshire  beds ;  and  the  genus  is  remarkable  for  its 
obvious  connexion  with  the  early  secondary  Astraidce  with  more  or  less 
united  walls. 

Rhabdophyllia  is  a  genus  closely  allied  to  Thecosmiliay  and  as  ths  forms 
included  in  these  genera  commence  as  simple  corals,  and  become  compound 
or  serial  during  growth,  it  is  obviously  necessary  to  compare  them  in  their 
young  stage  with  the  genus  Monilivaltia.  Thus  MM.  Milne-Edwards  and 
Jules  Haime  say  that  Thecosmilia!  are  compound  Montlivaltice;  and  this  opinion 
is  rendered  important  when  it  is  remembered  that  some  Montlivaltice  have 
calycinal  gemmation,  and  thus  approach  the  Thecosmilian  type  still  more. 
Montlivaltia  is  a  genus  with  species  in  the  lowest  coralliferous  secondary 
rocks ;  so  that  there  is  a  fair  assumption  to  be  made  that  from  Montlivaltia  de- 
scended Thecosmilia  and  BhabdophyMia.  The  Tliecosmiliai  of  the  Sutton  stone 
are  principally  capitate  forms ;  that  is  to  say,  they  spring  from  a  peduncle 
and  divide  suddenly  (by  gemmation  or  by  fissiparity).  Amongst  the  non- 
capitate  forms  is  Thecosmilia  rugosa  ;  moreover  one  of  the  species  common  in 
the  French  zone  of  Ammmiites  angulatus  is  also  fissiparous  and  non-capitate, 
viz.  Michelini,  Terq.  et  Piette.  Thecosmilia  Suttonensis,  Duncan,  has  some 
resemblance  to  Thecosmilia  rugosa,  Laube,  in  its  calice,  but  not  in  its  fissi- 
parity, and  it  is  allied  to  Thecosmilia  serialis,  Duncan,  in  its  short  peduncle 
and  capitate  swelling.  The  origin  of  the  corallites  in  T.  Suttonensis  by  in- 
tercalycinal  gemmation  is  very  distinctive. 

Thecosmilia  serialis,  Duncan,  belongs  to  the  stunted  Thecosmilia!  so  cha- 
racteristic of  the  Triassic  and  Lower  Liassic  coralliferous  strata.  It  is 
readily  distinguished  by  the  number  of  corallites  springing  from  the  pedun- 
cle, and  by  its  long  serial  calices  mixed  with  rounded  ones. 

The  existence  of  corallites  produced,  in  one  individual,  by  lateral  gemma- 
tion, calicinal  gemmation,  and  fissiparity  is  as  remarkable  as  is  the  restriction 
of  other  individuals  of  different  species  to  one  of  these  forms  of  reproduc- 
tion. 

It  is  necessary  to  bear  in  mind  that  there  are  these  diverse  methods  of 
gemmation  and  increase  in  these  early  Thecosmilice,  because  the  genera 
which  are  structurally  allied,  and  doubtless  genetically  related,  possess  one 
or  more  of  these  methods. 

Moreover  it  is  remarkable  that  the  feeble  true  wall,  the  strong  epithecate 
wall,  the  strong  endotheca,  the  irregular  septal  arrangement,  and  the  absence 
of  true  coatee  should  have  existed  in  these  old  secondary  forms,  linking  them 
on  to  the  Palaeozoic  Coral-fauna  in  these  particulars,  whilst  in  Oolitic  times 
the  wall,  costae,  and  septa  became  developed  according  to  the  Mesozoic  type. 
The  gradation  of  structuro  between  the  species  of  the  genus  in  consecutive 
periods,  however,  is  very  palpable. 

Thecosmilia  Martini  and  MicheJini  belong  to  the  second  series* ;  they  are 
closely  allied  to  each  other  and  to  several  British  species ;  they  are  bush- 

*  The  species  of  the  1st  series  are  marked  a  in  the  list  of  the  British  species. 
„  ti    2nd    „  ,i        b        „  „        „ 

,»  *•    *»rd     M  ,»        c        ,,  ,,        „ 
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shaped,  and  have  a  great  range.     It  would  appear  that  the  following  Table 
gives  a  correct  idea  of  the  dispersion  of  the  early  Thejosmiliat. 

r  — »»  Azzarola,  species   ...  1 — •»  Species  of  the  Luxembourg  and 
St.-Cassian  types  . . «  A.  planorbis,  species  j  French  Zone  of  A.  angtdatus. 

I  A.  angulatus,  species    — *-  Oolitic  species. 

The  genus  Elysastrtta  has  its  corallites  separate  and  covered  with  an 
epitheca  below,  but  united  above  at  the  calicular  margin.  The  calicular  part 
is  clearly  Isastraean,  and  the  basal  is  Thecosmilian.  Now  bush-shaped  The- 
cosmilio?,  such  as  T.  Michelini  and  T.  Martini,  are  noticed  to  become  united  by 
their  walls  in  some  individuals,  and  the  walls  of  some  species  of  genera 
closely  allied  to  Isastrata  are  not  united  inferiorly. 

The  genus  is  clearly  a  transition,  not  only  between  Thecosmilia  and 
Isastrcea,  but  between  several  groups  of  genera.     For  instance, 

Thecosm  ilia — Elysastrcea — Isastraa — Latimceandrcea . 
Montlivaltia —  — Septastrata. 

— Prionastrctct. 

The  earliest  reliable  Isastr<*a>  are  from  St.  Cassian ;  and  several  species  are 
found  with  the  St.-Cassian  Elysastnean  ;  but  they  are  all  erratic  and  rather 
abnormal  forms.  Thus  Isastrcea  Haueri,  Laube,  and  /.  splendida,  Laube,  have 
a  very  irregular  calicular  development,  and  not  one  of  the  Liassic  species 
ever  attained  that  regularity  of  septal  arrangement  which  characterizes  the 
Oolitic  Isastraeans. 

In  the  Sutton  stone,  at  Brocastle,  in  Skye,  and  in  the  Worcestershire  beds 
of  Ammonites  angulatus,  there  are  the  following  Isastra>a. 

Isastrflea  Sinemuriensis,  De  From.                     Isastraea  Murchieoni,  Wrigh*,  gp. 
globo8a,  Duncan.  Tomesii,  Duncan. 


J.  Sinemuriensis 
I.  globosa, 

I.  Murchisoni, 

I.  Tomesii, 


has  deep  caliccs,  great  irregularity  of  septal  arrangement, 
78  septa,  sometimes  no  distinct  cyclical  arrangement. 

spherical,  calices  shallow,  sometimes  36  septa,  but  no  cy- 
clical arrangement. 
'  large,  convex,  flat,  caliccs  shallow ;  wall  grows  after  the 
development  of  the   contiguous   calices;   40  or  more 
septa  ;  no  cyclical  arrangement. 

large,  massive ;  wall  thin ;  septa  thin,  with  dissepiments 
between  them  visible ;  not  4  cycles. 


The  first  of  these  species  has  a  great  range,  and  connects  the  St.-Cassian 
and  Oolitic  species  with  a  high  septal  number. 
The  second  belongs  to  a  series  comprising 

I.  Eichardsoni,  Ed,  $  II.,  Inf.  Oolite. 
I.  di88imilis,  Mich.,  sp.  „ 

The  third  has  evident  affinities,  from  the  structure  of  the  wall,  with  Ely- 
sastrcea  and  Lepidophyllia,  and  it  is  an  unusual  form. 

The  fourth  resembles  more  or  less  /.  Bernardiana,  Ch.  and  Dew.  Inf. 
Oolite. 

It  will  be  observed  that  these  species  have  only  a  remote,  but  of  course 
generic,  affinity  with  the  Isastra&ce  of  the  succeeding  arenaceous  deposits  of 
the  zone  of  Ammonites  Buchlandi,  but  that  their  affinities  with  the  species 
of  the  St.-Cassian  and  Inferior-Oolite  coral-faunse  are  decided. 

They  have  only  a  generic  relation  to  Isastrcea  latimceandroidea,  Duncan,  of 
the  zone  of  Ammonites  planorbis,   as  no  serial  calices  are  found  in  them. 
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There  is  a  species  of  Latimomndrcea  in  the  British  zone  of  Ammonites  angulaius, 
L.  denticulata,  Duncan ;  its  calices  are  very  like  the  serial  calicos  of  Isastraa 
latim&androidea. 

I  have  already  noticed  that  probably  Astroccenia  gibbosa,  nobis,  is  really 
a  form  from  Azzarola,  for  the  casts  of  both  are  very  alike.  Now  there  is  an 
Astrocoenian  in  the  St.-Cassian,  A.  Oppeli,  Laube ;  it  is  unfortunately  hardly 
specifically  differentiated,  but  it  is  evidently  closely  allied  to  the  Astroccenia 
of  the  Sutton  stone,  as  well  as  to  A.  Sinemuriensis,  D'Orb.,  sp.,  from  the 
French  zone  of  Ammonites  angvlatus.  This  last  species  is  also  hardly  suffi- 
ciently differentiated;  but  I  have  placed  it  amongst  the  British  species 
provisionally. 

There  are  eleven  species  of  Astroccenia  special  to  the  Welsh  Lias,  and  the 
species  just  noticed.  The  genus  was  evidently  flourishing  in  the  St.-Cassian 
and  Azzarolan  times,  and  was  singularly  abundant  in  species  amongst  the 
Lower  Liassic  reefs  at  Sutton  and  Brocastle,  to  which  the  Mountain  Limestone 
formed  the  support. 

The  Liassic  Astroccenia!  occur  as  large  and  massive,  small  and  dendroid,  or 
as  irregular  and,  sometimes,  as  incrusting  forms.  All  the  species  are  very 
irregular  in  their  septal  arrangements,  and  none  of  them  present  definite  and 
clear  cycles  of  septa. 

Some  of  the  species  have  the  coenenchyma  between  the  calices  irregularly 
ridged,  so  as  to  present  the  first  traces  of  that  coenenchymal  development 
which  characterizes  the  genus  Stylocomia.  The  columella  is  very  distinct  in 
all  the  species,  and  the  junction  of  the  largest  septa  to  it  is  marked  in  some 
forms  by  a  paliform  swelling ;  but  there  are  no  pall.  The  dentate  condition  of 
the  septal  edge  is  very  marked.  The  size  of  the  corallum,  its  shape  and  habit, 
the  size  of  the  calices,  the  character  of  the  costae,  and  the  density,  thickness, 
and  ornamentation  of  the  free  portion  of  it  appear  to  differ  in  various  forms, 
and  separate  eleven  new  species  from  those  already  described. 

The  following  is  a  scheme  of  the  Astroccenice  from  the  zone  of  Ammonites 
angulatus,  at  Sutton  and  Brocastle. 


Corallum.. 


/large 


.small 


Astroccenia. 

|*  gibbous  and  tall Astroccenia  gibbosa,  Duncan. 

...  1  flat  and  ghort { P^^™- 

,  [ insignia,  Duncan. 

I  short  and  irregular  outline  septan*,  Duncan. 

/incrusting    parasitica,  Duncan. 

pedunculate,  with  epitheca ..  pedunculata,  Duncan. 

J  dendroid dendroidea,  Duncan. 

...  <  flat  and  narrow  superba.  Duncan. 

globose favoidea,  Duncan. 

irregular oostata,  Duncan. 

k  flat  and  semiincrusting minuta,  Duncan. 


Corallum  baring  the  coenenchyma 


scanty  . 


abundant. 


{Astroccenia  favoidea. 
minuta. 

f parasitica. 

dendroidea. 

superba. 

pedunculata. 


k  moderately  developed    < 


insignia, 
septans. 
oostata. 
gibbosa. 
plana. 
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C  and  straight ...    A  stroccenia  insignia. 

fonumented...       -    °£f  '"     Z^" 

^    „   wavy oostata. 

gibbosa. 

—  gibbosa. 

—  plana, 
ridged •{ minuta. 

—  reptans. 

—  dendroidea. 

Pkin     i— ^cuTata. 

rudimentary    favoidea. 

Astroccenia  clavellata,  Terq.  et  Piette,  is  found  in  the  Luxembourg  Lower 
Lias,  but  the  zones  above  that  of  Ammonites  angulatus  in  the  Lias  do  not 
present,  as  yet,  any  species.  The  species  is  represented  in  the  Oolites,  and 
became  extinct  in  the  Falunian. 

Cyathoccenia  is  a  new  genus,  which  I  have  suggested  and  published  in 
order  to  admit  forms  which,  had  they  been  furnished  with  a  columella,  would 
have  been  classified  as  Astroccenicp.  There  is  a  species  in  the  zone  of  Ammo- 
nites Bucklandi.  Some  of  the  species  are  mimetic  of  the  Astroccenia.  The 
following  is  a  scheme  of  the  genus. 

Cyathoccenia. 

/branching,  having  coste    C.  dendroidea. 

Cyathoccenia  with  J  incrusting,  no  coster,  eoenenchyma  granular    C.  incrustans. 

the  corallum....  J  flat  large  costae,  and  a  deep  calice     C.  costata. 

V  globular,  no  costae,  eoenenchyma  plain C.  globosa. 

The  gradation  of  structure  in  the  genera  just  passed  under  our  notice 
becomes  more  and  more  evident  as  such  forms  as  those  included  under  the 
genus  Cyathoccenia  are  studied.  In  the  early  stage  Thecosmilia  cannot  be 
distinguished  from  Montlivaltia ;  but  gemmation  from  the  calice,  from  the 
calicular  wall,  or  from  the  wall  ensued,  or  fissiparous  division  occurred,  as 
the  corals  grew.  There  was  an  evident  tendency  in  Montlivaltia  Wattias, 
Duncan,  for  instance,  to  reproduce  by  calicular  gemmation ;  but  in  Oppeli- 
smilia  distinct  calicular  budding  occurred.  Under  these  circumstances  the 
genetic  relations  of  the  three  genera  Thecosmilia,  Montlivaltia,  and  Oppeli- 
smilia  are  of  the  closest. 

Now  in  bush-shaped  Thecosmilia  union  often  occurs  between  a  bud  from 
the  wall  and  the  parent  stem.  A  section  transverse  to  the  line  of  growth 
shows,  (1)  low  down,  two  corallites  with  their  septa,  walls,  and  epitheca  per- 
fect ;  but  higher  up  the  epitheca  is  not  seen  in  a  section,  and  the  walls  may 
be  (2)  slightly  separate,  or  (3)  quite  fused,  and  they  then  appear  as  one 
lamella  between  the  corallites. 

(1)  is  what  is  observed  in  fflysastrcea ;  (2)  is  the  Septastraean  peculiarity  ; 
(3)  peculiarizes  Isastrcea. 

The  origin  of  Latimomndrosa  from  Isastrcm  has  already  been  noticed.  In 
Elysastrom  the  epitheca  and  one  wall  become  absorbed  at  the  calicular 
margin.  In  Cyathocosnia  the  epitheca  between  the  walls  becomes  coenen- 
chymal,  and  variously  ornamented ;  whilst  in  Astroccenia  the  same  thing  occurs 
besides  the  growth  of  a  columella. 

The  following  grouping  of  the  genera  is  made  with  a  view  to  assert  that 
they  had  genetic  relations  with  Montlivaltia,  and  that  some  Cainozoic  types 
revert  to  more  ancient. 
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Mentha   {?S;a- 

'gemmation  from  the  wall Elysastrtca  Cyatbocoenia. 

Phymastrsca  (a) ..    Astroooenia. 
Solenastnra  u>)  ...  Thamnastra*. 

Heliastraa  (c) Isastnea. 

Prionastroa. 

Astram. 

Metastrssa. 

calicular  gemmation  Lepidophyll  ia. 

serial  calices    Latimffiandraea. 

,  fissiparous  development Septastraa. 

a.  An  evident  reversion  to  Elysastraa  in  a  recent  genus. 

b.  Solcnastraa  is  a  case  of  reversion  to  an  ancestral  ThecosmUio-ElyMsiraa  type  in  the 
later  Neozoic  ages. 

c.  Has  great  probability  of  being  a  case  of  atavism  with  much  modification  of  Theco- 
smilia  and  Solenastraa. 

The  Montlivaltia!  of  the  zone  of  Ammonites  angutatus  are  remarkable  for 
their  septal  regularity,  the  amount  of  dissepimental  endotheca,  the  usually 
rudimentary  condition  of  the  true  wall,  and  the  development  of  the  strong  and 
compensating  endotheca.  These  characteristics  are  observed  in  the  St.-Cassian 
MontUvalticet  and  in  those  which  are  found  in  the  strata  intervening  between 
the  Ammonitts-angulattis  and  the  St.-Cassian  beds.  These  structural  pecu- 
liarities, in  a  genus  whose  later  Jurassic  species  have  a  perfect  hcxameral 
arrangement,  a  perfect  wall,  and  moderate  endotheca  and  epitheca,  indicate 
the  descent  of  the  Montlivaltia!  from  a  Palaeozoic  stock.  In  Montlivaltia 
Murchisoni,  Duncan,  the  wall  and  epitheca  are  united  perfectly  into  one 
structure  with  the  intercostal  spaces,  just  as  the  septa  of  some  simple  Palaeozoic 
corals  are  continuous,  not  with  costas,  but  with  the  intercostal  spaces  or 
their  analogues. 

M.  parasitica  is  remarkable  for  its  septal  number ;  and  M.  simplex  has 
distant  and  curved  septa. 

M.  papillata9  Duncan,  M.  Hibernia>y  Duncan,  and  M.  Haimei,  Chap,  et 
Dew.,  are  closely  allied  species ;  they  are  broad-based,  pedunculate,  short, 
and  turbinate,  and  vary  greatly.  The  last-named  species  ranges  probably 
over  the  whole  area  of  the  zone  of  Ammonites  angulatw. 

Closely  allied  to  Montlivaltia  and  Thecosmilia  is  the  new  genus  Oppeli- 
smilia.  Its  Palaeozoic  aspect  is  distinct,  the  multiseptal  and  non-cyclical 
calice,  the  calicular  budding,  and  the  strong  epitheca  all  refer  it  to  bygone 
types. 

These  corals,  from  the  Lias  beneath  the  zone  where  Grypha>a  incurva  and 
Ammonites  Bucklandi  are  abundant,  indicate  that,  like  the  succeeding  forma- 
tions of  the  Chalk  and  the  Oolite,  the  lias  was  very  coralliferous.  Nothing 
marks  the  progress  of  palaeontology  more  strongly  than  the  ability  of  making 
this  statement  from  well-ascertained  data ;  for  within  a  very  few  years  the 
lias  was  considered  so  muddy  a  deposit  as  to  be  obnoxious  to  coral  life. 

Now,  with  a  great  fauna,  part  of  it  indicating  reef  conditions  and  the  rest 
moderately  deep  water,  the  Lower  Lias  will  assume  as  great  an  importance 
to  the  zoophytologist  as  the  Eocene.  The  Liassic  coral-fauna  reflects  the 
Palaeozoic  as  the  Eocene  foreshadows  the  Recent  coral-fauna.  Unfortunately 
the  paucity  of  our  information  respecting  the  earliest  Secondary  coral-fauna, 
that  of  the  Lower  Trias,  is  so  great  that  the  Liassic  species  are  still  greatly 
removed  from  the  original  types. 

Corals  from  the  Zone  of  Ammonites  Bucklandi  (bisulcatus). 
Corals  are  not  numerous  as  regards  their  species  in  this  zone,  and  the  corn- 
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monest  species  of  the  zone  of  Ammonite*  angulatu*  have  not  been  found  in 
any  of  its  strata. 

It  is  probable  that  Theeosmilia  Martini,  E.  do  From.,  which  in  France 
ranges  from  the  beds  containing  Ammonite*  More<tnus  into  those  in  which 
Ammonites  bistdcatus  is  found,  has  a  corresponding  vertical  range  in  England. 
Thecosmilia  Jlichelini,  Tcrq.  et  Piette,  appears  to  be  present  in  the  zone  of 
Ammonite*  bistdcatus;  but  as  yet  only  casts  of  its  specimens,  which  resemble 
those  of  the  species  from  Ablwt's  Wood  in  the  zone  of  Ammonites  angulatu*, 
have  been  found.  These  casts,  and  some  of  TheaxmUia  Martini,  have  been 
assigned  to  the  genus  Cladophyllia,  but  without  sufficient  reason.  Theeosmilia 
is  a  large  genus,  and  of  course  the  species  present  individuals  of  all  sizes ;  so 
that  to  give  to  small  cylindroid  Tkcosmilit*  the  generic  appellation  of 
CladophyUia  is  unreasonable.  In  fact  this  last  genus  is  but  a  subgenus  of 
Thecomnilia  at  the  best. 

List  of  Specie*  from  this  Zone. 

1.  Montlivaltia  Guettardi,  Wainvitte.  b.  InaMnra  inxi^nia,  Duncan. 

2.  Septastnra  Eveahami,  Duncan.  6.  —      StrirkUndi,  Duncan. 

3.  Lppidophrllia  Strieklandi,  Duncan.  7.  Cyathoctema  globiwa,  Ihtncan. 

4.  Isastraea  endothecata,  Duncan. 

Septastrcea  Eveshimi  has  very  irregular  calices ;  and  when  tho  wall  has 
been  worn  away  between  them,  a  groove  is  seen  indicating  that  separation  of 
the  corallites  which  I  have  already  noticed  to  obtain  in  the  Elysastnro?.  The 
species  is  rather  abnormal ;  for  although  fissiparity  is  common,  still  there  is 
a  disposition  to  serial  increase. 

Tho  genus  Isastnra  has  three  well-marked  species  in  this  zone,  and  they 
are  very  distinct  from  those  of  the  zonoof  Ammonites angulatus.  In  I*a*tra>a 
endothecata  the  depth  of  tho  calices,  the  extraordinary  development  of  the 
endotheca,  and  the  great  number  and  the  irregularity  of  the  septa  are  differ- 
ential. Isastrcm  Strieklandi  also  has  a  great  development  of  endotheca ;  for 
large  plates  of  it  cross  the  corallites,  and  shut  in  the  calicular  fossa?  below, 
acting  perfectly  like  tabulae,  just  as  in  Cyathaphora.  The  septa  are  few  in 
number ;  and  no  cyclical  arrangement  is  to  be  noticed. 

Isastroea  insignis  belongs  to  a  section  of  the  genus  which  comprises  /. 
Henocquei,  Ed.  &  H.,  from  the  Hettangian,  /.  polygomlis,  Muschelkaik,  and 
/.  Lonsdalti,  Ed.  *fe  II.,  from  the  Inferior  Oolite. 

A  new  genus,  Lepidophyltia,  has  a  species  in  this  zone,  and  a  very  fine  one 
in  the  zone  of  Ammonite*  Jamesoni:  it  is  an  interesting  form,  and  presents 
some  Rugose  characteristics,  such  as  a  repeated  calicular  gemmation  and  an 
epithecate  wall. 

The  only  Montlivaltia  I  have  seen  from  the  zone  of  Ammonite*  Bucklandi 
has  a  lower  horizon  on  the  continent.  Having  thus  a  very  considerable 
vertical  and  geographical  range,  the  species  is,  of  course,  very  variable,  and 
many  local  varieties  have  been  found,  which  are  separated  with  difficulty  from 
Montlivaltia  Haimei.  These  flat  multiseptate  Montlivaltia;  are  very  charac- 
teristic of  the  Lower  Lias.  They  have  a  representative  in  the  zone  of  Ammo- 
nites obtusus,  in  the  form  of  M.  patula,  Duncan,  whose  dentate  septa  are 
wonderful.  Such  septa  began  then  to  be  the  fashion  ;  for  in  the  next  zone 
the  Montlivaltia!  are  famous  for  their  grandly  ornamented  dentations. 

Corals  from  the  Zone  of  Ammonites  raricostatus. 
The  Montlwaltim  from  Fenny  Compton,  Honeybourne,  and  Cheltenham 
belong  to  several  species,  and  two  of  these   are  singularly  polymorphic. 
Shape  has  not  much  to  do  with  the  specific  diagnosis  of  some  recent  simple 
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corals ;  and  it  is  necessary  to  assert  this  in  collecting  under  one  fossil  species 
corals  of  very  different  external  forms.  The  Montlivaltia  from  the  zone  of 
Ammonites  raricostatus  are  common,  and  their  mineral  condition  has  been 
preservative  of  the  minutest  details  :  even  the  granulations  on  the  minute 
septal  dentations  are  preserved. 

Dr.  Wright  collected  and  described  a  very  remarkable  series  of  corals  from 
the  Hippopodium  and  coral-beds  of  Marie  Hill,  Cheltenham,  Honeybourne, 
and  Fenny  Compton,  naming  them  Thecocyathus  rugosus.  The  assemblage 
of  forms  thus  named  contains  very  varied  specimens,  the  external  shape 
especially  being  rarely  alike  in  two  or  three  instances.  A  careful  examination 
of  sections  of  most  of  the  forms  enabled  me  to  place  them  all  in  the  genus 
Montlivaltia.  The  absence  of  pali  and  the  presence  of  short  endothecal 
dissepiments  proved  that  they  could  not  belong  to  the  genus  Thecocyathus. 
But  the  general  Montlivaltian  characteristics  have  also  the  palaeozoic  peculi- 
arities already  noticed  in  considering  the  Montlivaltice  of  the  zone  of  Ammo- 
nites  angulatus,  Montlivaltia  rugosa,  Wright,  sp.,  will  therefore  take  the 
place  of  Thecocyaihus  rugosus,  Wright,  MS. 

Montlivaltia  mucronata,  Duncan,  is  a  polymorphic  species,  remarkable  for 
its  elegance  and  ornamentation ;  some  of  its  specimens  are  amongst  the  most 
beautiful  of  the  Madreporaria.  The  study  of  a  large  collection  enabled 
me  to  place  some  very  different-looking  forms  in  the  same  species,  the  inter- 
mediate varieties  having  been  in  my  possession. 

There  is  a  decided  affinity  between  these  Montlivaltia!  and  M.  Stuchburyi, 
Ed.  &  H.,  of  the  Inferior  Oolite.  Moreover  the  M.  nummiformis,  Duncan, 
of  this  zone  is  related,  if  structural  affinity  be  of  value,  to  M.  lens,  E.  &  H., 
Inf.  Oolite.  Montlivaltia  radiata,  Duncan,  is  a  very  abnormal  species,  and 
retains  the  quadrate  septal  arrangement,  which  is  fully  represented  in  many 
Liassic  species,  but  which  is  so  characteristic  of  many  Palaeozoic  forms.  It 
must  be  remembered  that  such  strange  structural  peculiarities  in  later  forms 
may  arise  from  atavism. 

List  of  Corals  from  the  Zones  of  the  Lower  Lias  above  the  Zone  of 

Ammonites  Bucklandi. 
Montlivaltia  patula,  Duncan.  Montlivaltia  nummiformis,  Duncan. 

rugOBa,  Wright,  sp.  radiata,  Duncan. 

mucronata,  Duncan. 

There  are  then  twelve  species  in  the  Lower  lias  above  the  zone  of  Ammo- 
nites angulatus,  five  of  which  are  above  the  zone  of  Ammonites  Bucklandi. 
It  needs  no  care  to  decide  that  the  fauna  of  the  zone  of  Ammonites  angu- 
latus has  little  affinity  with  that  of  the  other  zones. 

Corals  from  the  Middle  Lias. 

1.  Lepidophyllia  Hebridensis,  Duncan. 

2.  Montlivaltia  Victoria*,  Duncan. 

The  first  species  is  from  the  island  of  Pabba,  and  was  collected  by  Dr. 
Wright ;  it  forms  a  bed  there,  and  was  doubtless  a  rapid  grower. 

The  genus  has  already  been  slightly  noticed ;  its  calicular  gemmation  and 
the  growth  of  epitheca  on  the  free  wall  of  the  coral  lites,  where  they  grow 
higher  than  their  neighbours,  refer  to  an  Elysastraean,  Thecosmilian,  and 
Septastraan  series. 

A  great  number  of  specimens  of  all  sizes  of  a  very  polymorphic  Montlivaltia 
have  been  found  on  the  surface  of  the  fields  at  Chemington,  near  Skipton,  and 
in  a  watercourse  or  ditch  section  of  the  Middle  Lias  close  by.     Ammonites 
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Henleyi,  A.  Chiltmsis,  Cardinia  attenuate,  and  0,  ehngata  were  found  with 
the  corals, 

MontUvaltia  Victorias,  Duncan.  This  coral  grows  to  a  height  of  five  inches, 
and  may  be  two  inches  broad ;  it  is  the  largest  simple  secondary  form,  and 
has  the  epithecal  wall  so  peculiar  to  the  Liassio  MontHvaltiw.  Its  septal 
number  is  very  great,  and  the  endotheca  is  highly  developed*  It  is  very 
variable  in  shape. 

There  are  some  fragmentary  corals  in  the  Marlstone,  but  their  genera  are 
doubtful ;  and  the  cast  of  a  MontUvaltia  was  found  by  Mr.  Charles  Moore  at 
Wells,  but  I  cannot  determine  the  species. 

Corals  from  the  Upper  Lias. 

The  only  species  is  that  which  was  found  years  since,  and  which  was 
described  by  MM.  Milne-Edward3  and  Jules  Haime,  Thecocyathus  Moorei3 
Ed.&H. 

Total  number  of  Species  of  Corah  from  the  British  Liassio  Strata.] 

Lower  lias  .....  64  species. 
Middle  lias ....     2      „ 
Upper  lias  . . . ,     1      „ 

67  species. 

The  descriptions  and  drawings  of  sixty-six  of  these  species  are  in  my 
4  Monograph  of  the  Iiassic  Corals/  1867,  1868,  Pal.  Soc. 

The  Thecocyathus  Moorei,  Ed.  &  H.,  was  described  and  drawn  in  the 
'  Monog.  Oolitic  Corals/  by  Milne-Edwards  and  Jules  Haime,  Pal.  Soc. 


Report  of  a  Committee  appointed  to  investigate  Animal  Substances 
with  the  Spectroscope.    By  E.  Bay  Lankesteb, 

During  the  year  attempts  have  been  made  to  obtain  a  supply  of  Sipho- 
nostoma  or  Sabdlas  for  the  purpose  of  investigating  the  derivatives  of  the 
body  described  by  me  last  year  as  chlorocruorine ;  at  present  a  sufficient 
supply  has  not  been  obtained.  The  absorption-spectrum  of  chlorocruorine 
from  Sabella,  however,  has  been  carefully  observed  and  recorded.  The 
Sponge- chlorophyll  has  been  investigated  with  the  object  of  determining 
which  of  the  two  green  and  two  yellow  bodies,  spoken  of  by  Professor  Stokes 
as  being  present  in  plants,  is  present  in  the  sponge ;  and  some  interesting 
results  appear  likely  to  be  obtained  when  the  history  of  plant-chlorophyll  is 
more  fully  known. 

The  feathers  of  twenty-two  species  of  birds,  mostly  red,  green,  or  blue,  have 
been  examined  for  absorption-spectra;  none  was  obtained;  but  Prof.  Church 
has  discovered  a  red  matter  containing  copper  in  the  feathers  of  the  Turacou ; 
and  to  this  body  he  gives  the  name  turacin.  The  spectrum  of  this  substance 
I  have  carefully  examined  and  recorded.  As  stated  by  Prof.  Church,  it  gives 
two  absorption-bands,  when  in  the  feather,  close  to  those  of  haemoglobin,  but 
readily  separable  from  them,  and  by  no  means  indicating  anything  like 
identity  in  the  bodies,  as  Prof.  Church  appears  to  have  thought. 

A  scheme  with  the  chief  solar  lines  and  Sorby's  standard  interference  lines 
1868.  x 
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ruled  in  has  been  prepared  for  recording  absorption-spectra*  I  have  taken 
notes  of  many  by  this  means,  which  is  very  useful.  A  more  satisfactory 
means  of  measurement  than  Sorby's  scale  appears  to  be  required,  since  the 
quartz  plate  cannot  be  readily  obtained  of  the  right  thickness. 

In  a  future  Report  I  hope  to  give  the  results  of  observations  which  have 
now  to  be  deferred. 


Second  Report  of  the  Committee  on  the  Condensation  and  Analysis  of 
Tables  of  Steamship  Performance. 

At  the  Dundee  meeting  of  the  British  Association  in  1867,  the  Committee 
on  the  above-mentioned  subject,  consisting  of  John  Scott  Russell, Esq.,  F.R.S., 
William  Fairbairn,  Esq.,  LL.D.,  Thomas  Hawksley,  Esq.,  C.E.,  James  R. 
Napier,  Esq.,  F.R.S.,  and  W.  J.  Macquorn  Rankine,  Esq.,  LL.D.,  was  reap- 
pointed, for  the  purpose  of  continuing  its  duties  as  denned  in  the  resolution 
by  which  it  was  originally  appointed  in  1866 ;  and  a  sum  of  £100  was  placed 
at  its  disposal.  The  Committee,  as  before,  employed  Mr.  J.  Quant,  naval 
architect,  as  calculator,  and  have  reason  to  be  highly  satisfied  with  the 
manner  in  which  his  duties  have  been  performed. 

The  sum  of  £100  has  been  expended. 

The  contents  of  the  Report  now  submitted  to  the  Association  are  as 
follows : — 

List  of  detailed  tables  whose  condensed  results  appear  in  the  present 
Report. 

Condensed  tables. 

Analyzed  tables,  according  to  the  method  of  Mr.  Scott  Russell. 

Analyzed  tables,  according  to  the  method  of  Professor  Rankine,  so  far  as 
that  method  is  at  present  complete ;  that  is  to  say,  taking  into  account  eddy- 
resistance  depending  on  friction,  and  wave-resistance  due  to  shortness  of 
afterbody.  Just  at  the  commencement  of  the  Meeting  to  which  this  Report 
'is  presented,  Professor  Rankine  pointed  out  a  hitherto  neglected  kind  of  wave- 
resistance,  depending  on  a  relation  between  speed  and  depth  of  immersion ; 
but  the  data  of  observation  necessary  in  order  to  determine  its  amount  and 
laws  have  not  yet  been  obtained. 

In  explanation  of  the  distinction  between  "  condensed  "  and  "  analyzed  " 
tables,  it  has  to  be  6tated  that  the  condensed  tables  contain  nothing  except 
quantities  ascertained  by  measurement,  observation,  and  experiment ;  while 
the  analyzed  tables  contain  certain  functions  of  those  quantities,  which 
functions  are  connected  with  theoretical  views  as  to  the  probable  nature  and 
laws  of  the  actions  that  take  place  between  the  vessel  and  the  water. 

List  of  Detailed  Tables  whose  condensed  results  appear  in  this  Btport. 

The  detailed  tables  whose  condensed  results  appear  in  the  present  Report 
consist  of  those  which  were  published  in  the  Report  of  the  British  Associa- 
tion, 1863. 

Table  I. — Engineer's  log  of  City  of  Dublin  Steam  Packet  Company's 
Steamship  '  Minister,'  June  and  July,  1861. 
Is  o  information  as  to  draught  of  water  or  displacement  is  given. 
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Table  IT. — Abstract  of  the  log  of  the  Pacific  Steam  Navigation  Company's 
Royal  Mail  Steamship  '  Quinto '  from  Liverpool  to  St.  Vincent,  1864. 
No  dimensions  of  the  ship  are  given. 

Table  HI. — Eoyal  (West-India)  Mail  Packet  Company,  Southampton  to 
St.  Thomas,  distance  3622  miles,  from  July  2nd,  1862,  to  June  2nd,  1863. 

This  Table  contains  the  performance  of  five  ships,  the  'Atrato.'  the  *  Shannon,' 
tke  *  Seine,'  the  '  Tasmanian,'  and  '  La  Plata.'  No  draft  of  water  is  given,  but  the 
condition  of  the  hull  is  stated. 

Table  IV. — Royal  (West-India)  Mail  Packet  Company,  St.  Thomas  to 
Southampton,  July  30th,  1862,  to  June  30th  1863. 

This  Table  contains  the  same  steamers  as  the  preceding.  Table  HL  contains 
the  performance  of  those  shins  on  their  outward  voyage,  and  Table  IV.  their  per- 
formance on  their  homeward  voyage,  during  twelve  months'  work.  No  draft  of 
water  on  leaving  port,  nor  area  of  midship  section  has  been  given,  although  mean 
displacement  has  teen  stated. 

Table  V. — Royal  (West-India)  Mail  Packet  Company.     Summary  made 
from  the  Tables  of  diagrams  from  indicator  and  working  of  the  engines  be- 
longing to  the  various  ships  included  in  the  return  furnished  of  the  perfor- 
mances from  St.  Thomas  to  Southampton,  between  July  30, 1862,  and  June   , 
30, 1863,  as  given  in  Table  IV. 

This  Table  contains  very  useful  data ;  the  quantities  of  two  ships  have  been  reset 
and  repeated  in  this  condensed  Report,  and  as  far  as  possible  the  lines  of  the 
ships  have  been  obtained,  and  the  draft  of  water  and  area  of  midship  section 
corresponding  to  the  mean  displacement  are  inserted  in  the  condensed  Tables. 

Tables  VI.,  VII.,  VIII.,  and  IX.  contain  abstracts  of  engineer's  log  of  the 
1  Great  Eastern.' 

The  indicated  horse-power  has  been  given  in  Table  IX.  only;  and  therefore  that 
performance  only  is  available  for  calculation. 

Table  X. — Abstract  of  engineer's  log  of  the  Steamship  '  Great  Eastern,' 
eighteen  voyages,  1860-1863. 

No  statement  has  been  made  of  indicated  horse-power. 

Table  XI. — Return  of  H.M.  Steam  Line-of-Battle  Ship  *  Victor  Emmanuel.' 

This  Table  contains  twenty-seven  runs,  of  which  sixteen  were  made  under  steam. 
Quantities  of  the  vessel  have  already  been  given  in  last  year's  condensed  Report, 
Table  V.  Her  performance  appears  in  this  Report  under  different  conditions  of 
draft  of  water  and  displacement,  and  consumption  of  coals. 

This  Table  has  been  condensed  to  eleven  runs  under  different  conditions :  and, 
although  not  strictly  according  to  the  form  laid  down  in  last  year's  Report  for  the 
condensation  of  tables,  it  has  been  thought  proper  to  insert  the  whole  of  the  items 
given  in  the  Report  oi  1863,  so  as  to  form  a  Table  by  itself.  The  indicated  horse- 
power as  given  m  the  condensed  Table  has  been  calculated  from  the  indicator-dia- 
fpams  as  published  in  the  Report  of  1863.  This  is  the  only  one  of  the  condensed 
ables  in  which  the  degree  of  expansion  of  steam  has  been  given.  It  is  much  to 
be  desired  that  the  lines  of  this  vessel,  as  also  those  of  other  ships  of  war,  should 
be  obtained  from  the  Admiralty,  in  order  to  furnish  data  for  analysis. 

Table  XII.  and  XIII. — Resultats  de  la  navigation  des  Paquebots  des 
Services  Maritimes  des  Messageries  Imperiales,  pendant  l'annee  1861  et  1862. 

No  particulars  of  these  ships  have  been  given,  with  the  exception  of  the  draft  of 
water. 

Table  XIV. — Particulars  of  12  steamers  indicated  by  letters  of  reference 
(A  to  X). 

No  area  of  midship  section  nor  displacement  has  been  returned. 

x2 
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Table  A. — Particulars  of  the  trial  trips  of  four  Holyhead  Mail  Steamers 
*  Banshee/  *  Llewellyn/  '  Leinster/  and  '  Connaught/  in  comparison  with 
H.M.8.  paddle-yacht  *  Victoria  and  Albert/ 

This  Table  does  not  mention  the  displacement  of  the  ships.  Where  it  has  been 
possible  these  quantities  have  been  filled  up  from  the  lines  and  from  other  sources 
of  information. 

Beport  1863  contains  two  Plates  showing  indicator-diagrams  of  H.M.S. 
'  Victor  Emmanuel '  (fore- cylinder  and  aft-cylinder). 

The  pressure  of  steam  in  the  cylinders,  and  the  indicated  horse-power  as  cal- 
culated by  these  diagrams,  are  given  in  Table  IX.  of  this  Report 

Of  the  five  Royal  (West-India)  Mail  Packet  Company's  Steamships 
whose  performances  were  published  in  Tables  III.,  IV.,  and  V.,  Report  1863, 
the  performances  of  two  have  been  condensed  and  inserted  in  this  Report, 
viz.  the  '  Atrato*  (paddle),  built  by  Messrs.  Laird  and  Co.,  and  the  « Tas- 
manian '  (screw),  by  Messrs.  Laurence  Hill  and  Co. 

The  nominal  horse-power  of  the  screw-steamer  '  Tasmanian '  is  given  as 
744  in  Report  of  1863,  and  560  in  earlier  printed  Tables.  In  earlier  Tables 
the  nominal  power  of  the  *  Atrato '  is  given  as  800,  whereas  in  the  Report  of 
1863  it  has  been  published  as  766.  Further,  it  appears  that  the  indicated 
horse-power,  as  given  in  the  condensed  Report  of  1867,  is  the  I.  IL  P.  as 
measured  in  one  cylinder  only,  in  the  case  of  the  paddle-steamers  *  Atrato,' 
4  Shannon/  and  « La  Plata/ 

Condensed  Tables. 

Performance  of  two  Royal  (West-India)  Mail-Packet  Company's  Steamships 
on  a  voyage  of  3622  miles. 


Names    , ...... 

Length  on  load  water-line,  in  feet 

Breadth  (extreme),  in  feet   ..., 

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  in  sq.  ft. 
Displacement,  in  tons  of  35  cubic  feet    . . . 
Mean  immersed  girth,  in  feet , 

Engines. 

Description    

Number  of  cylinders    

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute    

Average  steam  as  per  card,  in  lbs 

Average  vacuum  as  per  card   

Pressure  of  steam  as  per  gauge,  in  lbs.  . . . 

Vacuum  as  per  gauge,  in  inches 

Nominal  horse-power  

Indicated  horse-power  from  one  cylinder 

Coals  consumed,  in  lbs.  per  hour  

Speed  of  ship,  in  knots  per  hour 


Atrato, 
paddle. 


336-5 
4092 
18-35 

653- 
3979' 
5*'54 


Side  lever. 

2 
96- 

9* 
1442 

6*547 
11181 
13*41 
26- 
8oo* 
2207*98 
7936- 


Tasmanian, 
screw. 


332- 
39* 
>9*8 

666- 
3760- 
5**5* 


Tr.  inverted. 

3 
68- 

3*5 
4176 

5137 
9712 
151 
*5'95 
55o* 
144219 
6896* 
1067 


From  "  Particulars  of  Trial  Trips,  Table  A,"  Report  1863,  in  which  the 
performance  is  given  of  the  four  vessels  on  the  Mail  Service  between  Dublin 
and  Holyhead  with  a  voyage  on  the  same  route  of  the  '  Victoria  and  Albert,' 
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only  the  performance  of  the  'Leinster*  and  Her  Majesty's  yacht  has  been 
extracted  and  given  in  this  Report. 

In  studying  the  quantities  of  these  mail-boats,  it  was  found  that  in  Report 
1861,  Table  IX.,  the  nominal  power  of  « Leinster '  is  given  as  750,  whilst  in 
Report  1863  it  is  printed  as  720.  Again,  in  Report  1861  the  diameter  of 
the  wheel  is  given  as  33  feet  outside  the  floats,  and  29  feet  to  centre  of 
journals,  whilst  in  Report  1 863  the  diameter  is  given  as  31  feet  outside 
floats,  and  27  feet  to  centre  of  journals — a  difference  therefore  of  2  feet  in 
each  case.  Further,  in  Report  1861  the  quantities  of  the  *  Leinster '  and 
4  Ulster '  are  given  under  one  bracket,  leading  to  suppose  that  those  two 
ships  are  alike  in  all  respects,  whereas  such  is  not  the  case.  The  diameter 
of  cylinders  of  both  ships  is  given  in  that  Report  as  96  inches  with  a  stroke 
of  7  feet,  whilst  in  the  Report  of  1863  the  diameter  of  cylinder  of  the  '  Lein- 
ster* is  printed  as  98  inches,  with  6  feet  6  inches  stroke,  and  that  of  the « Ulster' 
as  96  inches,  with  7  feet  stroke. 

In  order  therefore  to  ascertain  the  truth  it  was  necessary  to  write  to  the 
manufacturer  of  the  engines ;  and  the  correct  quantities  of  the  *  Leinster ' 
are  given  in  the  Table  below. 

In  making  the  condensed  Report  of  last  year,  the  Report  on  Steamship  Per- 
formance of  1863  was  not  in  the  calculator's  hands,  and  the  quantities  of 
the  '  Leinster,'  therefore,  were  given  as  he  found  them  in  former  Reports ;  but 
by  a  comparison  with  the  Table^below  the  errors  may  be  corrected.  The  dis- 
placement, as  here  given,  and  which  was  not  mentioned  in  Report  1863,  has 
been  calculated  from  the  lines. 


Names    

Length,  in  feet  , 

Breadth,  in  feet    

Draft  of  water,  in  feet 

Area  of  immersed  midship  section 

Displacement,  in  tons  of  35  cubic  feet   . . 
Mean  immersed  girth,  in  feet 

Engines. 

Description   

Number  oi  cylinders    

Diameter  of  cylinders,  in  inches 

Diameter  of  air-pump,  in  inches    

Stroke  of  cylinder,  in  feet    

Stroke  of  air-pump  

Number  of  revolutions,  per  minute    

Nominal  horse-power  

Indicated  horse-power 

Speed  of  vessel,  m  knots 

Speed  of  vessel,  in  statute  miles 

Pressure  of  steam  by  safety-valve,  in  lbs. 

Vacuum  in  condenser,  in  inches 

Diameter  of  wheel  outside  float,  in  feet . . 
Diameter  of  wheel  to  journals    


Leinster. 

Victoria  and 
Albert. 

3*7' 

300- 

35* 

40-27 

12-68 

1392 

336- 

401' 

1675* 

1980* 

4018 

40- 

Oscillating. 

a 

9«' 

54* 

6-5 

*'5 

26-25 

254 

720- 

600' 

4751' 

2980* 

17-747 

16-827 

20-429 

19*377 

*5* 

23- 

*5* 

*r 

3i* 

27- 
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Table  IX. — Condensed  Table  of  trials  of  H.M.  Steam  Line- 


Date  of  trial  

Ship's  course  

Wind's  direction  

Wind's  force  

State  of  sea    

Mean  draft  of  water    

Displacement,  in  tons 

Area  of  midship  section,  in  square  feet 

Average  speed  per  hour,  in  knots  

Duration  of  trial,  in  hours 

Steam  cut  off  in  proportion  of  stroke 

Average  number  of  revolutions  

Pressure  of  steam  near  cylinder,  in  lbs 

Mean  pressure  on  piston,  in  lbs 

Barometer  (fore),  m  inches     

Barometer  (aft),  in  inches   

Indicated  horse-power 

Speed  of  screw,  in  knots  per  hour 

Slip,  in  knots  per  hour 

Slip,  percent 

Number  of  furnaces  at  work  in  the  boiler... 

Grate-surface  at  work,  in  square  feet 

Heating  surface  at  work,  in  square  feet 

Pressure  of  steam  in  the  boilers,  in  lbs 

Consumption  of  coals,  in  cwt.  per  hour 

Consumption  of  coals,  in  cwt.  per  knot 

Consumption  of  coals,  per  I.  H.  P.  per  hour 
V»x0 

LH.P. 

V*xDt 

LH.P. 

Distance  run  with  i  ton  of  coals 

Description  of  sail  set 

Area  of  sail  set,  in  square  feet 

Remarks    


March  16. 

S.W.  by  W. 

Westerly. 

i 
Smooth. 

*3'54 
5000* 
1040* 

6-8 

8- 

16' 
9'6i 

*3i 

*4* 
6494 
894 
214 

*3'9 
io* 

217-5 

57266 

16- 

*3* 

3*4 

39 

503- 


141- 
588 


March  24. 
W.  by  N. 
Southerly. 

1  to  2 
Smooth. 

*3'54 
5000* 
1040* 

8*05 

8- 

* 
40- 
17- 
1 27 1 
»5* 
*5* 
1006*5 

IO*22 

2-17 

20*6 

326*25 

8589-9 

»7" 

3'* 
395 
3*5 

539' 


i5r 

5"oS 


Foul  bottom. 


March  25. 
W.  *N. 

N.E. 
o  to  1 


*3*54 
5000* 
1040* 

6'57 

4* 

.35* 
[16- 

99 
*5* 
*5* 
7307 
894 
2-37 
26-5 
io* 
2175 
57266 
16* 

*4* 
365 
36 

403- 

113- 

5'47 


Foul  bottom. 


March  26. 

WiS. 

S.W. 

1  to3  " 

Slight  swell. 

23-46 

4970' 
1035* 

6-7 
9' 

36- 
17- 

9*95 
*4* 
*4* 
6915 

92 

*"5 
27-1 

32625 
85899 

17- 

33* 
49a 

5'3 

450* 

126* 
4*06 
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of-Battle  Ship  '  Victor  Emmanuel '  during  the  year  1862. 


March  29. 
S.W.  i  S. 

March  30. 
W.N.W. 

April  5. 
N.W.  *W. 

March  25. 
W.  iN. 

April  1. 
W. 

April  6. 
N.W.  i  W. 

April  6. 

N.W. 

w.aw. 

S.W.  by  W. 

N.W. 

E.N.E. 

N.W.  by  W. 

N.N.E. 

N.E. 

1 

6to7 

3 

3to4 

2  to  3 

2  to  3 

2  to  3 

Heavy  swell, 

aw. 

Smooth. 

Slight  swell. 

Moderate 

Moderate 

swell. 

swell. 

•*3'35 

23-29 

*3*33 

*3'54 

2327 

23-22 

23*221 

4923- 

4910- 

49*5* 

5000* 

4903- 

4887- 

4887- 

1030* 

1026* 

1029- 

1 040' 

1025* 

1024* 

1024* 

60 

682 

65 

8*5 

8-02     ■ 

76 

7-2 

5* 

6- 

4* 

3' 

3* 

r 

5* 

•158 

•307 

* 

.* 

* 

■h 

•A 

4*' 

46- 

43* 

38- 

42- 

38- 

3r 

18- 

18' 

17- 

16- 

17- 

17* 

i6« 

12*66 

15-26 

1 2-04 

9-98 

119 

96 

7*9* 

24- 

*4i 

24* 

*4* 

*5* 

*5* 

24- 

24- 

*4* 

*4* 

24- 

*4* 

23- 

23i 

1026*6 

1355-8 

999*6 

7307 

9650 

7044 

473*4 

1073 

1 175 

1099 

971 

10-73 

971 

792 

473 

4*93 

449 

I  -21 

271 

2*1 1 

0-72 

44-1 

419 

408 

125 

*5'3 

217 

9' 

15* 

20- 

io- 

IO* 

>5* 

*$' 

15* 

326-25 

435* 

217-5 

217*5 

32625 

326*25 

326-25 

85899 

"453* 

5726*6 

5726*6 

85899 

85899 

85899 

18- 

18- 

17- 

16- 

'7' 

17* 

16* 

351 

*5# 

46- 

3*' 

5H 

34' 

»2i 

596 

9-62 

7-07 

376 

6*8i 

4-47 

311 

39 

54 

5i 

4*9 

61 

54 

57 

216* 

240* 

282* 

874- 

547* 

638- 

808- 

6v 

67-5 

79'5 

246* 

154' 

178- 

227* 

3*35 

2-08 

2*82 

531 

2-93 
Fore-  and  aft- 

4*47 

6-421 

Plain  sail  to 

Fore-  and  aft- 

All  sail  to  fore- 

single  reefed 

sails. 

sails. 

top  and  fore- 

top-sail. 

top-gallant  and 
studding  sails. 

2631* 

1126* 

1126- 

3649- 

Bad  coals; 

Foul  bottom. 

Foul  bottom. 

ship  pitching 
heavily. 
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Example  of  Analyzation  according  to  the  method  of  Mr.  Scott  Russell. 
Royal  Mail  Steamship  '  Atrato.' 

Length  on  load  water-line,  in  feet 336-5 

Breadth,  in  feet 40-92 

Mean  draught  of  water  without  keel    18-35 

Area  of  immersed  midship  section,  in  square  feet   653 

Displacement  in  tons  of  35  cubic  feet 3979 

Diameter  of  paddle-wheel  outside  floats,  as  taken  from  the  draw- 
ing, in  feet    36-5 

Diameter  of  wheel  to  journals  in  feet  or  effective  diameter 32 

Indicated  horse-power 2207-98 

Speed  of  ship  in  knots  per  hour   11-22 

One  knot  being  =1-69  feet  per  second,  hence  speed  of  ship  in 

feet  per  second 18-96 

Consumption  of  coals,  in  lbs.  per  hour 7936 

Coefficient  of  fineness  of  midship  section  or  653 -rB  x  d= 0-869 

„            „            body  or  3979  x35-rBx<*xL= 0-5512 

„             „             ends  or  D  in  cubic  feet-r  ©  X  L=    0-6339 

„        performance  V3  xD^I.  H.  P 160-62 

Y8xDUw 5005 

"W  in  this  formula  means  consumption  of  coals  in  cwt.  per  hour. 

Coefficient  of  performance  V3  x  ©-r I.  H.  P.=    419-66 

Revolutions  of  paddle-wheel  per  minute 14-42 

Velocity  in  paddle-wheel,  in  knots  per  hour    14-29 

To  find  the  velocity  of  the  paddle-wheel,  the  effective  diameter  has  been 
multiplied  by  3*1416 ;  tliis  product  has  been  multiplied  by  the  number  of 
revolutions  per  minutt,  this  product  again  by  60,  and  the  last  product  has 
been  divided  by  6082-66  to  find  as  quotient  the  velocity  in  knots  per  hour. 

Slip  in  knots  per  hour  equal  to  14-29—11-22   =      307 

Slip  in  feet  per  second  equal  to    3*07  X    1*69   =      5-19 

Speed  of  ship :  speed  of  slip  : :  1  :      0-27 

Dip  of  paddle-board,  measured  from  lower  edge,  in  feet 9 

Length  of  paddle-board,  in  feet 12 

Area  of  paddle-race  12  x  9  x  2,  in  square  feet 216 

Area  of  midship  section  :  Area  of  paddle-race  : :  1  :    -33 

Resistance  due  to  area  of  paddle-race  equal  to  speed  of  slip,  in  feet  per 
second2,  multiplied  by  the  area  of  paddle-race,  or 

5-19a  x  216  =  5818  lbs. 

Resistance  due  to  length  of  paddle-race  equal  to  resistance  due  to  area  of 
paddle-race  multiplied  by  the  speed  of  the  ship  -f-  speed  of  slip,  or 
21,263  lbs. 

Coefficient  of  diminished  resistance. — This  coefficient  belongs  to  a  pure- 
mathematical  wave-line  bow.  The  question  offers  itself,  what  is  the 
length  of  this  bow  ? 

The  length  of  the  bow  of  the  ship  can  be  denoted 

1.  By  the  speed, 

2.  By  the  place  of  half  the  beam  in  the  light  water-line, 
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3.  By  the  coefficient  of  fineness  of  ends,  and 

4.  By  the  actual  length  as  found  by  the  lines. 

For  the  afterbody  the  length  would  be  £  of  the  above  quantities,  with  the 
exception  of  4,  where  it  is  given  by  the  lines.  1,  2,  3,  4  worked  out  for  the 
'  Atrato '  would  give  a  length  of  bow  as  computed  by 

1.  70-16  feet* 

2.  80         „ 

3.  176 

4.  166 

quantities  which  differ  immensely.  But  whatever  the  length  of  forebody, 
afterbody,  and  middlebody  may  be  as  computed  above,  the  three  together 
must  form  the  given  displacement  with  the  given  draught  of  water.  The 
wave-line  method  supplies  formulae  by  means  of  which  the  exact  length  of 
bow  answering  both  conditions  may  be  found ;  and  in  order  to  prove  which  of 
the  four  quantities  is  correct  we  proceed  as  follows : — 

Let  p  denote  the  coefficient  of  fineness  of  midship  section, 
q  the  coefficient  of  fineness  of  body, 
r  the  coefficient  of  fineness  of  ends  equal  to  q-r-p  ;  then 

volume  of  forebody  equal  to  -5  Bldp  =-5 1  x  © 

„        afterbody        „        -5  Bldp  +  -19635  B2dp = (-5  V + -19635  B)© 

„        middlebody     „  Bl"dp=l"x@ 

total  displacement  „        -5  Bldp  +  -5  Wdp  +  -19635  BVp + Wdp. 

Dividing  this  by  the  parallelopiped,  Bid,  will  give  the  coefficient  of  fineness  of 
body,  or  q, 

-51  +  -5Z'  +-19635B-r=?L=rL;  but  Z+r=L-r; 
P 
hence    -5L+-5r  +  -19635B=rL, 

from  which  equation  I",  or  the  length  of  the  middlebody, maybe  determined; 
and  having  the  length  of  the  middlebody  deducted  from  the  total  length  of 
the  ship,  six-tenths  of  the  remainder  will  give  the  length  for  the  forebody, 
and  four- tenths  of  the  remainder  will  give  the  length  of  the  afterbody. 
Working  the  above  formula  out  for  the  '  Atrato '  we  shall  get 

-5  x  336-5  +  -5Z"  +  -1 9635  x  40-92  =  -6339  x  336-5, 

•5Z"  =37-02,  or  Z"=74-04  equal  to  length  of  middlebody. 

hence  length  of  forebody  equal  to  -6(336-5— 7404)  =  157-476, 
and  len^h  of  afterbody       „        -4(336-5  -  7404)= 104-984. 

It  will  be  seen  from  these  quantities  that  already  twice  as  long  a  bow  has 
been  obtained  as  is  necessary  for  a  speed  of  11-22  knots. 
Let  us  now  test  these  quantities  for  the  displacement. 

*  A  curre  is  appended  at  the  end  of  this  Report,  by  which  for  any  given  speed  in  statute 
miles  the  length  of  bow  and  stern  might  be  measured. 
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Forebody. 
Log  653        =2-8149132 
Log  157-476=21972144 
Log       -5     =9-6989700 


Afterbody. 
Log         653=2-8149132 
Log  104-984=2-0211066 
Log        -5     =9-6989700 


Middlebody. 
Log  653      =2-8149132 
Log    74-04=1-8694664 


Log  35 


4-7110976 
=1-5440680 


4-5349898 
Log    35        =1-5440680 


3-1670296  2-9909218 

=    1469  tons    Natfn'  =    979-3  tons 

Log        -19635=9-2930309 

Log    40-92       =1-6119356 

Log  653  =2-8149132 


Log   35 

Nat1!!' 


4-6843796 
=1-5440680 

31403116 
=1381 


Log    35 

Nat1  n' 


3-7198797 
=1-5440680 

2-1758117 
=149-9 


1469 +979-3 +149-9 +1381  =3979-2  tons,  or  just  two-tenths  of  a  ton  more 
than  the  actual  displacement.  Now  there  is  no  length  of  forebody,  after- 
body, and  middlebody  possible  that  will  fulfil  the  conditions  required  ;  and  it 
would  therefore  be  wrong  to  compute  the  length  of  forebody  in  any  other 
way  than  through  means  of  the  coefficient  of  fineness  of  ends.  The  '  Atrato ' 
has  no  actual  middlebody;  but  we  see  that  she  really  could  have  had  a 
parallel  middlebody  of  74  feet  without  in  the  least  injuring  her  qualities. 

The  length  of  forebody,  afterbody,  and  middlebody,  through  means  of  the 
mentioned  formulas,  have  been  calculated  for  several  ships,  and  the  result  has 
been  appended  in  a  Table  which  follows  the  Table  of  Analysis  according  to 
Mr.  Scott  Russell's  method. 

It  will  easily  be  seen  that  this  length  of  middlebody  varies  with  the  draft 
of  water;  the  lighter  the  vessel  is,  the  shorter  the  middlebody,  and  the 
deeper  the  vessel  the  longer  the  middlebody,  the  different  coefficients  of  fine- 
ness necessarily  becoming  smaller  when  light,  and  larger  when  laden. 

The  coefficient  of  diminished  resistance  is  therefore  (40-92  -f- 157-476)* 
=00675. 

Resistance  due  to  ship's  way,  equal  to  area  of  midship  section  multiplied 
by  the  square  of  the  speed  of  the  ship  in  feet  per  second  ;  and  this  product 
multiplied  by  the  coefficient  of  diminished  resistance  gives  15850  pounds'  re- 
sistance due  to  ship's  way. 

Girth  at  midship  section  in  feet 62-80 

This  item,  when  the  lines  are  in  hand,  is  not  immediately  necessary,  al- 
though, when  such  is  the  case,  that  girth  must  be  measured,  in  order  to  lay 
down  the  surface  of  the  skin ;  but  in  the  absence  of  the  lines  of  the  vessel 
the  girth  at  the  midship  section  becomes  a  great  function  of  the  surface  of 
the  skin.  The  66  feet,  as  above,  has  been  actually  measured  from  the 
body-plan ;  but  where  a  certain  proportion  exists  between  the  beam  and 
the  draft  of  water,  the  girth  may  be  found  to  a  close  approximation  by 
multiplying  the  beam  plus  twice  the  draft  with  a  certain  coefficient,  which 
coefficient  may  be  found  from  a  Table  at  the  end  of  this  Report,  in  which  the 
girths  at  the  midship  section  have  all  been  found  from  the  lines  of  the  ship. 
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In  the  case  of  the  '  Atrato,'  where  the  proportion  between  breadth  and  draft 
is  as  1 :  -448,  the  coefficient  would  be  tike  H.M.S.  '  Warrior '  and  '  Achilles,' 
or  the  mean  between  the  two  would  give  *8 ;  and  this  multiplied  by  40*02 
+  2  x  18-35=62-09,  or  -71  feet  shorter  than  is  actually  the  case.  The  cause 
of  this  is  that  the  '  Warrior '  and  '  Achilles '  both  have  more  rise  of  floor  than 
the  '  Atrato/  and  this  rise  of  floor  may  be  judged  from  the  coefficient  of  fine- 
ness of  midship  section  ;  therefore,  by  using  a  little  caution  in  the  use  of  this 
Table,  the  girth  at  the  midship  section  may  be  found  to  a  very  close  ap- 
proximation. 

Surface  of  skin  in  square  feet 17233 

This  surface  has  been  exactly  measured  from  the  lines  of  the  ship  ;  and 
where  this  has  not  been  possible,  the  coefficient  of  *77  may  be  judiciously 
used  from  a  comparison  with  other  ships,  of  which  the  surface  of  skin  has 
been  laid  down  and  calculated,  and  given  at  the  end  of  this  Report. 

Resistance  due  to  skin  equal  to  the  surface  of  the  skin  multiplied  by  the 
square  of  the  speed  of  the  ship,  in  knots,  and  the  product  divided  by  100, 
supposing  that  the  skin  of  the  ship  is  clean  and  smooth,  or 

=27300  pounds  skin  resistance. 

Total  resistance  equal  to  15850+27300=43150  pounds.  Horse-power 
required  for  ship's  way  equal  to  the  resistance  due  to  ship's  way  multiplied 
by  the  speed  of  the  ship,  in  feet  per  minute,  and  the  product  divided  by 
33000,  or 

=546  horse-power  for  ship's  way. 

Horse-power  required  for  skin-resistance  equal  to  the  resistance  due  to 
skin  multiplied  by  the  speed  of  the  ship,  in  feet  per  minute,  and  the  product 
divided  by  33000,  or 

=940  horse-power  for  skin-resistance. 

Horse-power  required  for  slip  equal  to  the  total  resistance  multiplied  by 
the  slip,  in  feet  per  minute,  and  the  product  divided  by  3300,  or 

=406  horse-power  for  slip. 

Total  horse-power  required  546  +  940+406=  1892 

Horse-power  expended  on  engines  and  propeller    . .   2207—1892=315 
Percentage  of  total  horse-power  employed  in  driving 

the  ship     '24 

Percentage  of  total  horse-power  employed  in  driving 

the  skin     *42 

Percentage  of  total  horse-power  expended  on  slip  . .      *13 
Percentage  of  total  horse-power  expended  on  engines 

and  propeller    *14 

Consumption  of  coals  per  nominal  horse-power,  per 

hour 9-9 

Consumption  of  coals  per  indicated  horse-power,  per 

hour 3*6 
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TABLE  A. — PerformaDce  of  Ships,  analyzed  by  the  method 


Proportion  of  breadth  to  length : :  1 :     ... 
Proportion  of  draught  to  breadth : :  1 : . . . 

Coefficient  of  fineness  of  ©  a 

Coefficient  of  fineness  of  body  b 

Coefficient  of  fineness  of  ends  - 

a 

Coefficient  of  diminished  resistance    

Coefficient  of  performance  l^xDU I. H.P. 

Coefficient  of  performance  V3  X  D*  -r  W. 

Coefficient  of  performance  V3X0-rI.H.P. 

Effective  diameter  of  wheel 

Velocity  of  paddle-wheel,  in  knots  per  hour.. 

Slip,  in  knots  per  hour     

Slip,  percent 

Slip,  in  feet  per  second 

Ratio  of  slip  to  speed  of  ship::  1: 

Area  of  paddle-race,  in  square  feet..... 

Resistance  due  to  area  of  paddle-race,  in  lbs. 

Resistance  due  to  length  of  paddle-race 

Girth,  in  feet 

Surface  of  skin,  in  square  feet 

Skin  resistance,  in  pounds  

Speed  of  ship,  in  feet  per  second    

Resistance  due  to  ship's  way,  in  lbs 

Total  resistance,  in  lbs. 

Resistance  of  paddle-race  to  resistance  of 
ship  ::  1:  

Horse-power  required  for  ship's  way 

Horse-power  required  for  skin  resistance  ... 

Horse-power  required  for  slip 

Horse-power  expended  on  engines  and  pro- 
peller  

Percentage  of  total  I.H.P.  required  for  © 

Percentage  of  total  I.H.P.  required  for  skin 

Percentage  of  total  I.H.P.  required  for  slip 

Percentage  of  total  I.H.P.  required  for 
engines 

Consumption  of  coals  per  N.H.P.  per  hour. 

Consumption  of  coals  per  I.H.P.  per  hour. 


Anglia. 

Admiral. 

Cambria. 

7'2I 

656 

755 

2*90 

4*26 

294 

•791 1 

-8916 

•8666 

•6148 

•5694 

•6392 

•7771 

•6386 

•7376 

•0635 

•0767 

•0576 

1939 

203- 

1628 

3176. 

75*59* 

3151- 

4968 

497* 

366- 

22*o6 

i8-5 

*5'34 
18*06 

1709 

'3*75 

4-13 

,85 

5-85 

31* 

*5* 

47- 

7-04 

3'5 

997 

3"i3 

2-08 

98-04 

8162 

4858* 

8113' 

20063* 

16875. 

35*34 

,  3»"43 

3512 

5«35* 

6600- 

5347* 

8626* 

9504- 

797** 

22*11 

20*47 

2083 

578r 

5*77' 

34902 

14407- 

15381* 

11462- 

071 

218- 

0*67 

232- 

132* 

347* 

353* 

301- 

228- 

IOO* 

165- 

8-07 

73* 

397*35 

28- 

40- 

'3* 

42- 

47* 

3©* 

28- 

'3* 

16- 

I- 

9* 

40- 

17' 

*5* 

6-8 

2.9 

5*7 

Note  1.  The  coefficient  of  diminished  resistance  has  been  taken  with  a  length  of  bow 
Note  2.  The  effective  diameter  of  the  wheel  as  used  for  analysis  has  been  taken  at  the 
This  has  been  done  for  the  sake  of  uniformity  in  the  calculations,  there  being  an  effective 
and  '  Telegraph,'  in  Appendix  V.  Table  I.  Report  1859,  and  of  the  '  Cambria,  lengthened, 
are  correct.  For  example,  the  diameter  of  the  wheel  of  the  *  Delta '  is  26  feet,  and  the 
the  effective  diameter  or  wheel  is  given  in  the  Reports  as  25*16  feet.  Both  are  feathering- 
for  breadth  of  float  4*5,  and  the  '  Lima '  3  feet. 
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of  Mr.  Scott  Russell  (Merchant  Paddle  Steamers). 


Cambria 
lengthened. 

Callao. 

Valpa- 
raiso. 

Lima. 

Lima. 

Bogota, 

fdngle 

cylinder. 

9-06 

7-31 

7*3' 

836 

836 

8-33 

281 

2*60 

2*48 

261 

2-46 

2*52 

•8ai3 

•8702 

•9101 

•975» 

•8806 

•8459 

'594* 

•5379 

•5451 

•5463 

•553o 

"7*34 

•6181 

•5989 

•6210 

•6538 

'0402 

•0515 

•0515 

'042 

'042 

•042 

215- 

2244 

218-7 

i8r5 

223-2 

3926* 

11787- 

8657* 

7774* 

12279- 

4369 

572- 

590* 

450* 

542- 

536- 

23-25 

23-96 

2390 

*4* 

*4*34 

2396 

H'59  ' 

17-82 

1777 

17*85 

16-97 

17-07 

2*36 

492 

6*24 

585 

3*97 

4*57 

'9* 

*     38' 

'54 

45* 

30- 

36- 

4-02 

.  *49 

10*64 

10-64 

22*08 

779 

518 

2*62 

184 

2*22 

327 

*'73 

J*'9* 

68- 

58-30 

6528 

68- 

68- 

864- 

4901- 

66oo* 

6501* 

2750- 

4126' 

4460- 

12840* 

12144- 

I3327- 

9586- 

11263- 

35*2 

39*9« 

40*82 

4*4 

43*44 

43-05 

6536' 

7138- 

7292- 

8194- 

8395. 

8287- 

9777* 

11879. 

9694- 

1 1 8oo- 

14188' 

12948* 

20-87 

22*o6 

19-67 

20-47 

22*12 

"'33 

3484-9 

7017- 

6137- 

53  >4' 

6411- 

577o- 

13261* 

18896- 

15831* 

17114- 

20599- 

18718* 

• 

2-97 

i*47 

130 

1-28 

2-14 

i*66 

132- 

281- 

219- 

197* 

258- 

223* 

370* 

476* 

346* 

439* 

570- 

501* 

969 

291- 

306- 

356* 

*38' 

315* 

238-5 

2* 

-71* 

168* 

*34* 

6r 

16- 

26*7 

27-3 

16*0 

37-8 

,98 

20-2 

44* 

45*3 

4P 
38-2 

43*8 

45*5 

ii- 

27-7 

30-6 

183 

28*6 

28* 

-87 

H*5 

18- 

55 

»3'3 

T 

77 

94 

168 

V 

62 

2*1 

308 

2*6 

5* 

2* 

equal  to  *55  of  the  length  of  the  ship. 

diameter  of  the  wheel  as  given  in  the  condensed  Tables,  minus  $  of  the  width  of  the  float, 
diameter  given  in  the  Reports  of  only  the  following  ships,  *  Anglia,'  *  Cambria,'  *  Scotia,* 
•  Lima,'  and  4 Delta'  in  Table  V.  Report  1861.  It  is  rather  doubtful  that  these  quantities 
effective  diameter  is  given  as  22  feet ;  the  *  Lima '  has  the  same  diameter  of  wheel,  but 
wheels;  and  there  is  only  a  difference  of  1*6  in  the  width  of  the  float,  the  ' Delta'  having 
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TABLE  A  (continued). — Performance  of  Ships,  analyzed  by  the 


Proportion  of  breadth  to  length  : :  1  :  

Proportion  of  draught  to  breadth::  1: 

Coefficient  of  fineness  ©a  

Coefficient  of  fineness  of  body  b 

i 

Coefficient  of  fineness  of  ends  -  

a 

Coefficient  of  diminished  resistance    

Coefficient  of  performance  V8  xD? -rl.H.P. 

Coefficient  of  performance  V'xDl-j-W.  ... 

Coefficient  of  performance  V*  X  fg-rULP. 

Effective  diameter  of  wheel 

Velocity  of  paddle-wheel,  in  knots  per  hour. 

Slip,  in  knots  per  hour 

Slip,  per  cent.   

Slip,  in  feet  per  seoond 

Ratio  of  slip  to  speed  of  ship::  1: 

Area  of  paddle-race,  in  square  feet 

Resistance  due  to  area  of  paddle-race,  in  lbs. 

Resistance  due  to  length  of  paddle-race 

Girth,  in  feet 

Surface  of  skin,  in  square  feet 

Skin  resistance,  in  pounds  

Speed  of  ship,  in  feet  per  second    

Resistance  due  to  ship's  way,  in  lbs 

Total  resistance,  in  lbs 

Resistance  of  paddle-race  to  resistance  of 
ship  : :  1 : 

Horse-power  required  for  ship's  way 

Horse- power  required  for  skin  resistance  . 

Horse-power  required  for  slip 

Horse-power  expended  on  engines  and  pro- 
peller  

Percentage  of  total  I.H.P.  required  for 

Percentage  of  total  I.H.P.  required  for  skin 

Percentage  of  total  I.H.P.  required  for  slip 

Percentage  of  total  LH.P.  required  for 
engines 

Consumption  of  coals  per  N.H.P.  per  hour. 

Consumption  of  coals  per  LH.P.  per  hour... 


Scotia. 


7*i3 
3'°5 
7918 
•5184 

•6546 

190. 
208*6 

3491' 
510- 

22*o6 
16*40 

279 
20* 

476 

487 
I20' 
2266* 
II035* 

357* 
5296- 
9810* 

23*22 
6208' 
16018' 

202* 
414* 
I85- 

73' 
28- 

44*4 
19*8 

7'8 

164 

6*6 


Tele- 
graph. 


Mersey. 


8-65 
291 
•8251 
'6184 

7494 
•0441 

220*8 
3698' 
446' 

24M7 
1872 

5*49 

936 
241 
884 

7744* 
18663- 

38* 
7»33' 
12486' 

22-57 
5°47* 
17533* 

0-94 
207- 
512- 
298* 

148* 
18- 
44' 
*5- 

13* 

17'4 
67 


848 

2*92 
•8487 
•5815 

•6852 

'042 
2564 


563- 

1905 

17-85 

4*57 

34* 

779 

2*00 

68- 

4126' 

11965- 

40-40 
79*4' 
13957* 

22*66 

5628- 
19585- 

163 

231- 

575' 
277- 

5* 

21*2 

5276 

2546 

•5 
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method  of  Mr.  Scott  Russell  (Merchant  Paddle  Steamers). 


Delta. 

Atarato. 

Shannon. 

Para- 
matta. 

John 
Penn. 

Leinflter 

and 
Ulster. 

873 

8-22 

7*5 

753 

9*16 

94* 

*'35 

250 

*'59 

261 

276 

261 

7565 

8051 

•8107 

•8484 

7776 

•7479 

•4943 

•4722 

5455 

'5743 

•4481 

•4113 

6534 

•5865 

•6729 

•6769 

•5763 

•5500 

043 

041 

•0585 

058 

•049 

•0414 

3466 

1606 

*H*4 

227*2 

1 92- 1 

154*3 

6840- 

8754* 

8018- 

3210- 

777* 

555* 

554* 

444* 

34** 

%y 

**'L 

33* 

35*5 

12*89 

3034 

18-17 

1868 

"9*43 

1925 

"5*97 

2209 

350 

491 

554 

5'3o 

C67 

581 

*3* 

35* 

40. 

38* 

4" 

35* 

5*97 

8*37 

945 

904 

114 

991 

4''9 

280 

250 

262 

258 

276 

11874 

132- 

13024 

16008 

53*7 

150- 

4131* 

9246- 

11630- 

13081* 

6927 

i473«* 

17685- 

25889- 

29191- 

34403* 

58i*43 

41 246* 

5** 

5886 

60-77 

*6I'73 

2586 

44*5 

13271- 

IJ25I- 

28917' 

15447- 

15658- 

34>9* 
8005- 

13164- 

28560- 

29802. 

30471- 

34889* 

2503 

*349 

2370 

23-80 

26*10 

2778 

10775- 

10128- 

19912- 

19914- 

3304- 

11182- 

39335* 

39045' 

497'4' 

50385- 

11304- 

46071* 

2*22 

'•55 

189 

1-61 

r 

127 

490- 

43** 

8<8- 
1284- 

861- 

156. 

564* 

1299- 

1235- 

1318- 

379* 

1762- 

598- 

594* 

854' 

828- 

23- 

727- 

—763- 

H5* 

-68- 

-6r 

240* 

1107* 

30- 

18- 

»9* 

29- 

19*5 

'3*55 

79" 

5i* 

43* 

45* 

47*4 

4236 

37" 

*5* 

29- 

28- 

2-88 

1748 

-47* 

6- 

—  2* 

—  2* 

30- 

2661 

II'2 

108 

12*2 

30- 

37 

2*8 

3« 

5*3 
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TABLE  B. — Performance  of  Ships,  analyzed  by  the  method 


Tasmanian 


Oneida. 


San  Carlos. 


Guayaquil. 


Proportion  of  breadth  to  length  : :  1 :  .... 
Proportion  of  draught  to  breadth  : :  1 :  .... 
Coefficient  of  fineness  of  midship  section  a. 
Coefficient  of  fineness  of  body  b 

Coefficient  of  fineness  of  ends  -  

a 

Coefficient  of  diminished  resistance    

Coefficient  of  performance  Vs  x  D*  -r  I.H.P. . 

Coefficient  of  performance  V3  x D*  4-W. . . . 

Coefficient  of  performance  V3  X  ©  4- I.H.P. . 

Speed  of  screw,  in  knots  per  hour  

Slip,  in  knots  per  hour    

Slip,  in  feet  per  second    

Ratio  of  slip  to  speed  of  ship  : :  1 : 

Area  of  screw-race  (minus  boss),  in  square 
feet 

Area  of  midship  section  :  area  of  screw- 
race::  1:    

Resistance  due  to  area  of  screw-race,  in  lbs. . . 

Resistance  due  to  length  of  screw-race,  in  lbs. 

Resistance  due  to  ship's  way,  in  lbs 

Girth,  in  feet 

Surface  of  skin,  in  square  feet 

Skin  resistance,  in  lbs. 

Speed  of  ship,  in  feet  per  second    

Total  resistance,  in  lbs 

Resistance  of  length  of  screw :  resistance  of 
ship::  1:   

Horse-power  required  for  ship's  way 

Horse-power  required  for  skin  resistance  ... 

Horse-power  required  for  slip     

Horse-power  expended  on  engines  and  pro- 
peller  

Percentage  of  total  I.H.P.  required  for  mid- 
ship section  

Percentage  of  total  I.H.P.  required  for  skin 

Percentage  of  total  I.H.P.  required  for  slip 

Percentage  of  total  I.H.P.  required  for 
engines  

Consumption  of  coals  per  N.H.P.,  in  lbs. 
per  hour  , 

Consumption  of  coals  per  I.H.P.,  in  lbs. 
per  hour   


8-Si 

2*04 

*775 
•478 

•6l7 

•0453 
HO'5 

868o- 
59619 
1718 

*;93 
4-86 

230*10 

•39 

5755* 

27969- 

>5447* 
61*71 

15778- 

31039- 
2431 

40838* 

1*46 
683- 
1416* 
43"* 

270* 

*4' 
5°' 
*5* 

9-6 
"5* 
3* 


766 
2*19 
•835 


•0561 


1175-1 
13-91 
i*oi 
171 
11-7 

237-83 


602- 

895- 


-496- 

59* 
88- 
1-08 

-49* 
149 
6-6 


6*40 

**53 
•732 

'359 

•490 

•0806 

256- 

12208* 

8455 
6-31 

-544 

-92 

-216 

8 168 


•4* 

70**59 
8959- 
15056- 
584 

*3445" 
22373- 

ll'OI 

373*9* 

"3* 

8414- 

4185 
6187- 
8541* 

10-05 
1^965- 

307* 
311- 

—183- 

165- 

6r 

62. 

-56. 

33* 
98 

»*3 


6-50 
2*56 
•740 
•419 

*579 

•0778 
156- 
15383- 
7488 
11-31 
0-13 

O'll 

91- 

85*37 

•31 
409 
376- 

8475* 
41-66 

6255- 

9007* 
20-47 
17482 

46' 
315* 

33r 
699 

-56*99 

5**5 
558 
1-16 


-9*49 
9*3 
i-86 
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of  Mr.  Scott  Banell  (Merchant  Screw  Steamers). 


Undine. 

Ceylon. 

Colombo. 

Pent. 

Leonidse. 

Penelope. 

Midge. 

Unoefield. 

500 
246 
•607 
•3*4 

682 
224 

777 
•491 

840 
204 
761 
•4<>9 

712 
2*30 
770 
•426 

697 
375 
•9"7 
•618 

581 

•615 
•4*0 

463 
316 

789 
•529 

6-30 
**47 
737 
•407 

•533 

•631 

537 

"553 

•673 

682 

•670 

•55* 

•i*75 
223- 

•08576 
238. 

677*26 
145 1 

117 

199 
u*4 

•0466 
232- 

9863- 
65578 
1385 

i*39 

2*37 

895 

•0645 
289* 

•0817 
409- 
13006* 
975*10 
1385 
215 
3*66 
5*4* 

•1576 

•1536 

H7* 

5908* 

46702 

14*20 

367 

626 

2*87 

•0829 
2235 
8418* 

7«5* 

1325 

3*5 
5*54 

3*07 

780*07 

11*29 

2*03 

3-46 

4*55 

81756 

1346 

0-91 

i*55 

»37 

15  12 

4**7 
728 

**54 

46*97 

211*42 

17671 

17997 

5807 

13*81 

1662 

50*26 

•30 

•36 

•33 

•30 

•28 

43 

*4» 

"3* 

56223 
2563- 
491** 

37*«4 
3343* 
2866* 

15*80 
777«- 
3*03 

537-22 
6124* 

*5«55- 

6i* 
14240* 
25340- 

2276 
5»95* 
8'3 

99x'34 

8882- 

10910* 

62' 

15136* 

23493- 

21-26 
344o8. 
3'8 

4319* 
555°* 
17226* 

1*' 

14080- 
22176' 

21*24 
39402. 

T 

775*55 

4°43* 
6737* 

34'35 
5438- 
7444* 

1996 
14181* 
3*5 

73179 
1858- 
1727* 
16*10 

933" 

n68* 

1851 
2895- 
i*5 

65117 
1868* 

1807* 

l6'I2 

73* 
818* 

1715 
2625* 

i'4 

154*'47 

4735* 

3788* 

3320 
3851. 
3851. 

1706 

7639- 
1*6 

48-9 
i4*9 

1069* 

1048* 

185* 

—261* 

421* 

908* 

148' 

5"- 

528- 

856* 

in* 

-8r 

H4* 

270* 

943 
-268 

58' 
39*3 

383 
-42* 

5-5' 

*5"5 

29-8 
-113 

117- 
1*9*4 
769 
-113* 

V 

5*' 

5>* 

9* 

27* 
9*6 

37' 
6o* 
7'8 

71* 

79' 
27* 

62* 
4** 

56* 

*5'5 

298 

58' 

597 

38*4 

1 

—  12. 

3*3 

9* 
16 

-57 

-78" 
12*04 

3"5 

-45* 

-n*3 

-56* 
5*6 
3*3*5 

3*6 

28 

1868. 


Digitized  by 


Google 


X80 


WPQET— 1868. 


TABLE  C. — The  quantities  in  the  following  Table  have  been  calculated  in  order 

shape  might  have  possessed  a  middlebody,  a  forebody,  and  corresponding 

of  fineness  of  ends,  -5  L+-5  Z"  +  -19635  B=r  L  for  finding  the  length  of 
placement.  Also  a  coefficient  of  diminished  resistance  has  been  calculated 
giving  the  length  of  bow  as  belonging  to  the  speed. 


Name  of  Ship. 


Length 
ship. 


1 


43 


II 

-I 


I 

fl 


o 

ll 


Anglia    

Admiral 

Cambria 

„      lengthened 

Callao 

Valparaiso 

Lima 

Bogota  

Scotia 

Telegraph  ..t 

Mersey  

Dejta 

AtBato    

Shannon 

Paramatta 

John  Perm    

Lcinster 

Midge 

Penelope    

Loncefield 

Macgregor  Laird  .. 

Guayaquil 

Maurocordato   

Colombo    

Pefa   

Ceylon    ,, 

Tasmanian     

Vulcan   


feet. 
187-83 

2IO* 

19775 
237' 

23*" 
232- 
25I- 

250* 
I92-57 

2438 

254-42 

308* 

336*5 

33013 

329*42 

»7«75 

3^7* 

5875 

74*33 
*45* 
245* 
>95" 

221* 
3I3- 
300- 
300- 

332- 
160- 


feet 
917472 
98  604 
68058 
847992 
1 1273 
118*87 
121-224 
110-976 
86238 

79*93* 
103-188 
136-404 
176*592 
139746 
138*132 

169*644 

26*266 

33018 

83376 

106-824 

105384 

87228 

182724 

159*072 

*57*5 
161-916 
90*840 


feet 
84- 


162* 


172- 
285 

62- 


158* 

140- 

164* 

8o- 


feet 
611648 
65736 
45*372 
565328 
7516 

79IK 
80-816 

73984 

57*492 

53288 

68-792 

90-936 

1 17728 

93#i64 
92088 
61*156 
113-086 
17-484 

22*OI 

55584 
7I'2l6 
70*256 
58152 

122*816 
106*048 

105- 
107944 

60-560 


feet 

72- 


163- 


?55* 

^7*5 

75* 


142- 

460- 

156- 

8o* 


feet. 

34*9«8 

4566 

84-32 

95668 

44-n 

33*88 

4896 

6504 

48-8** 
110-58 

82-44 

8o*6t 

4218 

97-22 

99*20 

18-86 

44-26 

1504 

1930 

6-04 
66*96 
1936 
75-62 

846 
3488 

37*5 
62*14 
8-6o 


feet 
54* 


tons. 

244* 

30144 

19552 

242-3 

45092 

522*72 

522-99 

47878 

23268 

256-61 

38474 
779*42 

13572 

1209- 

1196-14 
129-73 

799*93 
1498 

67144 
42855 
553*27 
1352-1 
1345*2 
13095 
1334-6 
72-67 


1  knot  =  1151 

Where  the  coefficient  of  fineness  of  ends  is  less  than  -5,  no  length  of  middle- 
body  is  possible.  This  is  the  case  with  the  '  San  Carlos/  where  the  coefficient  of 
fineness  of  ends  is  equal  to  -4907,  and  I"  becomes  negative ;  also  with  the 
'  Thunder,'  where  \he  coefficient  of  fineness  of  ends  is  equal  to  -4264,  the  smallest 
coefficient  yet  obtained.     This  Table  has  expressly  been  prepared   to  show  that 
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to  show  how  shape  might  havo  heen  economized,  and  how  each  vessel  of  entire 

afterbody.     The  formulae  used  for  tho  calculations  are  r=  T       _  for  the  coefficient 

Lx$ 

the  middle  body,  and  -5  7® +  '5  /'©  +  -HUMS  B©  +  T©  for  testing  the  dis- 
bclonging  to  the  length  of  bow  thus  found ;   further,  a  column  has  been  added 


Displacement  of 
virtual  afterbody. 

Displacement  of 
virtual  middle- 
body. 

J 

.2! 

SB 
>  a 

Actual  displace- 
ment. 

Coefficient  of  fine- 
ness of  rirtual  after- 
body. 

III 

3  3  3 

Speed 
of  ship. 

it 

t   • 

'  1 

Speed,  ! 
in  statute 
miles. 

tons. 

tons. 

tons. 

tons. 

knot**. 

189' 

185* 

618* 

620 

•5806 

•0812 

1296 

95*5 

1503 

23936 

279*17 

81997 

820 

5969 

•1053 

12- 

82* 

1392 

i59"8i 

48447 

839*8 

840 

•6130 

1476 

»•■ 

84*57 

141J 
1418 

190*89 

54674 

97995 

980 

•5905 

•0951 

12*23 

85*33 

34619 

35288 

1149*99 

1 1 50 

'5757 

•0661 

129 

9?' 

1496 

39881 

298-24 

121997 

1220 

•5718 

•o595 

11*53 

76* 

13*37 

39948 

42245 

134492 

1345 

5734 

•0612 

12* 

82* 

1392 

37008 

561*20 

1410*06 

1410 

'5797 

•0731 

125 

89*08 

14*50 

183-63 

26331 

679*62 

680 

'59*4 

•0980 

1361 

105*5 

15*78 

206*54 

70992 

1173*07 

1173 

•6037 

•1241 

1323 

ioo* 

15*34 

300*42 

614-76 

1299*92 

1300 

•5856 

•08A5 
•0667 

12288 

8592 

14**5 

59872 

92182 

2299*96 

2300 

•5761 

1467 

122* 

17*01 

1028*32 
945*6 

648*36 

3037*88 
304803 

3034 

•5232 

0536 

13771 

107*67 

15*97 

1683* 

3840 

•5862 

0991 

13898 

HO* 

l6'I2 

9461 

1718* 

3860*1 

3862 

*593* 

•01003 

13*906 

HO* 

16*13 

96*90 

53*34 

27997 

280 

•5601 

0417 

153 

I3I-5 

1774 

59790 

417*3 

1815*13 

1815 

•5659 

•0425 

1628 

148* 

1888 

1283 

1718 

44*99 

45 

•6421 

•2333 

10*53 

63S 

12*21 

12*76 

18*19 

4651 

465 

'6148 

•1491 

1085 

«r 

12*58 

1449 1 

27*09 

359* 

359 

•5811 

•0761 

96 

53* 

11*13 

521*69 

84178 

203491 

2035 

•5827 

•0788 

9*5 

sr 

11*02 

304*70 

14381 

839*92 

840 

•5838 

•0810 

12* 

1392 

450*42 

9614 

1965*09 

1963 

•6105 

•1409 

ii-io 

71* 

12*98 

1017*03 

125*20 

2494* 

2487 

*5595 

•04' 5 

12*46 

885 

14*45 

io36;6o 

589*97 

297177 

2972 

*5779 

•0699 

12556 

89*5 

1456 

1006*86 

623*57 

2939*93 

2940 

•5766 

•0677 

13*34 

101*16 

15*47 

IOl6'OT 

1024*4 

3375*01 

3375 

•5709 

•0580 

14*25 

115*92 

1653 

53-56 

1376 

13999 

140 

•55*7 

•0321 

14*5 

"9*5 

1682 

statute  miles. 


even  the  virtual  length  of  forebody,  answering  to  the  given  displacement,  is  in 
most  cases  even  longer  than  tho  length  of  forebody  as  required  for  speed ;  and 
that,  therefore,  in  very  few  cases  the  ratio  in  which  the  actual  length  of  afterbody 
is  less  than  least  proper  length  as  required  for  speed  can  be  calculated. 


l2 
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Table  D. — Girths  of  Midship  section  as  measured  from  the  lines  of  the 

Ships. 


Name. 

Girth,  in 
feet. 

Draft= 

breadth, 

multiplied  by 

ooefficient. 

B+2d 

multiplied  bj 

coefficient. 

Coefficient 

of  fineness 

of  midship 

Section. 

Paddle  or 
screw. 

Scotia 

8o- 

66- 

55*5 

59* 

5»* 

58* 

6i-5 

I7'5 

7«# 
66- 

49I 
3284 

n6- 

72- 

3* 
48- 
30- 

22' 

72- 

44" 
22*67 

5*' 
86- 
89- 

•469 

•5*9 
'421 

•487 

438 
.440 

•436 
•469 
•414 

•476 

•357 
•407 

•34* 
•381 
•440 
'242 
•180 
•237 
'444 
•344 
'282 

•335 

•448. 

•429 

•879 
'868 
•816 
•796 
•800 

743 
•798 
756 

•783 
'842 
•846 
•825 
•808 

•843 
782 
'808 
•923 
•941 
•846 
•847 
'814 

743 

•778 
•788 
'824 

*9644 
•0225 

•8338 
•75H 
7565 
•7718 

•7780 
.9038 
•9078 

7479 
•6072 
•8614 
-8281 
•8399 

•7025 
•7903 

•8C64 
•8651 

Paddle. 

Screw. 

Screw, 

Screw. 

Paddle. 

Screw. 

Screw. 

Screw. 

Screw. 

Screw. 

Screw. 

Paddle. 

Screw. 

Both. 

Screw. 

Screw. 

Paddle. 

Paddle. 

Paddle. 

Paddle. 

Screw. 

Screw. 

Paddle. 

Screw. 

Screw. 

Hibernia    

0-tiienne............... 

Tigre 

Delta  

Pera  

Bremen  

Nubia 

Ceylon    

Anfttralaftian  . .  x    ^ 

Douro 

Leinster 

Undine  .,.:.... 

Great  Eastern    

Ghreat  Britain 

European   

Hope 

Iona   

Queen  of  the  Orwell 
Persia 

H.M.  Rattler 

Fire  Queen 

H.M.  Victoria  and 
Albert 

H.M.  Warrior 

H.M.  Achilles  

It  is  evident  that  great  judgment  must  be  used  in  using  these  Tables,  and 
to  select  the  same  class  of  steamer. 
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Example  of  Analysis  of  the  Royal  Mail  Paddle  Steamer  '  Atrato,9 
according  to  Professor  Mankinds  method. 

1.  L,  length  on  load  water-line,  in  feet 336*5 

2.  G,  mean  immersed  girth,  in  feet,  as  calculated 

from  the  girths  at  twenty-five  equidistant 
cross-sections  by  Simpson's  multipliers    . .     52 
The  girths  are  measured  for  the  purpose  of  calculating  an  integral,  viz. 

IG'c&r,  where  G'  is  any  girth,  and  cLv  an  element  of  the  length ;  the  use  of 

Simpson's  multipliers  gives  a  more  accurate  value  of  the  true  mean  girth, 
than  is  given  by  merely  adding  together  the  girths  and  dividing  by  their 
number.  In  practice,  however,  where  the  cross-sections  are  very  numerous, 
there  is  scarcely  any  difference  between  the  ordinary  arithmetical  mean 
and  the  mean  as  found  by  Simpson's  multipliers.  Where  there  are  few 
cross-sections,  the  use  of  Simpson's  multipliers  becomes  necessary. 

3.  0,  area  of  immersed  midship  section,  in  square  feet 653. 

4.  m,  ratio  in  which  virtual  length  of  afterbody  is  less  than  least  proper 
length  for  speed  by  the  wave  theory. 

5.  m\  ratio  in  which  virtual  length  of  forebody  is  less  than  length  of  soli- 
tary wave  for  speed  by  the  wave  theory. 

The  virtual  lengths  here  referred  to  are  those  deduced  from  the  displace- 
ment and  dimensions  by  Mr.  Scott  Russell's  method ;  that  is  to  say,  the 
lengths  of  wave-line  afterbody  and  forebody,  which  would  give  the  same 
displacement. 

These  two  quantities  are  to  be  calculated  only  when  less  than  1 ;  for 
when  equal  to  orxgreater  than  1,  they  have  no  influence  on  the  results. 

6.  y*,  mean  of  squares  of  sines  of  angles  of  obliquity  of  stream-lines  of 


1  thus : — 

Sines  of 

Squares  of 

Water-lines. 

obliquity. 
•0871 

sines. 

1 

. .  • 

•0075 

2 

•1391 

r   .    •   . 

•0193 

3 

•1736 

»   .    •   . 

•0301 

4 

•2079 

•    •  . 

•0432 

5 

•2588 

•    •   . 

•0669 

6 

•3090 

r    •    •    . 

•0954 

LWL      . . . . 

•4067 

Sum 

•1654 

•4278 

Mean  -0611  = 
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7.  /3s,  mean  of  squares,  and  fi*9  mean  of  fourth  powers,  of  sines  of  angles 
of  obliquity  of  streamlines  of  forebody  at  their  points  of  inflexion. 
Calculated  thus : — 


Sines  of 

Squares  of 

4th  power 

Water-lines. 

obliquity. 

sines. 

of  sines. 

1 

•0871 

•0075 

•000057 

2 

•1391 

'0193 

•000374 

3 

4736 

'0301 

•000908 

4 

•2079 

•0432 

•001868 

5 

•2419 

•0585 

•003424 

6 

•2588 

•0669 

•004486 

LWL      ... 

•2923 

Sums 

•0854 

•007299 

•3109 

•018416 

Means 

•0444=/32  .  * . . 

•002631=/$* 

6  and  7  should  be  measured  upon  normal  lines  if  possible.  In  the  present 
case  the  angles  have  been  measured  upon  water-lines,  as  shown  in  the  half- 
breadth  plan. 

8.  A,  augmented  surface  in  square  feet=LG  (l+4/3*+j34), 


or 


£ogL  = 

LogG 
Logl+4/3»+/3*     = 


2-5269851 
17160033 
0-0719556 


Natfn' 


4-3149440 
=    20651*= augmented  surface. 


The  factor  l+4/J9+/3l  is  called  the  "  coefficient  of  augmentation." 


9.  Ar,  correction  of  augmented  surface,  in  square  feet,  or  560/©  VI— m%* 
This  quantity  disappears  in  the  present  oase ;  because  m  >  1 ;  and  it  has 
to  be  calculated  for  those  vessels  only  in  which  the  afterbody  is  too  short 
for  the  speed. 


10.  Coefficient  of  propulsion  (A+y_xY>«  18211, 

l.xL.Jr. 


The  meaning  of  the  term  "  Augmented  Surface  "  is  explained  by  the  fol- 
lowing extract  from  tho  *  Transactions  of  the  Institution  of  Naval  Archi- 
tects/ vol.  v.  1864 : — -"  The  resistance  to  the  motion  of  tho  ship,  due  to  the 
production  of  frictional  eddies,  by  a  given  portion  of  her  skin,  is  the  product 
of  tho  following  faotore : — 

"  I.  The  area  of  the  portion  of  the  skin  in  question. 

"  II.  The  cube  of  the  ratio  which  the  velocity  of  gliding  of  the  particles  of 
water  over  that  area  bears  to  the  speed  of  the  ship,  being  a  quantity  depend- 
ing on  the  figure  of  tho  ship  and  tho  position  of  the  part  of  her  skin  under 
consideration, 

u  III,  The  height  due  to  the  ship's  speed,  that  is  (in  feet), 

(speed  in  foot  per  second)2         (speed  in  knots)2 
04-4  ■  °r  226  ' 
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"  IV.  The  heaviness  (or  weight  of  an  unit  of  volume)  of  the  water  (64  lbs. 
per  cubic  foot  of  sea- water). 

"  Y.  A  factor  called  the  coefficient  of  friction,  depending  on  the  material 
with  which  the  ship's  skin  is  coated,  and  its  condition  as  to  roughness  or 
smoothness. 

"  The  sum  of  the  products  of  the  factors  I.  and  II.  for  the  whole  skin  of  the 
ship  is  called  her  augmented  surface ;  and  the  eddy-resistance  of  the  whole 
ship  may  therefore  be  expressed  as  the  product  of  the  augumented  surface  by 
the  factors  III.,  IV.,  and  V.,  above  mentioned.? 

The  "  coefficient  of  propulsion  "  may  be  defined  as  the  number  of  square 
feet  of  augmented  surface  which  are  driven  at  one  knot  by  one  indicated 
horse-power. 
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TABLE  £.— Performance  of  Ships, 


Displacement  in  tons  of  35  cubic  ft 

H.M.S. 
Lily*. 

H.M.S. 
Eclipse. 

H.M.S. 
Dwarf. 

H.M.S. 
Imperieuse. 

H.M.S. 
Warrior. 

634' 

625* 

98- 

3°44' 

8997- 

Length  on  load-water-line,  in  feet 

is5- 

185- 

126*5 

212* 

380- 

Mean  immersed  girth,  in  feet 

31*80 

30* 

17" 

6124 

763 

Area  of  immersed  midship  sec-1 
tion,  in  square  feet j 

200* 

198' 

44' 

688* 

1230* 

Speed  of  ship,  in  knots  per  hour... 

IO* 

ii* 

10*537 

lO'III 

H'35-5 

Indicated  horse-pow cr 

4741 

838-4 

216* 

11998 

5469- 

Ratio  in  which  rirtual  length  of  ] 
afterbody   is   less   than    least  1 
proper  length  as  required  for  [ 
speed  by  wave  theory    J 

Ratio  in  which  virtual  length  of  ^| 
forebody  is  less  than  least  pro-  | 
per  length  as  required  for  speed  i 
by  wave  theory  J 

... 

... 

... 

... 

... 

Mean  of  squares  of  sines  of  angles  "1 
of  obliquity  of  stream  lines  of  1 
afterbody  at  their  points  of  in-  j 
flexion J 

•0878 

•0878 

•0240 

"*534 

•2586 

Mean  of  squares  of  sines  of  angles  *] 
of  obliquity  of  stream  lines  of 
forebody  at  their  points  of  in- 
flexion  a 

•04318 

•04318 

•0199 

•2721 

•0528 

Coefficient  of  augmentation 

1-1749 
691 19 

1*1749 
6520* 

1*0802 

2*1968 
28562* 

1275 
36976* 

Augmented  surface,  in  square  feet. 

2323- 

Correction  of  augmented  surface. . . 

... 

... 

... 

Coefficient  of  propulsion 

'4579* 
1557 

10351- 
ii6*i 

12581* 
115-13 

24607* 
i8i* 

20950* 
234* 

Speed3  X  Displacement  f-rl.H.P. 

In  the  above  Table  five  wooden  copper-sheathed  ships  have  been  inserted,  viz. 
the  'lily/  'Eclipse/  'Imperieuse/  'Vectis/  and  '  Victoria"  and  Albert/ 


*  Half-boiler  power, 
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analyzed  by  Professor  Rankino's  method. 


H.M.8. 
Achilles. 

Undine. 

Leinster. 

Atrato. 

Tasma- 
nian. 

Midge. 

Great 
Eastern. 

Lanoefield. 

... 

294/ 

1675* 

3979' 

3760* 

45' 

20250- 

359' 

38c 

125* 

327- 

336'5 

332- 

5875 

68o* 

H5" 

77-4- 

309 

40*18 

5*' 

52*52 

11-18 

80. 

2764 

1312. 

154*33 

330. 

653* 

666. 

40- 

1678- 

157- 

14*322 

9*26 

16-28 

11*22 

io-C'7 

10*53 

1428 

about  9*6 

57*4' 

157-09 

4160* 

2207*98 

1442*19 

ioo- 

8256- 

about  200' 

... 

,.. 

... 

... 

... 

•63 

... 

... 

... 

... 

•46 

•2637 

•0653 

•0302 

•o6l  I 

•0382 

•0884 

•0318 

•0662 

•0295 

•0142 

•0444 

•0363 

•0851 

•0225 

1*2701 

1*1191 

'•057 

I*l8oi 

1*1468 

1349 

1*0905 

1*165 

37366. 

4322-5 

1388777 

20651* 

19541- 

88605 

1538. 

593*3' 

4450- 

19172- 

21848* 

14404. 

I32II  • 

16461* 

28303- 

20923. 

about  19700* 

223- 

i54'3 

1606 

210*5 

J47* 

263. 

2235 
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TABLE  E  (continued). — Performance  of  Ships, 


Yectis. 

Lyons  and 
Orleans. 

Scotia. 

Jason* 
(screw). 

Sea-King* 
(screw). 

Admiral 
(paddle). 

Displacement  in  tons 
of  35  feet 

\      - 

1730- 

1830- 

825- 

Length  on  load-water- ' 
line,  in  feet   m 

■      **7'5 

18975 

362*42 

208' 

220*  , 

210* 

Mean  immersed  girth, ' 
in  feet    

33-11 

20-82 

675 

43*43 

4192 

3«*43 

Area  of  immersed  mid- " 
ship      section,      in 
square  feet J 

1      **♦ 

no- 

95o- 

4°4* 

376- 

... 

Speed  of  ship,  in  knots ' 
per  hour    

f        " 

152 

139 

106 

10*82 

12* 

Indicated  horse-power. 

.1       i3'oo 

no8- 

495o* 

875- 

8oo- 

744* 

Ratio  in  which  virtual N 
length  of  afterbody 
is    less    than    least 
proper  length  as  re- 
quired for  speed  by 
wave  theory*    , 

•           ... 

•81 

... 

Ratio  in  which  virtual ' 
leneth  of  forebody 
is   less    than    least 
proper  length  as  re- 
quired for*  speed  by 
wave  theory*   , 

► 

•81 

Mean    of   squares   of> 
sines   of   angles  of 
obliquity  of  stream- 
lines of  afterbody  at 
their  points  of  in- 
flexion     j 

•0765 

•0312 

... 

Mean    of   squares   of' 
sines  of  angles    of 
obliquity  of  stream- 
lines of  forebody  at 
their  points  of  in- 
flexion     ) 

•02744 

•0105 

•0441 

Coefficient  of  augmen- " 
tation 

11 106 

1-0423 

1-1786 

163 

1-336 

1-7.97 

Augmented  surface  in" 
square  feet    , 

•  8365- 

41 16' 

28405- 

14758* 

12530- 

8560- 

Correction    of     aug- " 
merited  surface m 

\      ••• 

1134- 

... 

... 

Coefficient  of  propulsiot 

1  ^2644- 

'6543* 

15411- 

20088- 

19844- 

19881* 

Speed3  xDisp.JK         1 
I.H.P J 

r,     - 

... 

196- 

237- 

206' 

*  Information  given  bv 
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analyzed  by  Professor  Eankine's  method. 
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Black  Swan 
(screw). 

H.M.S. 

PVury 

(screw). 

Vulcan 
(paddle). 

Queen  of  the 

Orwell 

(paddle). 

H.M.S. 

Yictoriaand 

Albert 

(paddle). 

Neptune 
(paddle). 

Colombo 
(screw). 

S'lannon 
(paddle). 

1670* 

168' 

140* 

155' 

1980* 

212' 

2487- 

3840* 

*44* 

144* 

160* 

166* 

300* 

198* 

3*3* 

330* 

40* 

»9' 

H75 

1656 
6r 

40* 

: 

445 
518* 

547 
606* 

12* 

133*4 

H5 

15*065 

16827 

*7'43 

12*46 

13898 

97o- 

364* 

412* 

655i* 

2980* 

1316* 

1528* 

2928*5 

... 

... 

... 

0*71 

... 

0-7  nearly. 

... 

.;. 

0*67 

... 

0*7  nearly. 

0*0723 
00413 

o*o686 
0*0499 

1*2 

1123 

1-0715 

1-0704 

I*I02 

1168 

1*203 

11760* 

3072- 

2572* 

2982* 
967* 

I3224- 

3965* 
1127* 

16268* 

21716* 

20950* 

19960* 

190-34- 

20500' 

21  143* 

20500* 

20595* 

19907* 

25I- 

198- 

203-5 

151- 

252-6 

*43' 

228- 

224*6 

Messrs.  A,  and  J.  Inglis, 
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On  the  Results  of  Spectrum  Analysis  as  applied  to  the  Heavenly  Bodies; 
a  Discourse  delivered  before  the  British  Association  at  Nottingham, 
on  August  24,  1866.  By  William  Huggins,  F.R.S.,  Hon.  Sec.  to 
the  Royal  Astronomical  Society. 

(Abstract*.) 
[Plates  III.  IV.] 

The  speaker  commenced  with  a  few  preliminary  remarks  on  the  importance 
to  Astronomy  of  the  analysis  of  light  by  the  prism.  The  researches  of 
Kirchhoff  have  placed  in  the  hands  of  the  astronomer  a  method  of  analysis 
which  is  specially  suitable  for  the  examination  of  the  heavenly  bodies.  So 
unexpected  and  important  are  the  results  of  the  application  of  spectrum 
analysis  to  the  objects  in  the  heavens,  that  this  method  of  observation  may 
be  said  to  have  created  a  new  and  distinct  branch  of  astronomical  science. 

Physical  Astronomy,  the  imperishable  and  ever-growing  monument  to  the 
memory  of  Newton,  may  be  described  as  the  extension  of  terrestrial  dyna- 
mics to  the  heavens.  It  seeks  to  explain  the  movements  of  the  celestial 
bodies  on  the  supposition  of  the  universality  of  an  attractive  force  similar  to 
that  which  exists  upon  the  earth. 

The  new  branch  of  astronomical  science  which  spectrum  analysis  may  be 
said  to  have  founded,  has  for  its  object  to  extend  the  laws  of  terrestrial 
physics  to  the  other  phenomena  of  the  heavenly  bodies,  and  it  rests  upon  the 
now  established  fact  that  matter  of  a  nature  common  to  that  of  the  earth, 
and  subject  to  laws  similar  to  those  which  prevail  upon  the  earth,  exists 
throughout  the  stellar  universe. 

The  peculiar  importance  of  KirchhofFs  discovery  to  astronomy  becomes 
obvious,  if  we  consider  the  position,  in  which  we  stand  to  the  heavenly  bodies. 
Gravitation  and  the  laws  of  our  being  do  not  permit  us  to  leave  the  earth,  it 
is  therefore  by  means  of  light  alone  that  we  can  obtain  any  knowledge  of  the 
grand  array  of  worlds  which  surround  us  in  cosmical  space.  The  star-lit 
heavens  is  the  only  chart  of  the  universe  we  have,  and  in  this  luminous 
chart  each  twinkling  point  is  the  sign  of  an  immensely  vast,  though  distant 
region  of  activity. 

Hitherto  the  light  from  the  heavenly  bodies,  even  when  collected  by  the 
largest  telescopes,  has  conveyed  to  us  but  very  meagre  information,  and  in 
some  cases  only  of  their  form,  their  size,  and  their  colour.  The  discovery  of 
Kirchhoff  enables  us  to  interpret  symbols  and  indications  hidden  within  the 
light  itself,  which  furnish  trustworthy  information  of  the  chemical,  and  also 
to  some  extent  of  the  physical  condition  of  the  excessively  remote  bodies 
from  which  the  light  has  emanated. 

Newton  found  that  when  white  light  is  made  to  pass  through  a  prism  of 
glass  it  is  decomposed  into  the  beautiful  colours  which  are  seen  in  the  rain- 
bow. These  colours,  when  they  are  in  this  way  separated  from  each  other, 
form  the  Spectrum  of  the  light. 

About  a  century  later  Wollaston  and  Fraunhofer  made  the  discovery  that 
when  the  light  of  the  sun  is  decomposed  by  a  prism,  the  rainbow  colours 
which  form  its  spectrum  are  not  continuous,  but  are  interrupted  by  a  large 
number  of  dark  lines.  These  lines  of  darkness  are  the  symbols  which  indi- 
cate the  chemical  constitution  of  the  sun.  It  was  not  until  recently,  in  the 
year  1859,  that  Kirchhoff  taught  us  the  true  nature  of  these  lines.  He  him- 
self immediately  applied  his  method  of  interpretation  to  the  dark  lines  of  the 

*  Communicated  by  the  lecturer  in  conformity  with  a  Resolution  of  the  General  Com- 
mittee at  Norwich,  1868. 
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solar  spectrum,  and  was  rewarded  by  the  discovery  that  several  of  the  che- 
mical elements  which  exist  upon  the  earth,  are  present  in  the  solar  atmo- 
sphere. 

The  speaker  stated  that  it  was  his  intention  on  this  occasion  to  bring  before 
the  Association  the  results  of  the  extension  of  this  method  of  analysis  by  the 
prism  to  the  heavenly  bodies  other  than  the  sun.  These  researches  have  been 
carried  on  in  his  Observatory  during  the  last  four  years.  In  respect  of  a 
large  part  of  these  investigations,  viz.  those  of  the  moon,  the  planets,  and 
fixed  stars,  he  has  had  the  great  pleasure  of  working  conjointly  with  the 
very  distinguished  chemist  and  philosopher  Dr.  W.  Allen  Miller,  Treas.  U.S. 

The  speaker  then  referred  to  the  principles  of  spectrum  analysis  upon 
which  their  interpretation  of  the  phenomena  observed  in  the  spectra  of  the 
heavenly  bodies  was  based,  stating  that  spectra  may  be  arranged  under 
three  orders. 

1.  The  special  character  which  distinguishes  spectra  of  the^r**  order  con- 
sists in  that  the  continuity  of  the  coloured  band  is  unbroken  either  by  dark 
or  bright  lines.  We  learn  from  such  a  spectrum  that  the  light  has  been 
emitted  by  an  opake  body,  and  almost  certainly  by  matter  in  the  solid  or 
liquid  state.  A  spectrum  of  this  order  gives  to  us  no  knowledge  of  the  che- 
mical nature  of  the  incandescent  body  from  which  light  comes. 

2.  Spectra  of  the  second  order  are  -very  different.  These  consist  of  coloured 
lines  of  light  separated  from  each  other.  From  such  a  spectrum  we  may 
learn  much.  It  informs  us  that  the  luminous  matter  from  which  the  light 
has  come  is  in  the  state  of  gas.  It  is  only  when  a  luminous  body  is  free 
from  the  molecular  trammels  of  solidity  and  liquidity  that  it  can  exhibit  its 
own  peculiar  power  of  emitting  some  coloured  rays  alone.  Hence  substances 
when  in  a  state  of  gas,  may  be  distinguished  from  each  other  by  their  spectra. 
Each  element,  and  every  compound  body  that  can  become  luminous  in  the 
gaseous  state  without  suffering  decomposition,  is  distinguished  by  a  group  of 
lines  peculiar  to  itself.  It  is  obvious  that  if  the  groups  of  lines  character- 
izing the  different  terrestrial  substances  be  known,  a  comparison  of  these,  as 
standard  spectra,  with  the  spectrum  of  light  from  an  unknown  source,  will 
show  whether  any  of  these  terrestrial  substances  exist  in  the  source  of  the 
light. 

3.  The  third  order  consists  of  the  spectra  of  incandescent  solid  or  liquid 
bodies,  in  which  the  continuity  of  the  coloured  light  is  broken  by  dark  lines, 
These  dark  spaces  are  not  produced'by  the  source  of  the  light.  They  tell 
of  vapours  through  which  the  light  has  passed  on  its  way,  and  which  have 
robbed  the  light  by  absorption  of  certain  definite  colours  or  rates  of  vibra- 
tion ;  such  spectra  are  formed  by  the  light  of  the  sun  and  stars. 

Kirchhoff  has  shown  that  if  the  vapours  of  terrestrial  substances  come 
between  the  eye  and  an  incandescent  body,  they  cause  groups  of  dark  lines, 
and  further,  that  the  group  of  dark  lines  produced  by  each  vapour  is  identi- 
cal in  number  and  in  position  in  the  spectrum  with  the  group  of  bright  lines 
of  which  its  light  consists  when  the  vapour  is  luminous. 

It  is  evident  that  Kirchhoff  by  this  discovery  furnished  us  with  the 
means  of  interpreting  the  dark  lines  of  the  solar  spectrum.  For  this  pur- 
pose it  is  necessary  to  compare  the  bright  lines  in  the  spectra  of  the  light  of 
terrestrial  substances  when  in  the  state  of  gas  with  the  dark  lines  in  the 
solar  spectrum.  When  a  group  of  bright  lines  coincides  with  a  similar 
group  of  dark  lines,  we  know  that  the  terrestrial  substance  producing  the 
bright  lines  is  present  in  tho  atmosphere  of  the  sun.  For  it  is  this  substance, 
and  this  substance  alone,  which  by  its  own  peculiar  power  of  absorption  can 
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produce  that  particular  group  of  dark  lines.     In  tbis  way  Kirchhoff  disco- 
vered the  presence  of  several  terrestrial  elements  in  the  solar  atmosphere. 

Methods  of  Observation. 

The  speaker  then  described  the  special  methods  of  observation  by  which, 
in  their  investigations,  they  applied  these  principles  of  spectrum  analysis  to 
the  light  of  tho  heavenly  bodies.  He  stated  that  several  circumstances  unite 
to  make  these  observations  vory  difficult  and  very  irksome.  In  our  climate, 
on  few  nights  only,  even  of  those  in  which  the  stars  shine  brilliantly  to  the 
naked  eve,  is  the  air  sufficiently  steady  for  these  extremely  delicate  observa- 
tions. Further,  the  light  of  the  stars  is  feeble.  This  difficulty  has  been  met, 
in  some  measure,  by  the  employment  of  a  large  telescope.  Tho  light  of  a  star 
falling  upon  the  surface  of  its  object-glass  of  eight  inches  aperture  is  gathered 
up  and  concentrated  at  tho  focus  into  a  minute  and  brilliant  point  of  light. 

Another  inconvenionco  arises  from  the  apparent  movement  of  the  stars, 
caused  by  tho  rotation  of  the  earth,  which  carries  the  astronomer  and  his 
instruments  with  it.  This  movement  was  counteracted  by  a  movement  given 
by  clockwork  to  the  telescope  in  the  opposite  direction.  In  practice,  how- 
ever, it  is  not  easy  to  retain  tho  image  of  a  star  for  any  length  of  time 
exactly  within  the  jaws  of  a  slit  pnly  tho  ^^  inch  apart.  By  patient 
perseverauce  these  difficulties  have  been  overcome,  and  satisfactory  results 
obtained.  They  considered  that  the  trustworthiness  of  their  results  must 
rest  chiefly  upon  direct  and  simultaneous  comparisons  of  terrestrial  spectra 
witli  those  of  celestial  objects.  For  this  purpose  the  apparatus  which  is  re- 
presented in  fig.  1,  and  fig.  2,  Plate  III.,  was  contrived, 

By  the  outer  tube  c  the  instrument  is  adapted  to  the  eye-end  of  the  tele-i 
scope,  and  is  carried  round  with  it  by  the  clock  motion.  Within  this  outer 
tube  a  second  tube  b  slides  carrying  a  cylindrical  lens,  a.  This  lens  is  for  the 
purpose  of  elongating  the  round  point-like  image  of  the  star  into  a  short  line 
of  light,  which  is  made  to  fall  exactly  within  the  jaws  of  a  narrow  slit,  d. 
Behind  tho  slit,  an  achromatic  lens,  g  (and  at  the  distance  of  its  own  focal 
length),  causes  the  pencils  to  emerge  parallel.  They  then  pass  jnto  two 
prisms,  h,  of  dense  flint  glass.  The  spectrum  which  results  from  the  decom- 
position of  the  light  by  the  prisms  is  viewed  through  a  small  achromatic 
telescope,  1.  This  telescope  is  provided  with  a  micrometer  screw,  q,  by  which 
the  lines  of  the  spectra  may  bo  measured. 

The  light  of  the  terrestrial  substances  which  are  to  be  compared  with  the 
stellar  spectra  is  admitted  into  the  instrument  in  the  following  manner : — 

Over  one  half  of  the  slit  is  fixed  a  small  prism,  e,  which  receives  the  light 
reflected  into  it  by  the  moveable  mirror/  placed  above  the  tube.  The  mirror 
faces  a  clamp  of  ebonite,  r,  provided  with  forceps  to  contain  fragments  of  the 
metals  employed.  These  metals  are  rendered  luminous  in  the  state  of  gas 
by  the  intense  heat  of  the  sparks  from  a  powerful  induction  coil.  The  light 
from  the  spark  reflected  into  the  instrument  by  means  of  the  mirror  and  the 
little  prism  passes  on  to  the  prisms  in  company  with  that  from  the  star.  In 
tho  small  tejescope  the  two  spectra  are  viewed  in  juxtaposition,  so  that  the 
coincidence  and  relative  positions  of  the  bright  lines  in  the  spectrum  of  the 
spark  with  dark  lines  in  the  spectrum  of  star  can  bo  accurately  determined. 

Moon  and  Planets. 

The  speaker  referred  in  a  few  words  only  to  the  spectra  of  the  moon  and 
planets.     Thepo  objects,  unlike  the  stars  and  nebulae,  are  not  original  sources 
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of  light.  Since  they  shine  by  reflecting  the  sun's  light,  their  spectra  re- 
semble the  solar  spectrum,  and  the  only  indications  in  their  spectra  which 
may  become  sources  of  knowledge  to  us  are  confined  to  any  modifications 
which  the  solar  light  may  have  suffered  cither  in  the  atmospheres  of  the 
planets,  or  by  reflection  at  their  surfaces. 

Moon. — On  the  moon  the  results  of  their  observations  have  been  negative, 
The  spectra  of  the  various  parts  of  the  moon's  surface,  when  examined  under 
different  conditions  of  illumination,  showed  no  indication  of  an  atmosphere 
about  the  moon.  The  speaker  also  watched  the  spectrum  of  a  star,  as  the 
dark  edge  of  the  moon  advanced  towards  the  star,  and  then  occulted  it.  No 
signs  of  a  lunar  atmosphere  presented  themselves. 

Jupiter. — In  the  spectrum  of  Jupiter,  lines  are  seen  which  indicate  the 
existence  of  an  absorptive  atmosphere  about  this  planet.  In  fig.  3,  Plate  III. 
these  lines  are  presented  as  they  appeared  when  viewed  simultaneously  with 
the  spectrum  of  the  sky  which,  at  the  time  of  observation  reflected  the  light 
of  the  setting  sun.  One  strong  band  corresponds  with  some  terrestrial  atmo- 
spheric lines,  and  probably  indicates  the  presence  of  vapours  similar  to  those 
which  are  about  the  earth.  Another  band  has  no  counterpart  amongst  the 
lines  of  absorption  of  our  atmosphere,  and  tells  us  of  some  gas  or  vapour 
which  does  not  exist  in  the  earth's  atmosphere. 

Saturn. — The  spectrum  of  Saturn  is  feeble,  but  lines  similar  to  those 
which  distinguish  the  spectrum  of  Jupiter  were  detected.  These  lines  are 
less  strongly  marked  in  the  ansae  of  the  rings,  and  show  that  the  absorptive 
power  of  the  atmosphere  about  the  rings  is  less  than  that  of  the  atmosphere 
which  surrounds  the  ball.  Janssen  has  quite  recently  found  that  several  of 
the  atmospheric  lines  are  produced  by  aqueous  vapour.  It  appears  to  bo 
very  probable  that  aqueous  vapour  exists  in  the  atmospheres  of  Jupiter  and 
Saturn. 

Mars. — On  one  occasion  some  remarkable  groups  of  lines  were  seen  in  the 
more  refrangible  part  of  the  spectrum  of  Mars.  These  may  be  connected 
with  the  red  colour  which  distinguishes  this  planet. 

Venus. — Though  the  spectrum  of  Venus  is  brilliant  and  the  lines  of 
Fraunhofer  were  well  seen,  no  additional  lines  affording  evidence  of  an 
atmosphere  about  Venus  were  detected.  The  absence  of  lines  may  be  due 
to  the  circumstance  that  the  light  is  probably  reflected,  not  from  the 
planetary  surface,  but  from  clouds  at  some  elevation  above  it.  The  light 
which  reaches  us  in  this  way  by  reflection  from  clouds  would  not  have  been 
exposed  to  the  absorbent  action  of  the  lower  and  denser  strata  of  the  planet's 
atmosphere. 

The  Fixed  Stars. 

The  fixed  stars,  though  immensely  more  remote,  and  less  conspicuous  in 
brightness  than  the  moon  and  planets,  yet  because  they  are  original  sources 
of  light,  furnish  us  with  fuller  indications  of  their  nature.  The  telescope 
was  appealed  to  in  vain,  for  in  the  largest  instruments  the  stars  remain 
diskless — brilliant  points  merely. 

The  stars  have,  indeed,  been  represented  as  suns,  each  upholding  a  dependent 
family  of  planets.  This  opinion  rested  upon  a  possible  analogy  alone.  It  was 
not  more  than  a  speculation.  T\re  possessed  no  certain  knowledge  from 
observation  of  the  true  nature  of  those  remote  points  of  light.  This  long  and 
earnestly  coveted  information  is  at  last  furnished  by  spectrum  analysis.  "We 
are  now  able  to  read  in  the  light  of  each  star  some  indications  of  its  nature. 
The  speaker  referred  to  two  bright  stars  which  had  been  examined  with 
great  care.     The  spectra  of  these  stars  are  represented  in  Plate  IV. 
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The  upper  one  represents  the  spectrum  of  Aldebaran,  and  the  other  that 
of  Betelgeux,  the  star  marked  a  in  the  constellation  of  Orion. 

The  positions  of  all  these  dark  lines,  about  eighty  in  each  star,  were 
determined  by  careful  and  repeated  measures.  These  measured  lines  form 
but  a  small  part  of  the  numerous  fine  lines  which  may  be  seen  in  the  spectra 
of  these  stars. 

Beneath  the  spectrum  of  each  star  are  arranged  the  bright  lines  of  the 
metals  which  have  been  compared  with  it.  These  terrestrial  spectra  appeared 
in  the  instrument,  as  they  are  represented  in  the  diagram,  in  juxtaposition 
with  the  spectrum  of  the  star.  By  such  an  arrangement  it  is  possible  to 
determine  with  great  accuracy  whether  or  not  any  of  these  bright  lines 
actually  coincide  with  any  of  the  dark  ones. 

The  results  on  these  stars  are  given  in  the  following  Table : — 


Elements  compared  with 
Aldebaran. 

Coincident. 

1.  Hydrogen  with  lines  0  and  F. 

2.  Sodium  with  double  line  D. 

3.  Magnesium  with  triple  line  b. 

4.  Calcium  with  four  hues. 

5.  Iron  with  four  lines  and  E. 

6.  Bismuth  with  four  lines. 

7.  Tellurium  with  four  lines. 

8.  Antimony  with  three  lines. 

9.  Mercury  with  four  lines. 

Not  coincident. 
Nitrogen  compared  with  three  lines. 


Cobalt 

Tin 

Lead 

Cadmium 

Barium 


two  lines, 
five  lines, 
two  lines, 
three  lines, 
two  lines, 
one  line. 


Elements  compared  with 
Betelgeux. 

Coincident 

1.  Sodium  with  double  line  D. 

2.  Magnesium  with  triple  line  b. 

3.  Calcium  with  four  lines. 

4.  Iron  with  three  lines  and  E. 

5.  Bismuth  with  four  lines. 

6.  Thallium  (?). 

Not  coincident. 
Hydrogen  compared  with  C  and  F. 


Nitrogen 

Tin 

Lead 

Gold  (?). 

Cadmium 

Silver 

Mercury 

Barium 

Lithium 


three  lines. 

five  lines. 

two  lines. 

three  lines, 
two  lines, 
four  lines, 
two  lines, 
one  line. 


Now,  in  reference  to  all  these  elements,  the  evidence  does  not  rest  npon 
the  coincidence  of  one  line,  which  would  be  worth  but  little,  but  upon  the 
coincidence  of  a  group  of  two,  three,  or  four  lines,  occurring  in  different 
parts  of  the  spectrum.  Other  corresponding  lines  are  probably  also  present, 
but  the  faintness  of  the  star's  light  limited  the  comparisons  to  the  stronger 
lines  of  each  element. 

What  elements  do  the  numerous  other  lines  in  the  star  represent?  Some 
of  them  are  probably  due  to  the  vapours  of  other  terrestrial  elements  which 
we  have  not  yet  compared  with  these  stars.  But  may  not  some  of  these 
lines  be  the  signs  of  primary  forms  of  matter  unknown  upon  the  earth? 
Elements  new  to  us  may  here  show  themselves,  which  form  large  and 
important  series  of  compounds,  and  therefore  give  a  special  character  to  the 
physical  conditions  of  these  remote  systems.  In  a  similar  manner  the  spectra 
of  terrestrial  substances  have  been  compared  with  several  other  stars. 

/J  Pegasi  contains  sodium,  magnesium,  and  perhaps  barium. 
Sirius  contains  sodium,  magnesium,  iron,  and  hydrogen. 
a  Lyrae  (Vega)  contains  sodium,  magnesium,  iron. 
Pollux  contains  sodium,  magnesium,  iron. 

About  sixty  other  stars  have  been  examined,  all  of  which  appear  to  have 
some  elements  in  common  with  the  sun  and  earth,  but  the  selective  grouping 
of  the  elements  in  each  star  is  probably  peculiar  and  unique. 
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A  few  stars,  however,  stand  out  from  the  rest,  and  appear  to  be  charac- 
terized bj  a  peculiarity  of  great  significance.  These  stars  are  represented  by 
Betelgeux  and  fi  Pegasi.  The  general  grouping  of  the  lines  of  absorption  in 
these  stars  is  peculiar,  but  the  remarkable  and  exceptional  feature  of  their 
spectra  is  the  absence  of  the  two  lines  which  indicate  hydrogen,  one  line  in 
the  red,  and  the  other  in  the  green.  These  lines  correspond  to  Fraunhofcr's 
C  and  F.  The  absence  of  these  lines  in  some  stars  shows  that  the  lines 
C  and  F  are  not  due  to  the  aqueous  vapour  of  our  atmosphere. 

It  is  worthy  of  consideration  that  the  terrestrial  elements  which  appear 
most  widely  diffused  through  the  host  of  stars  aro  precisely  some  of  those 
which  are  essential  to  life,  such  as  it  exists  upon  the  earth,  namely,  hydro- 
gen, sodium,  magnesium,  and  iron.  Besides,  hydrogen,  sodium,  and  magne- 
sium represent  the  ocean,  which  is  an  essential  part  of  a  world  constituted 
like  the  earth. 

We  learn  from  these  observations  that  in  plan  of  structure  tho  stars,  or  at 
least  tho  brightest  of  them,  resemble  the  sun.  Their  light,  like  that  of  tho 
sun,  emanates  from  intensely  white-hot  matter,  and  passes  through  on  atmo- 
sphere of  absorbent  vapours.  With  this  unity  of  general  plan  of  structure, 
there  exists  a  great  diversity  amongst  the  individual  stars.  Star  differs 
from  star  in  chomical  constitution.  May  we  not  believe  that  tho  individual 
peculiarities  of  each  star  are  essentially  connected  with  the  special  purpose 
which  it  subserves,  and  with  tho  living  beings  which  may  inhabit  tho 
planetary  worlds  by  which  it  may  possibly  be  surrounded. 

When  they  had  obtained  this  new  information  respecting  the  true  nature 
of  the  stars,  their  attention  was  directed  to  the  phenomena  which  specially 
distinguish  some  of  the  stars. 

Colours  op  the  Stars. 

The  colour  of  the  light  of  the  stars  which  are  bright  to  the  naked  eye  is 
always  some  tint  of  reel,  orange,  or  yellow.  When,  however,  a  telescope  is 
employed,  in  close  companionship  with  many  of  these  ruddy  and  orange 
stars,  other  fainter  stars  become  visible,  tho  colour  of  which  may  be  blue,  or 
green,  or  purple. 

Now  it  appeared  to  be  probable  that  tho  origin  of  these  differences  of 
colour  among  the  stars  may  be  indicated  by  their  spectra.  It  was  obvious 
that  if  the  dark  lines  of  absorption  were  more  numerous  or  stronger  in  some 
part  of  the  spectrum,  then  those  colours  would  bo  subdued  in  power,  rela- 
tively to  the  colour  in  which  few  lines  only  occur.  These  latter  colours 
remaining  strong  would  predominate,  and  give  to  the  light,  originally  white, 
their  own  tints. 

This  supposition  was  confirmed  by  observations  of  tho  spectra  of  several 
white  and  coloured  stare.  Tho  grouping  of  tho  dark  lines  in  tho  stars  Sirius, 
a  Lyra),  a  Hcrculis,  /3  Cygni,  and  some  others  which  wore  examined  for  this 
purpose,  was  such  as  to  account  for  the  difference  of  colour  exhibited  by  their 
light.  The  spectra  of  the  two  stars  forming  /3  Cygni  are  represented  in 
%;,  4,  Plate  III. 

It  appears,  therefore,  that  the  colours  of  the  stars  are  in  general  produced 
by  the  vapours  existing  in  their  atmosphere.  The  chemical  constitution  of  a 
star's  atmosphero  will  depend  upon  the  elements  existing  in  the  star  and  upon 
its  temperature. 

Variable  Stars. 

The  brightness  of  many  of  the  stars  is  found  to  be  variable.  From  night 
to  night,  from  month  to  month,  or  from  season  to  season,  their  light  mav  be 
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observed  to  be  continually  changing,  at  one  time  increasing,  at  another  time 
diminishing.  The  careful  study  of  these  variable  stars  by  numerous  ob- 
servers has  shown  that  their  continual  changes  do  not  take  place  in  an 
uncertain  or  irregular  manner.  The  greater  part  of  these  remarkable  objects 
wax  and  wane  in  accordance  with  a  fixed  law  of  periodic  variation  which  is 
peculiar  to  each. 

The  speaker  stated  that  he  had  been  seeking  for  some  time  to  throw  light 
upon  this  strange  phenomenon  by  means  of  observation  of  their  spectra.  If 
in  any  case  the  periodic  variation  of  brightness  is  associated  with  physical 
changes  occurring  in  the  star,  we  might  obtain  some  information  by  means  of 
the  prism.  Again,  if  the  diminution  in  brightness  of  a  star  should  be  caused 
by  the  interposition  of  a  dark  body,  then  in  that  case,  if  the  dark  body  be 
surrounded  with  an  atmosphere,  its  presence  might  possibly  be  revealed  to  us 
by  the  appearance  of  additional  lines  of  absorption  in  the  spectrum  of  the 
star  when  at  its  minimum.  Some  small  changes  have  been  suspected,  but 
further  observations  are  required  before  any  conclusion  can  be  with  certainty- 
deduced  from  them. 

Temporary  Stars. 

With  the  variable  stars  modern  opinion  would  associate  the  remarkable 
phenomena  of  the  so-called  new  stars  which  occasionally,  but  at  long 
intervals,  have  suddenly  appeared  in  the  sky.  But  in  no  case  has  a  per- 
manently bright  star  been  added  to  the  heavens.  The  splendour  of  all  these 
objects  was  temporary  only,  though  whether  they  died  out  or  still  exist  as 
extremely  faint  stars  is  uncertain.  In  the  case  of  the  two  modern  temporary 
stars,  the  one  seen  by  Mr.  Hind  in  1845,  and  the  bright  star  recently  observed 
in  Corona,  though  they  have  lost  their  ephemeral  glory,  they  still  continue 
as  stars  of  the  10th  and  11th  magnitude. 

The  old  theories  respecting  these  strange  objects  must  be  rejected.  We 
cannot  believe,  with  Tycho  Brahe,  that  objects  so  ephemeral  are  new  creations, 
nor  with  Riccioli,  that  they  are  stars  brilliant  on  one  side  only,  which  have 
been  suddenly  turned  round  by  the  Deity.  The  theory  that  they  have  sud- 
denly darted,  towards  us  with  a  velocity  greater  than  that  of  light,  from  a 
region  of  remote  invisibility,  will  not  now  find  supporters. 

On  the  12th  of  May  last  a  star  of  the  2nd  magnitude  suddenly  burst  forth 
in  the  constellation  of  the  Northern  Crown.  Thanks  to  the  kindness  of  the 
first  discoverer  of  this  phenomenon,  Mr.  Birmingham,  of  Tuam,  the  speaker 
was  enabled,  conjointly  with  Dr.  Miller,  to  examine  the  spectrum  of  this  star 
on  the  16th  of  May,  when  it  had  not  fallen  much  below  the  3rd  magnitude. 

The  spectrum  of  this  star  consists  of  two  distinct  spectra.  One  of  these  is 
formed  of  four  bright  lines.  The  other  spectrum  is  analogous  to  the  spectra 
of  the  sun  and  stars. 

These  two  spectra  represent  two  distinct  sources  of  light.  Each  spectrum 
is  formed  by  the  decomposition  of  light,  which  is  independent  of  the  light 
which  gives  birth  to  the  other  spectrum. 

The  continuous  spectrum,  crowded  with  groups  of  dark  lines,  shows  that 
there  exists  a  photosphere  of  incandescent  solid  or  liquid  matter.  Further, 
that  there  is  an  atmosphere  of  cooler  vapours,  which  give  rise,  by  absorption, 
to  the  group  of  dark  lines. 

So  far  the  constitution  of  this  object  is  analogous  to  that  of  the  sun  and 
stars ;  but,  in  addition,  there  is  the  second  spectrum,  which  consists  of  bright 
lines.  There  is  thereforo  a  second  and  distinct  source  of  light,  and  this  must 
be,  as  the  character  of  the  spectrum  shows,  luminous  gas,     Now  the  two 
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principal  of  the  bright  lines  of  this  spectrum  inform  us,  by  their  position, 
that  one  of  the  luminous  gases  is  hydrogen.  The  great  brightness  of 
these  lines  shows  that  the  luminous  gas  is  hotter  than  the  photosphere. 
These  facts,  taken  in  connexion  with  the  suddenness  of  the  outburst  of 
light  in  the  star  and  its  immediate  very  rapid  decline  in  brightness,  from 
the  2nd  magnitude  down  to  the  8th  magnitude  in  twelve  days,  suggested  the 
startling  speculation  that  the  star  had  become  suddenly  enrapt  in  the  flames  of 
luminous  or  burning  hydrogen.  In  consequence,  it  may  be,  of  some  great 
convulsion  enormous  quantities  of  gas  were  set  free.  A  large  part  of  this  gas 
consisted  of  hydrogen,  which  was  either  intensely  glowing,  or  burning  about 
the  star  in  combination  with  some  other  element.  This  flaming  gas  emitted 
the  light  represented  by  the  spectrum  of  bright  lines.  The  spectrum  of  the 
other  part  of  the  star's  fight  may  show  that  this  fierce  gaseous  conflagration 
had  heated  to  a  more  vivid  incandescence  the  solid  matter  of  the  photosphere. 
As  the  free  hydrogen  became  exhausted  the  flames  gradually  abated,  the 
photosphere  became  less  vivid,  and  the  star  waned  down  to  its  former 
brightness. 

We  must  not  forget  that  light,  though  a  swift  messenger,  requires  time  to 
pass  from  the  star  to  us.  The  great  physical  convulsion,  which  is  new  to  us, 
is  already  an  event  of  the  past  with  respect  to  the  star  itself.  For  years 
the  star  has  existed  under  the  new  conditions  which  followed  this  fiery 
catastrophe. 

Nebitle. 

"When  the  eye  is  aided  by  a  telescope  of  even  moderate  power,  a  large 
number  of  faintly  luminous  patches  and  spots  come  forth  from  the  darkness 
of  the  sky,  which  are  in  strong  contrast  with  the  brilliant  but  point-like 
images  of  the  stars.  A  few  of  these  objects  may  be  easily  discerned  to  con- 
sist of  very  faint  stars  closely  aggregated  together.  Many  of  these  strange 
objects  remain,  even  in  the  largest  telescopes,  unresolved  into  stars,  and 
resemble  feebly  shining  clouds  or  masses  of  phosphorescent  haze.  During 
the  last  150  years  the  intensely  important  question  has  been  continually 
before  the  mind  of  astronomers,  "  "What  is  the  true  nature  of  these  faint, 
comet-like  masses  ?  " 

The  interest  connected  with  an  answer  to  this  question  has  much  increased 
since  Sir  ¥m.  Herschel  suggested  that  these  objects  are  portions  of  the  pri- 
mordial material  out  of  which  the  existing  stars  have  been  fashioned ;  and 
further,  that  in  these  objects  we  may  study  some  of  the  stages  through 
which  the  suns  and  planets  pass  in  their  development  from  luminous  cloud. 

The  telescope  has  failed  to  give  any  certain  information  of  the  nature  of 
the  nebulae.  It  is  true  that  each  successive  increase  of  aperture  has  resolved 
more  of  these  objects  into  bright  points,  but  at  the  same  time  other  fainter 
nebulae  have  been  brought  into  view,  and  fantastic  wisps  and  diffused 
patches  of  light  have  been  seen,  which  the  mind  almost  refuses  to  believe 
can  be  duo  to  the  united  glare  of  innumerable  suns  still  more  remote. 

Spectrum  analysis,  if  it  could  be  successfully  applied  to  objects  so  exces- 
sively faint,  was  obviously  a  method  of  investigation  specially  suitable  for 
determining  whether  any  essential  physical  distinction  separates  the  nebulae 
from  the  stars. 

The  speaker  selected  for  the  first  attempt,  in  August  1864,  one  of  the 
class  of  small,  but  comparatively  bright  nebula). 

His  surprise  was  very  great,  on  looking  into  the  small  telescope  of  the 
spectrum  apparatus,  to  perceive  that  there  was  no  appearance  of  a  band  of 
coloured  light,  such  as  a  star  would  give ;  but  in  place  of  this,  there  were 
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three  isolated  bright  lines  only.     The  spectrum  of  this  nebula  is  represented 
in  fig.  5  of  Plate  in. 

This  observation  was  sufficient  to  solve  the  long-agitated  inquiry  in  refer- 
ence to  this  object  at  least,  and  to  show  that  it  was  not  a  group  of  stars,  but 
a  true  nebula. 

A  spectrum  of  this  character,  so  far  as  our  knowledge  at  present  extends, 
can  be  produced  only  by  light  which  has  emanated  from  matter  in  the  state 
of  gas.  The  light  of  this  nebula,  therefore,  was  not  emitted  from  incan- 
descent solid  or  liquid  matter,  as  is  the  light  of  the  sun  and  stars,  but  from 
glowing  or  luminous  gas. 

It  was  of  importance  to  learn,  if  possible,  from  the  position  of  these 
bright  lines,  the  chemical  nature  of  the  gas  or  gases  of  which  this  nebula 
consists. 

Measures  taken  by  the  micrometer  of  the  most  brilliant  of  the  bright 
lines  showed  that  this  line  occurs  in  the  spectrum  very  nearly  in  the  position 
of  the  brightest  of  the  lines  in  spectrum  of  nitrogen.  The  experiment  was 
then  made  of  comparing  the  spectrum  of  nitrogen  directly  with  the  bright 
lines  of  the  nebulae.  The  speaker  found  that  the  brightest  of  the  lines  of 
the  nebulae  coincided  with  the  strongest  of  the  group  of  lines  which  are 
peculiar  to  nitrogen.  It  may  be,  therefore,  that  the  occurrence  of  this  one 
line  only  indicates  a  form  of  matter  more  elementary  than  nitrogen,  and 
which  our  analysis  has  not  yet  enabled  us  to  detect. 

In  a  similar  manner  the  faintest  of  the  lines  was  found  to  coincide  with 
the  line  of  hydrogen  coincident  with  F. 

The  middle  line  of  the  three  lines  which  form  the  spectrum  of  the  nebula 
does  not  coincide  with  any  very  strong  line  in  the  spectra  of  about  thirty  of 
the  terrestrial  elements.  It  is  not  far  from  a  line  of  barium,  but  it  does 
not  coincide  with  it.  Besides  these  bright  lines  there  was  also  an  exceedingly 
faint  continuous  spectrum.  The  spectrum  had  no  apparent  breadth,  and 
must  therefore  have  been  formed  by  a  minute  point  of  light.  Its  position, 
crossing  the  bright  line  about  the  middle,  showed  that  the  point  of  light  was 
situated  about  the  centre  of  the  nebula.  Now  this  nebula  possesses  a  mi- 
nute but  bright  nucleus.  We  learn  from  this  observation  that  the  matter 
of  the  nucleus  is  almost  certainly  not  in  a  state  of  gas,  as  is  the  material  of 
the  surrounding  nebula.  It  consists  of  opake  matter,  which  may  exist  in 
the  form  of  an  incandescent  fog  of  solid  or  liquid  particles. 

The  new  and  unexpected  results  arrived  at  by  the  prismatic  examination 
of  this  nebula  showed  the  importance  of  examining  as  many  as  possible  of 
these  remarkable  bodies.  Would  all  the  nebula)  give  similar  spectra?  Espe- 
cially it  was  of  importance  to  ascertain  whether  those  nebulae  which  the 
telescope  had  certainly  resolved  into  a  close  aggregation  of  bright  points 
would  give  a  spectrum  indicating  gaseity. 

The  observation  with  the  prism  of  these  objects  is  extremely  difficult,  on 
account  of  their  great  faintness.  Besides  this,  it  is  only  when  the  sky  is 
very  clear  and  the  moon  is  absent  that  the  prismatic  examination  of  their 
light  is  even  possible.  During  the  last  two  years  the  speaker  has  examined 
the  spectra  of  more  than  60  nebulae  and  clusters.  These  may  be  divided  into 
two  great  groups.  One  group  consists  of  the  nebulae  which  give  a  spec- 
trum similar  to  the  one  already  described,  or  else  of  one  or  two  only  of  tho 
three  bright  lines.  Of  the  GO  objects  examined  about  one-third  belong  to 
the  class  of  gaseous  bodies.  The  light  from  the  remaining  forty  nebulae  and 
clusters  becomes  spread  out  by  the  prism  into  a  spectrum  which  is  apparently 
continuous. 


Digitized  by 


Google 


SPECTRUM  ANALYSIS  OF  THE  HEAVENLY  BODIES.  149 

A  remarkable  nebula,  and  possibly  one  of  the  nearest  to  our  system,  of  the 
nebulae  presenting  a  ring  formation,  is  the  well-known  Annular  Nebula  in 
Lyra.  The  spectrum  consists  of  one  bright  line  only.  When  the  slit  of  the 
instrument  crosses  the  nebula,  the  line  consists  of  two  brighter  portions  cor- 
responding to  the  sections  of  the  ring.  A  much  fainter  line  joins  them, 
which  shows  that  the  faint  central  portion  of  the  nebula  has  a  similar  con- 
stitution. 

A  nebula  remarkable  for  its  large  extent  and  peculiar  form  is  that  known 
as  the  Dumb-bell  Nebula.  The  spectrum  of  this  nebula  consists  of  one  line 
only.  A  prismatic  examination  of  the  light  from  different  parts  of  this 
object,  showed  that  it  is  throughout  of  a  similar  constitution. 

The  most  widely  known,  perhaps,  of  all  the  nebulae  is  the  remarkable 
cloud-like  object  in  the  sword-handle  of  Orion. 

This  object  is  also  gaseous.  Its  spectrum  consists  of  three  bright  lines. 
Lord  Rosse  informed  the  speaker  that  the  bluish-green  matter  of  the  nebula 
has  not  been  resolved  by  his  telescope.  In  some  parts,  however,  he  sees  a 
large  number  of  very  minute  red  stars,  which,  though  apparently  connected 
with  the  irresolvable  matter  of  the  nebula,  are  "yet  doubtless  distinct  from  it. 
These  stars  would  be  too  faint  to  furnish  a  visible  spectrum. 

All  the  true  Clusters,  which  are  resolved  by  the  telescope  into  distinct 
bright  points,  give  a  spectrum,  which  does  not  consist  of  separate  bright 
lines,  but  is  apparently  continuous  in  its  light.  There  are  many  nebulas 
which  furnish  a  similar  spectrum. 

As  an  example  of  these  nebulae,  the  great  nebula  in  Andromeda  may  be 
taken,  which  is  visible  to  the  naked  eye,  and  is  not  seldom  mistaken  for  a 
comet.  The  spectrum  of  this  nebula,  though  apparently  continuous,  has 
some  suggestive  peculiarities.  The  whole  of  the  red  and  part  of  the  orange 
are  wanting.  Besides  this  character,  tho  brighter  parts  of  the  spectrum  have 
a  very  unequal  and  mottled  appearance. 

It  is  remarkable  that  the  easily  resolved  cluster  in  Hercules  has  a  spec- 
trum precisely  similar.  The  prismatic  connexion  of  this  cluster  with  the 
nebula  in  Andromeda  is  confirmed  by  telescopic  observation.  Lord  Rosse 
has  discovered  in  this  cluster  dark  streaks  or  lines  similar  to  those  which  are 
seen  in  the  nebula  in  Andromeda. 

In  connexion  with  these  observations,  it  was  of  great  interest  to  ascertain 
whether  this  broad  classification  afforded  by  the  prism  of  the  nebulae  and 
clusters,  would  correspond  with  the  indications  of  resolvability  furnished  by 
the  telescope.  Would  it  be  found  that  all  the  unresolved  nebulae  are  gaseous, 
and  that  those  which  give  a  continuous  spectrum  arc  clusters  of  stars  ? 

Lord  Oxmantown  has  examined  all  the  observations  of  the  60  nebulae  and 
clusters  in  the  speaker's  list,  which  have  been  made  with  the  great  reflecting 
telescope  erected  by  his  father,  tho  Earl  of  Rosse. 

The  results  are  given  in  the  following  Table : — 

Continuous  spectrum.       Gaseous  spectrum. 

Clusters    10  0 

Resolved,  or  resolved  ?  5' 0 

Resolvable,  or  resolvable  ?     ...  10  6 

Blue  or  green,  no  resolvability,  f  0  4 

no  resolvability  seen.. \  6  5 

31  15 

Not  observed  by  Lord  Rosse...    10 4 

41 19 

Considering  the  great  difficulty  of  successful  telescopic  observation  of  these 
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objects,  the  correspondence  between  the  results  of  prismatic  and  telescopic 
observation  may  be  regarded  as  close  and  suggestive. 

Half  of  the  nebulae  which  give  a  continuous  spectrum  have  been  resolved, 
and  about  one- third  more  are  probably  resolvable ;  while  of  the  gaseous 
nebulae  none  have  been  certainly  resolved,  according  to  Lord  Rosse. 

The  inquiry  now  presses  itself  upon  us — What  superstructure  of  interpre- 
tation have  wo  a  right  to  raise  upon  the  new  facts  with  which  the  prism  has 
furnished  us  ? 

Is  the  existence  of  the  gaseous  nebulae  an  evidence  of  the  reality  of  that 
primordial  nebulous  matter  required  by  the  theories  of  Sir  William  Herschel 
and  Laplace  ? 

Again,  if  we  do  not  accept  the  view  that  these  nebulae  are  composed  of 
portions  of  the  original  elementary  matter  out  of  which  suns  and  planets  have 
been  elaborated,  what  is  the  cosmical  rank  and  relation  which  we  ought  to 
assign  to  them  ?  As  aids  to  el  future  determination  of  these  great  questions, 
some  other  observations  mado  by  the  speaker  may  be  briefly  referred  to. 

Comets. 

There  are  objects  in  the  heavens  which  occasionally,  and  under  some  con- 
ditions, resemble  closely  some  of  the  nebulae.  In  some  positions  in  their 
orbits  some  of  the  comets  appear  as  round  vaporous  masses,  and  except  by 
their  motion,  cannot  be  distinguished  from  nebulae.  Does  this  occasional 
general  resemblance  indicate  a  similarity  of  naturo  ?  In  1864  Donati  found 
that  the  spectrum  of  a  comet  visible  in  that  year  consisted  of  bright  lines. 

Last  January  a  small  telescopic  comet  was  visible.  It  was  a  nearly  circular, 
very  faint  vaporous  mass.  Nearly  in  the  centre,  a  small  and  rather  dim 
nucleus  was  seen.  When  this  object  was  viewed  in  the  spectroscope,  two 
spectra  were  distinguished.  A  very  faint  continuous  spectrum  of  the  coma 
showed  that  it  was  visible  by  reflecting  the  solar  light.  About  the  middle  of 
this  faint  spectrum,  a  bright  point  was  seen.  This  bright  point  is  the  spec- 
trum of  the  nucleus,  and  shows  that  its  light  is  different  from  that  of  the 
coma.  This  short  bright  line  indicates  that  the  nucleus  of  this  comet  was 
self-luminous ;  and  further,  the  position  of  this  line  of  the  spectrum  suggests 
that  the  material  of  the  comet  might  possibly  be  similar  to  the  matter  of 
which  the  gaseous  nebulae  consist. 

Measures  of  the  intrinsic  brightness  op  the  Nebula. 

It  appeared  to  the  speaker  that  some  information  of  the  nature  of  the 
nebulae  might  be  obtained  from  observations  of  another  order.  If  physical 
changes  of  the  magnitude  necessary  for  the  conversion  of  these  gaseous  bodies 
into  suns  are  now  in  progress  in  the  nebulae,  surely  this  process  of  develop- 
ment would  be  accompanied  by  marked  changes  in  the  intrinsic  brightness  of 
their  light,  and  in  their  size. 

Now  since  the  spectroscope  shows  these  bodies  to  bo  continuous  masses  of 
gas,  it  is  possible  to  obtain  an  approximate  measure  of  their  real  brightness. 
It  is  known  that  as  long  as  a  distant  object  remains  of  sensible  size,  its  bright- 
ness remains  unaltered.  By  a  new  photometric  method  the  intrinsic  inten- 
sity of  the  light  of  three  of  the  gaseous  nebiriae  was  found  in  terms  of  a  sperm 
candle  burning  at  the  rate  of  158  grains  per  hour. 

Nebula  No.  4628 y^y  part  of  the  intensity  of  the  candle. 

Annular  Nebula  in  Lyra  . .   ^Va  „  „  „ 

Dumb-bell  Nebula    t 1\jsi  »  »  » 
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These  numbers  represent  not  the  apparent  brightness  only,  but  the  true 
brightness  of  these  luminous  masses,  except  so  far  as  it  may  have  been 
diminished  by  a  possible  power  of  extinction  existing  in  co3mical  space,  and 
by  the  absorption  of  our  atmosphere.  It  is  obvious  that  similar  observations, 
made  at  considerable  intervals  of  time,  may  show  whether  the  light  of  these 
objects  is  undergoing  increase  or  diminution,  or  is  subject  to  a  periodic  vari- 
ation. If  the  dumb-bell  nebula,  the  feeble  light  of  which  is  not  more  than 
one  twenty-thousandth  part  of  that  of  a  candle,  be  in  accordance  with  popular 
theory  a  sun-germ,  then  it  is  scarcely  possible  to  put  in  an  intelligble  form 
the  enormous  number  of  times  by  which  its  light  must  increase  before  this 
faint  nebula,  feebler  now  in  its  glimmering  than  a  rushlight,  can  rival  the 
dazzling  splendour  of  our  sun. 

Measures  of  the  Nebula. 

Some  of  the  nebulae  are  sufficiently  defined  in  outline  to  admit  of  accurate 
measurement.  By  means  of  a  series  of  micrometric  observations,  it  will  be 
possible  to  ascertain  whether  any  considerable  alteration  in  size  takes  placo 
in  nebulae. 

Meteors. 

Mr.  Alexander  Herschel  has  recently  succeeded  in  subjecting  another  order 
of  the  heavenly  bodies  to  prismatic  analysis.  He  has  obtained  the  spectrum 
of  a  bright  meteor,  and  also  the  spectra  of  some  of  the  trains  which  meteors 
leave  behind  them.  A  remarkable  result  of  his  observations  appears  to  be 
that  sodium  in  the  state  of  luminous  vapour  is  present  in  the  trains  of  most 
meteors. 

Conclusion. 

In  conclusion,  the  new  knowledge  that  has  been  gained  from  these  obser- 
vations with  the  prism  may  be  summed  up  as  follows : — 

1.  All  the  brighter  stars,  at  least,  have  a  structure  analogous  to  that  of  the 
sun. 

2.  The  stars  contain  material  elements  common  to  the  sun  and  earth. 

3.  The  colours  of  the  stars  have  their  origin  in  the  chemical  constitution  of 
the  atmospheres  which  surround  them. 

4.  The  changes  in  brightness  of  some  of  the  variable  stars  are  attended 
with  changes  in  the  lines  of  absorption  of  their  spectra. 

5.  The  phenomena  of  the  star  in  Corona  appear  to  show  that  in  this  object 
at  least  great  physical  changes  are  in  operation. 

6.  There  exist  in  the  heavens  true  nebula.  These  objects  consist  of 
luminous  gas. 

7.  A  part  of  the  light  of  comets  is  self-luminous. 

8.  The  bright  points  of  the  star-clusters  may  not  be  in  all  cases  stars  of 
the  same  order  as  the  separate  bright  stars. 

It  may  be  asked  what  cosmical  theory  of  the  origin  and  relations  of  the 
heavenly  bodies  do  these  new  facts  suggest?  It  would  be  easy  to  speculate, 
but  it  appears  to  me  that  it  would  not  be  philosophical  to  dogmatize  at  present 
on  a  subject  of  which  we  know  so  very  little.  Our  views  of  the  universe  are 
undergoing  important  changes  ;  let  us  wait  for  more  facts  with  minds  un- 
fettered by  any  dogmatic  theory,  and  therefore  free  to  receive  the  obvious 
teaching,  whatever  it  may  be,  of  new  observations. 

Star  differs  from  star  in  glory,  each  nebula  and  each  cluster  has  its  own 
special  features,  doubtless  in  wisdom  and  for  high  and  important  purposes 
the  Creator  has  made  them  all. 
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On  some  further  Results  of  Spectrum  Analysis  as  applied  to  the 
Heavenly  Bodies.  By  William  Huggins,  F.R.S.,  Hon.  Sec.  to  the 
Royal  Astronomical  Society*. 

[Plate  V.] 

Two  years  ago,  at  the  Meeting  of  the  British  Association  at  Nottingham,  I 
had  the  honour  to  give,  in  an  evening  discourse,  a  summary  of  the  results 
of  Spectrum  Analysis  as  applied  to  the  heavenly  bodies,  which  had  been 
obtained  partly  by  myself  and  partly  as  the  conjoint  work  of  myself  and 
Dr.  W.  Allen  Miller,  Treas.  and  V.P.R.S. 

I  beg  now  to  offer  to  the  Association  a  brief  account  of  some  of  the  prin- 
cipal results  of  the  observations  which  I  have  made  since  August  1866. 

These  observations  may  be  arranged  according  to  the  classes  of  the  hea- 
venly bodies  to  which  they  relate. 


§     I.  On  the  Fixed  Stars. 

§    II.  On  the  Nebula?. 

§  III.  On  the  Light  of  Comets. 


§  IV.  On  the  Spectra  of  Sun- 
spots. 
§    V.  On  the  Planets. 


§  I.  On  the  Fixed  Stabs. 

A.  Observations  to  determine  whether  the  Stars  are  moving  towards  or  from 

the  Earth. 

The  determination  of  the  proper  motions  of  stars  from  observations  of 
their  angular  motions  among  the  stars  apparently  near  them,  gives  to  us 
information  of  that  part  only  of  their  motion  which  is  at  right  angles  to  a 
ray  of  light  coming  from  the  star  to  the  observer.  It  would  bo  a  rare  acci- 
dent only  if  the  motion  thus  obtained  represented  the  whole  of  their  motion. 
The  other  part  of  the  star's  motion,  namely,  the  movement  of  the  star  in  the 
direction  of  tho  visual  ray  towards  or  from  the  earth,  seemed  to  be  beyond 
the  reach  of  our  means  of  observation ;  for  photometric  estimation  of  tho 
increase  or  diminution  of  the  light  of  the  star  was  obviously  too  coarse  and 
uncertain  a  method  for  so  delicate  an  investigation. 

Now  it  is  precisely  information  on  this  point  which  appeared  to  be  inacces- 
sible to  us,  which  has  been  brought  within  our  reach  by  means  of  observa- 
tions with  the  prism.  Supposing  waves  to  be  coming  in  upon  the  shore,  a 
ship  leaving  the  harbour  would  encounter  a  larger  number  of  these  waves  in 
a  given  time  than  a  ship  would  at  anchor ;  and  further,  the  increased  velo- 
city of  succession  of  the  waves  which  would  strike  its  prow  could  be  deter- 
mined if  the  velocity  of  tho  ship  and  that  of  the  waves  were  known.  Con- 
versely, if  the  period  and  the  velocity  of  the  waves  had  been  ascertained,  the 
captain,  by  counting  the  number  of  waves  which  met  tho  ship  in  a  given 
interval  of  time,  could  determine  therefrom  the  motion  of  his  vessel.  A  little 
consideration  will  make  it  evident  that  a  similar  effect  would  take  place  if 
the  vessel  were  at  rest,  and  the  source  of  wave-motion  were  supposed  to 
approach  or  recede  from  the  vessel ;  in  this  case  the  velocity  of  the  source 
of  wave-motion  could  be  determined,  if  the  initial  period  of  the  waves  and 
the  velocity  of  their  propagation  were  known.  This  illustration  sets  forth 
the  principles  on  which  is  founded  the  method  of  investigation  which  is  now 
to  be  described. 

The  idea  that  a  change  of  period  in  luminous  or  sonorous  waves  would 
arise  in  consequence  of  a  motion  of  the  observer,  or  of  the  source  of  the  light, 
*  A  communication  ordered  to  be  printed  in  extcnto. 
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or  of  the  sound,  towards  or  from  each  other,  is  duo  to  Doppler.  In  1841 
Poppler  showed  that  since  the  impression  which  is  received  by  the  eye  or 
the  ear  does  not  depend  upon  tho  intrinsic  strength  and  period  of  the 
waves  of  light  and  of  sound,  but  is  determined  by  the  interval  of  timo  in 
which  they  fall  upon  the  organ  of  the  observer,  it  follows  that  tho  colour 
and  intensity  of  an  impression  of  light  and  the  pitch  and  strength  of  a  sound 
will  be  altered  by  a  motion  of  the  source  of  the  light  or  of  the  sound,  or  by 
a  motion  of  the  observer,  towards  or  from  each  other  *. 

Doppler  then  went  wrong ;  for  he  sought  by  these  considerations  to  account 
for  the  remarkable  difference  of  colour  which  some  of  the  binary  stars  present, 
and  for  some  other  phenomena  of  the  heavenly  bodies.  Now  it  is  obvious 
that  if  a  star  could  be  conceived  to  be  moving  with  a  velocity  sufficiently 
great  to  alter  its  colour  sensibly  to  the  eye,  still  no  change  of  colour  would 
be  perceived,  for  the  reason  that,  beyond  the  visible  spectrum,  at  both  extre- 
mities there  exists  a  store  of  invisible  waves  which  would  be  at  the  same  time 
exalted  or  degraded  into  visibility  to  take  the  place  of  the  waves  which  had 
been  raised  or  lowered  in  refrangibility  by  tho  star's  motion.  No  change  of 
colour,  therefore,  could  take  place  until  tho  whole  of  these  invisible  waves  of 
force  had  been  used  up,  which  would  only  be  the  case  when  the  relative 
motion  of  the  source  of  light  and  of  the  observer  was  several  times  greater 
than  that  of  light. 

It  is  obvious  from  these  considerations  that  this  method  of  research  could 
afford  us  information  of  the  motion  of  tho  star  only  in  the  case  in  which  we 
lcnew  the  period  of  the  light  at  the  time  of  its  emission  from  the  star ;  for  then  a 
comparison  of  this  initial  period  with  that  observed  at  the  earth  would  show 
the  exact  amount  of  the  change  of  refrangibility  due  to  the  relative  motions  of 
the  observer  and  tho  star,  and  as  the  earth's  motions  are  known,  the  motion 
of  the  star  could  be  determined. 

Now  this  one  essential  condition,  namely,  the  knowledge  of  the  period  of 
the  light  when  emitted  by  tho  star,  is  fulfilled  by  spectrum  analysis.  When 
we  learn  the  existence  of  a  terrestrial  substance  in  a  star,  we  have  the 
means  of  knowing  the  initial  refrangibility  of  the  dark  lines  in  the  star's 
spectrum,  which  are  due  to  the  absorption  of  the  vapour  of  this  substance. 

It  may  be  thought  that  if  the  lines  in  the  spectra  of  the  stars  are  subject 
to  an  unknown  amount  of  displacement  from  the  cause  we  have  now  under 
consideration,  it  would  not  be  possible  to  make  use  of  theso  lines  to  learn  the 
star's  chemical  constitution.  This  objection,  however,  does  not  obtain ;  for 
the  amount  by  which  the  lines  would  bo  displaced  by  any  velocity  we  could 
with  probability  assign  to  the  stars,  would  be  too  small  to  be  even  perceived 
in  the  spectroscopes  which  had  hitherto  been  applied  to  tho  heavenly  bodies. 
For  example,  a  velocity  ten  times  greater  than  that  of  the  earth  in  its  orbit 
would  cause  a  line  to  move  through  a  space  in  the  spectrum  about  as  great  as 
that  which  separates  the  components  of  the  double  line  D  of  the  solar  spec- 
trum. Besides  this  consideration,  the  trustworthiness  of  the  results  obtained 
by  myself  and  Dr.  Miller  in  our  joint  researches,  was  not  allowed  to  rest 
upon  the  position  of  a  single  line,  but  upon  the  coincidence  in  general  cha- 
racter as  well  as  in  position  of  a  group  of  several  lines.  At  the  time,  indeed, 
when  we  made  our  observations,  we  were  fully  aware  that  these  direct  com- 
parisons were  not  only  of  value  for  the  determination  of  the  chemical  con- 
stitution of  the  stars,  but  that  they  might  tell  us  something  of  the  motions 

*  "  Ueber  da*  farbige  Licht  der  Doppelsterne  und  einiger  anderer  Gestirne  des  Him- 
roels,"  Bohm.  Gesell.  Abh.  ii  1842-44,  s.  465. 
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of  the  stars  relatively  to  our  system.  The  great  velocity  of  light  relatively  to 
the  known  planetary  velocities  and  to  the  probable  motions  of  the  few  stars 
of  which  the  parallax  is  known,  showed  that  any  alterations  of  position  which 
might  be  expected  from  this  cause  in  the  lines  of  the  stellar  spectra  would 
not  exceed  a  fraction  of  the  interval  between  the  double  line  D,  a  change 
which  could  not  be  detected  in  our  instrument.  We  were,  however,  in  pos- 
session of  the  information  that  the  stars,  the  spectra  of  which  had  been  com- 
pared with  the  necessary  care,  were  not  moving  towards  or  from  the  earth 
with  a  velocity  so  great  as  190  miles  per  second.  Among  these  stars  are 
Aldebaran,  a  Orionis,  /3  Pegasi,  Sirius,  a  Lyne,  Capella,  Arcturus,  Pollux, 
and  Castor. 

Recently  (in  1866)  Klinkerfues  published  a  memoir  on  the  influence  of  the 
motion  of  a  source  of  light  upon  the  refrangibility  of  its  rays,  and  described 
therein  a  series  of  observations,  from  which  he  deduces  certain  amounts  of 
motion  in  the  case  of  some  objects  observed  by  him.  As  Klinkerfues  em- 
ploys an  achromatic  prism,  it  does  not  seem  possible  by  his  method  to  obtain 
any  information  of  the  motions  of  the  stars  ;  for  in  such  a  prism  the  difference 
of  period  of  the  luminous  waves  would  be  as  far  as  possible  annulled.  It  is, 
however,  conceivablo  that  his  observations  of  the  light  when  travelling  from 
E.  to  W.,  and  from  W.  to  E.,  might  show  a  difference  in  the  two  cases, 
arising  from  the  earth's  motion  through  the  ether*. 

Father  Secchi  has  quite  recently  called  attention  to  this  subject.  In  his 
paper  he  states  that  he  has  not  been  able  to  detect  any  change  of  refrangi- 
bility in  the  case  of  certain  stars  of  an  amount  equal  to  the  difference 
between  the  components  of  the  double  line  D.  These  results  are  in  accord- 
ance with  those  obtained  by  Dr.  Miller  and  myself  in  1863,  so  far  as  they 
refer  to  the  stars  whith  had  been  examined  by  us.  Father  Secchi's  method 
of  using  an  unrcfracted  image  as  a  fiducial  mark,  with  diverging  rays  pass- 
ing through  the  prisms,  might,  it  is  conceivable,  be  open  to  objection.  Ho 
appears  to  consider  that,  to  produce  a  certain  alteration  of  refrangibility,  half 
the  velocity  would  be  required  in  the  case  of  the  approach  of  a  star,  of  that 
which  would  be  necessary  if  the  star  were  receding.  This  is  not  the  case ; 
for  equal  velocities  of  separation  or  approach  give  equal  change  of  wave- 
length. It  is  true  that  a  difference  of  an  octave  is  produced  by  a  relative 
velocity  of  separation  equal  to  that  of  light,  and  by  a  velocity  of  approach 
equal  to  half  that  of  light ;  but  the  difference  in  length  of  a  wave  and  its 
octavo  below  (which  is  twice  as  long)  is,  in  the  same  proportion,  greater  than 
the  difference  between  it  and  the  octave  above  (which  is  half  as  long)  f. 

The  subject  of  the  influence  of  the  motions  of  the  heavenly  bodies  on  tho 
index  of  refraction  of  light  had  already  (in  1864)  occupied  the  attention  of 
Mr.  Maxwell,  F.H.S.,  who  made  some  experiments  in  an  analogous  direction. 
In  the  spring  of  last  year  Mr.  Maxwell  sent  to  me  a  statement  of  his  views 
and  experiments,  which  he  has  permitted  me  to  include  in  a  paper  pre- 
sented by  me  to  tho  Royal  Society^. 

Mr.  Maxwell  puts  the  subject  in  tho  following  way : — 

"  Let  a  source  of  light  be  such  that  it  produces  n  disturbances  or  vibra- 
tions per  second,  and  let  it  bo  at  such  a  distance  from  the  earth  that  the 
light  requires  a  time  T  to  reach  the  earth.  Let  the  distance  of  the  sourco 
of  light  from  the  earth  be  altered,  either  by  the  motion  of  the  source  of  light, 

*  "Fernere  Mittheilungen  ub«r  den  Einfluss  der  Bewcgung  der  Liclitquelle  auf  die 
Breohbarkeit  eines  Strahls,  von  W.  Klinkerfues,"  Nachr.  der  K  G.  der  W.  zu  Gottingen. 
No.  4,  s.  33. 

T  Comptea  Rendu*,  2  Mara  1868,  p  398.  J   Phil.  Trans.  1868. 
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or  by  that  of  the  earth,  bo  that  the  light  which  emanates  from  the  source  t 
seconds  afterwards  reaches  the  earth  in  a  time  T. 

"During  the  t  seconds  n  t  vibrations  of  the  source  of  light  took  place,  and 
these  reached  the  earth  between  the  time  T  and  the  time  <+T',  that  is, 
during  t+T'  — T  seconds.     The  number  of  vibrations  which  reached  the 

earth  per  second  was,  therefore,  no  longer  «,  but  n  -    »,f     -„,. 

"  If  v  is  the  velocity  of  separation  of  the  source  of  light  from  the  earth,  and 

V  the  velocity  of  the  light  between  the  bodies,  then  v  f= V(T— T),  and  the 

V 

number  of  vibrations  per  second  at  the  earth  will  be  n  y  — . 

"  If,  therefore,  the  light  of  a  star  be  due  to  sodium,  or  be  absorbed  by  vapour 
of  sodium,  then  the  light,  when  it  reaches  the  earth,  will  have  an  excess  or 
defect  of  rays  whose  period  of  vibration  is  to  that  of  the  period  of  sodium  as 

Y  +  v  is  to  V." 

There  is  another  quite  distinct  way  in  which,  under  some  circumstances, 
it  is  conceivable  that  an  alteration  of  rofrangibility  might  take  place.  If 
the  motion  of  the  luminiferous  medium  be  different  from  that  of  the  earth, 
that  is,  does  not  accompany  the  earth  in  its  motion,  a  deviation  might  bo 
expected,  according  to  the  direction  of  the  ray  within  the  prisms.  The  essen- 
tials of  this  experiment  are  entirely  terrestrial,  and  depend  only  on  the 
relative  motion  of  the  prism  and  the  luminiferous  medium,  and  on  the  direc- 
tion in  which  the  ray  passes  through  the  prism.  Mr.  Maxwell  has  made 
some  careful  experiments  in  this  direction,  but  has  obtained  only  negative 
results. 

Several  of  my  early  attempts  failed  in  consequonco  of  insufficient  disper- 
sive power  in  the  apparatus  employed.  It  was  only  after  several  quite  dis- 
tinct forms  of  apparatus  were  successively  constructed,  that  I  succeeded  in 
obtaining  an  instrument  suitable  for  theso  very  delicate  observations. 

A  serious  difficulty  presented  itself  from  the  inconvenience,  and  in  some 
degree  untrustworthiness  for  this  investigation,  of  the  ordinary  method  of 
reflecting  into  the  instrument  a  spectrum  of  comparison,  by  means  of  a  small 
prism  placed  over  one  half  of  the  slit,  even  when  the  precautions  described 
in  my  papers  presented  to  tho  Royal  Society,  for  the  purpose  of  ensuring 
perfect  accuracy  in  relative  position  in  the  instrument  of  tho  star-spectrum 
with  that  to  be  compared  with  it,  were  carefully  observed. 

A  description  of  the  apparatus  which  I  finally  adopted,  and  which  appears 
in  all  respects  trustworthy,  is  contained  in  the  paper  presented  to  tho  lioyal 
Society.  This  apparatus  gave  an  amount  of  dispersion  equal  to  about  seven 
prisms  of  dense  flint  glass  of  60°. 

The  chief  difficulties  I  encountered  arose  from  the  unsteadiness  of  our 
atmosphere.  Stars  of  the  first  and  second  magnitude  give  sufficient  light  for 
examination  with  the  large  spectroscope  described ;  but  unless  the  air  is  ex- 
ceptionally steady,  the  lines  are  seen  too  fitfully  to  permit  of  any  certainty 
in  the  determination  of  coincidence,  of  the  great  degree  of  delicacy  required. 
Prom  this  cause,  tho  work  of  very  many  nights  has  had  to  be  rejected.  I 
will  describe  here  those  observations  only  which  have  led  to  a  successful 
result. 

Sirius. — The  brilliant  light  of  Sinus,  and  the  great  intensity  of  four  strong 
lines  of  its  spectrum,  made  this  star  specially  suitable  for  my  purpose, 
though  from  its  low  altitude  in  our  latitude,  it  can  be  successfully  observed 
tor  an  hour  only  on  each  side  of  the  meridian. 

The  coincidence  of  two  of  the  strong  lines  of  this  star  with  those  of 
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hydrogen,  had  been  satisfactorily  determined  by  myself  and  Dr.  Miller  in 
1863.  We  found  also  in  the  star  lines  coincident  with  some  of  those  of  iron, 
magnesium,  and  sodium.  Of  all  these  lines,  the  one  which  corresponds  to  F 
of  the  solar  spectrum  was  alone  seen  with  the  steady  distinctness  necessary 
for  comparison,  when  the  powerful  train  of  prisms  was  used. 

We  have  sufficient  proof  from  our  observations  referred  to,  that  this  lino 
is  produced  by  hydrogen;  at  the  time,  therefore,  of  its  formation  at  the 
star,  its  period  would  be  identical  with  that  of  the  corresponding  line  of 
hydrogen. 

This  line  in  the  star  appears  rather  broader  than  in  the  solar  spectrum ; 
it  includes,  perhaps,  a  range  of  wave-length  about  equal  to  that  of  the  sepa- 
ration of  the  double  line  D ;  it  is  in  a  small  degree  nobulous  at  both  edges. 

As  the  corresponding  bright  line  of  the  spectrum  of  hydrogen,  when  the 
spark  is  taken  in  hydrogen  at  the  pressure  of  the  atmosphere,  is  too  expanded 
for  accurate  comparison,  the  hydrogen  was  employed  as  it  exists  in  the  so- 
called  vacuum-tubes.  In  this  state  the  hydrogen  gives  a  narrow  and  well- 
defined  line. 

The  result  of  a  great  many  comparisons  on  many  nights  is  to  show  that 
the  bright  line  of  hydrogen  is,  in  a  small  degree,  more  refrangible  than  the 
dark  line  in  the  star  (see  fig.  4,  PL  V.).  The  amount  of  degradation  in 
wave-length  which  the  line  had  suffered,  was  found  to  be  equal  to  0109  mil- 
lionth of  a  millimetre. 

If  the  velocity  of  light  bo  taken  at  185,000  miles  per  second,  and  the 
wave-length  of  F  at  486-50  millionths  of  a  metre,  the  alteration  in  period 
observed  in  the  line  of  Sirius  will  indicate  a  motion  of  recession  between  the 
earth  and  the  star  of  41-4  miles  per  second. 

Of  this  motion  a  part  is  due  to  the  earth's  motion  in  space.  As  the  earth 
moves  round  the  sun  in  the  plane  of  the  ecliptic,  it  is  changing  the  direction 
of  its  motion  at  every  instant.  There  are  two  positions  separated  by  180°, 
where  the  effect  of  the  earth's  motion  is  a  maximum,  namely,  when  it  is 
moving  in  the  direction  of  the  visual  ray,  either  towards  or  from  the  star. 
At  two  other  positions  in  its  orbit,  at  90°  from  the  former  positions,  the 
earth's  motion  is  at  right  angles  to  the  direction  of  the  light  from  the  star, 
and  thereforo  has  no  influence  on  the  refrangibility  of  its  light. 

Tho  position  of  the  star  is  also  of  importance ;  for  the  effect  of  the  earth's 
motion  will  be  greatest  upon  the  light  of  a  star  situated  in  the  plane  of  tho 
ecliptic,  and  will  decrease  as  the  star's  latitude  increases,  until,  with  respect 
to  a  star  at  the  pole  of  the  ecliptic,  the  earth's  motion,  during  the  whole  of 
its  annual  course,  will  be  perpendicular  to  the  direction  of  the  light  coming  to 
us  from  it,  and  will  bo  thereforo  without  influenco  on  the  period  of  tho  light. 

Now  at  tho  time  the  observations  on  Sirius  were  made,  the  earth  was 
moving  from  the  star  with  a  velocity  of  twelve  miles  per  second.  There 
remains,  therefore,  a  motion  from  the  earth  of  29*4  miles  per  second,  which 
appears  to  belong  to  the  star  itself. 

The  solar  motion  in  space  will  not  materially  affect  this  result ;  for,  ac- 
cording to  Struve,  the  sun  advances  in  space  with  a  velocity  but  little 
greater  than  one-fourth  of  the  earth's  orbital  motion.  If  the  apex  of  tho 
solar  motion  be  situated  in  Hercules,  nearly  tho  whole  of  it  will  bo  from 
Sirius,  and  will  therefore  diminish  the  velocity  to  be  ascribed  to  that  star. 

It  is  interesting  to  remark  that  at  the  present  time  the  proper  motion  of 
Sirius  in  declination  is  less  than  its  average  amount  by  nearly  tho  whole  of 
that  part  of  it  which  is  subject  to  variation.  It  may  be  that  a  greater  part 
of  the  star's  motion  is  now  in  tho  direction  of  tho  visual  ray. 
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It  must  not  be  forgotten  that  the  whole  of  the  proper  motion  which  can 
be  directly  observed  by  us,  consists  of  that  portion  only  which  is  at  right 
angles  to  the  visual  ray.  This  motion,  according  to  the  parallax  we  attri- 
bute to  Sirius  (Henderson =0"#150,  Abbe=0"'27),  will  vary  from  24  miles 
to  43  miles  per  second. 

The  real  motion  of  the  star  will  consist  of  this  motion,  combined  with  the 
motion  at  right  angles  to  it,  obtained  by  the  present  investigation,  of  29  miles 
from  the  earth. 

Similar  observations  have  been  made  of  several  other  stars ;  I  desire,  how- 
ever, to  submit  them  to  a  re-examination. 

B.   Other  Spectroscopic  Observations  of  the  Fixed  Stars. 

a  Herculis. — On  several  occasions  the  spectrum  of  this  star  was  re-ex- 
amined. The  observations  agree  with  the  measures  and  comparisons  of 
the  chemical  elements  of  this  star  obtained  in  1863.  The  spectrum  is  con- 
tinuous, with  numerous  groups  of  dark  lines. 

Mira  Ceti  gives  a  spectrum  apparently  identical,  or  nearly  so,  with  a 
Ononis.  At  the  time  the  star  was  waning  in  brightness  there  was  an  appear- 
ance of  greater  intensity  in  several  of  the  groups,  but  further  observations 
are  required  before  any  opinion  is  hazarded  as  to  the  cause  of  its  remarkable 
periodical  variation  in  brightness. 

y  Cassiopeia*. — In  addition  to  the  bright  line  near  the  boundary  of  the 
green  and  blue  observed  by  Father  Secchi,  I  discovered  a  line  of  equal  bril- 
liancy in  the  red.  There  are  also  in  the  spectrum  of  this  star  dark  lines  due 
to  absorption.  The  two  bright  lines  are  narrow  and  defined,  but  are  not 
very  brilliant.  Micrometrical  measures  of  these  bright  lines  show  that  they 
are  doubtless  coincident  in  position  in  the  spectrum  with  Fraunhofer's  G  and 
F,  and  with  two  of  the  bright  lines  of  luminous  hydrogen. 

I  have  confirmed  the  interesting  observations  of  MM.  "Wolf  and  Rayet,  so 
far  as  to  the  presence  of  bright  lines  in  the  three  small  stars  described  by 
them.     I  have  not  determined  the  number  and  positions  of  these  lines. 

§  II.  Observations  of  the  Nebtjle. 

My  observations  on  these  bodies  have  confirmed  the  results  of  my  former 
investigation,  but  have  not  afforded  much  information  which  is  new.  Out 
of  about  seventy  nebulae,  nearly  one-third  gave  a  spectrum  of  bright  lines. 

The  differences  which  have  been  observed  between  the  spectra  of  the 
objects  which  give  bright  lines,  may  be  regarded  as  modifications  only  of  tho 
typical  form  of  spectrum  represented  in  fig.  2.  PI.  V. 

The  variations  consist  of  differences  of  relative  intensity,  and,  in  some 
cases,  of  the  absence  of  one  or  two  of  tho  lines.  It  is  worthy  of  remark 
that,  so  far  as  the  nebulae  have  been  observed,  tho  brightest  of  the  three 
lines,  which  is  coincident  with  a  line  of  nitrogen,  is  always  present,  and 
sometimes  the  spectrum  consists  wholly  of  this  line.  It  is  a  suggestive  fact 
that  in  no  nebula  have  any  additional  lines  been  observed  on  tho  less  refran- 
gible and  brighter  side  of  tho  line  common  to  all  the  nebulae.  In  two  or 
three  nebulae  a  fourth  line,  more  refrangible  than  those  represented  in  the 
diagram,  has  been  detected. 

The  spectrum  of  the  Great  Nebida  in  Orion  was  observed  and  compared 
with  terrestrial  lines,  in  tho  powerful  spectroscope  described  in  this  paper. 

The  coincidence  of  the  strongest  line  with  a  double  line  of  nitrogen,  though 
now  subjected  to  a  much  more  severe  trial  (to  a  spreading  out  of  the  spec- 
trum nearly  three  times  greater  than  in  my  former  observations),  appeared 
as  perfect  as  before. 
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I  was  not  able,  even  with  this  great  dispersive  power,  and  after  long  and 
careful  scrutiny  directed  to  this  point,  to  discover  any  duplicity  in  the  line 
of  the  nebula  corresponding  to  that  which  characterizes  the  line  of  nitrogen. 
The  line  of  the  nebula  appeared  to  me  narrower,  under  the  same  circum- 
stances of  slit,  than  the  double  line  of  nitrogen ;  but  the  latter  line  may 
have  appeared  broader  in  consequence  of  irradiation,  as  it  was  brighter 
than  the  line  of  the  nebula.  It  is  worthy  of  remark  that  when  the  induc- 
tion spark  was  placed  before  the  object-glass,  the  line  of  nitrogen  was  so 
much  fainter  that  it  ceased  to  appear  double,  and  resembled  the  nebular 
lino  *. 

The  third  line  of  this  nebula  was  also  compared,  with  equal  care,  with  the 
narrow  line  of  hydrogen  when  tbe  spark  is  taken  in  rarefied  hydrogen.  The 
coincidence  of  the  line  of  the  nebula  with  that  of  hydrogen  appeared  to  be 
perfect. 

Now  these  coincidences  with  hydrogen  and  nitrogen  were  made  with  an 
apparatus  in  which  a  difference  in  wave-length  of  0*0460  millionth  of  a 
millimetre  would  have  been  detected.  The  great  probability  that  these  lines 
are  emitted  by  hydrogen  and  nitrogen  existing  in  the  nebula,  appears  by 
these  observations  to  be  strengthened  almost  to  certainty.  We  learn  also 
that  the  nebula  was  not  receding  from  us  with  a  velocity  greater  than  10 
miles  per  second ;  for  this  motion,  in  addition  to  the  earth's  motion  in  the 
same  direction  at  the  time,  would  have  caused  a  want  of  coincidence  that 
could  have  been  observed.  If,  however,  the  nebula  were  approaching  us  it 
might  have  a  velocity  as  great  as  20  miles  per  second ;  for  part  of  this  motion 
would  be  annulled  by  tho  earth's  motion  in  a  contrary  direction. 

It  was  found  that  when  the  intensity  of  tho  spectrum  of  nitrogen  was 
greatly  diminished  by  removing  the  induction-spark  in  nitrogen  to  a  dis- 
tance from  tho  slit,  the  whole  spectrum  disappeared  with  the  exception  of 
the  double  line,  which  agrees  in  position  with  the  line  in  the  nebulae,  so 
that  under  these  circumstances  the  spectrum  of  nitrogen  resembled  the  mono- 
chromatic spectrum  of  some  nebulae.  It  is  obvious  that  if  the  spectrum  of 
hydrogen  were  similarly  reduced  in  intensity,  the  strong  line  in  the  blue, 
which  corresponds  to  the  third  line  of  the  nebular  spectrum,  would  remain 
visible  after  the  line  in  the  red  and  the  lines  more  refrangible  than  F  had 
become  too  feeble  to  affect  the  eye. 

These  observations  suggest  the  interesting  question,  whether  the  few  lines 
of  the  spectra  of  these  objects  represent  the  whole  of  the  light  emitted  by 
them,  or  whether  these  lines  are  the  strongest  lines  only  of  their  spectra 
which  have  succeeded  in  reaching  the  earth.  At  present  we  have  no  posi- 
tive evidence  on  this  point.  Since  these  bodies  have  a  sensible  diameter, 
and  in  all  probability  present  a  continuous  luminous  surface,  we  can  hardly 
suppose  that  any  lines  have  been  extinguished  by  the  effect  of  the  distance 
of  the  objects  from  us.  If  we  should  ever  have  reason  to  believe  that  the 
other  lines  which  are  present  in  the  spectra  of  nitrogen  and  hydrogen  are 
quenched  on  their  way  to  us,  we  should,  it  seems,  have  to  regard  their  dis- 
appearance as  an  indication  of  a  power  of  extinction  residing  in  cosmical 
space,  similar  to  that  which  was  suggested  from  theoretical  considerations 
by  Cheseaux,  and  afterwards  supported  on  other  grounds  by  Olbers  and  the 
elder  Struve. 

*  Secchi,  indeed,  states  that  with  his  direct  spectroscope  this  line  in  the  annular  nebula 
in  Lyra  was  double.  As,  however,  the  image  of  the  nebula  was  viewed  directly  after 
elongation  by  a  cylindrical  lens,  and  without  a  slit,  it  is  probable  that  the  two  lines  may 
•orrespond  to  the  two  sides  of  the  elongated  annulus  of  the  nebula. 
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§  TO.  Observations  of  Comets, 

As  soon  as  I  had  successfully  applied  the  analysis  by  the  prism  to  the 
light  of  the  nebula),  it  appeared  to  me  to  be  of  great  importance  to  subject; 
the  light  of  comets  to  a  similar  examination,  especially  as  we  possessed  no 
certain  knowledge  of  the  intimate  nature  of  these  singular  and  enigmatical 
bodies,  or  of  the  cosmical  relations  they  may  sustain  to  the  solar  system. 

Several  attempts  which  I  made  to  obtain  a  prismatic  observation  of  Comet  I., 
1864,  were  rendered  unsuccessful  by  the  position  of  the  comet,  and  by  un- 
favourable weather.  M.  Donati  succeeded  in  making  an  observation  of  its 
spectrum.     He  describes  it  as  consisting  of  three  bright  bands  *. 

In  the  discourse  I  had  the  honour  to  give  before  the  Association  at  Not- 
tingham, I  described  the  results  of  the  analysis  of  a  very  small  and  faint 
comet,  Comet  I.  1866.  Its  spectrum  was  compound,  and  showed  that  the 
nucleus  was  self-luminous,  and  the  surrounding  coma  was  visible  by  reflect- 
ing solar  light.  The  position  of  the  bright  line,  into  which  the  light  of  the 
nucleus  was  resolved,  appeared,  as  far  as  the  faintness  of  the  object  per- 
mitted a  determination,  not  to  differ  greatly  from  that  of  the  brightest  line 
of  the  nebulae.  I  was  led  by  this  circumstance  to  suggest  that  possibly  the 
material  of  the  comet  was  similar  to  the  matter  of  which  the  gaseous  nebulas 
consist.  A  subsequent  examination  of  three  other  comets,  of  which  the 
principal  results  will  be  given  in  this  paper,  shows  that  this  suggestion  of 
the  identity  of  the  material  of  comets  with  that  of  some  of  the  nebulae  can- 
not be  maintained. 

Tho  spectrum  of  a  faint  comet  examined  in  May  1867  resembled  that  of 
Comet  I.,  1866.  The  light  of  the  self-luminous  nucleus  gave  a  line  between 
b  and  F,  and  the  coma  was  represented  by  a  continuous  spectrum,  which 
showed  that  it  reflected  solar  light. 

Brorsen's  Comet. 

From  May  2  to  May  13  I  examined  the  spectrum  of  Brorsen's  comet  at 
its  reappearance  in  1868.  This  comet  was  brighter  than  the  two  comets  I 
had  previously  examined ;  and  I  was,  from  this  cause,  enabled  to  obtain  a 
fuller  and  more  complete  analysis  of  its  light. 

Its  spectrum,  as  seen  in  a  spectroscope  furnished  with  two  prisms  of  dense 
flint  glass,  with  a  refracting  angle  of  60°,  is  represented  in  fig.  2.  PL  V. 

The  comet  appeared  in  the  telescope  as  a  nearly  round  nebulosity,  in 
which  the  light  increases  rapidly  towards  the  centre,  where  on  some  occasions 
I  detected,  I  believe,  a  small  nucleus. 

The  spectrum  consisted,  for  the  most  part,  of  three  bright  bands,  into 
which  the  light  of  the  brighter  portions  of  the  coma  was  dispersed.  These 
bands  I  was  unable  to  resolve  into  lines,  even  when  the  slit  was  made  narrow. 

The  position  of  the  bands  was  determined  by  micrometrical  measures,  and 
also  by  the  simultaneous  comparison  of  them  with  the  bright  lines  of  mag- 
nesium, sodium,  hydrogen,  and  nitrogen.  The  brightest  band,  which  may  be 
considered  to  represent  about  three-fourths  of  the  whole  light  of  the  comet, 
occurs  between  S  and  F,  and  is,  in  a  small  degree,  less  refrangible  than  the 
line  of  nitrogen  with  which  the  brightest  of  the  three  lines  of  the  nebulae  is 
coincident.  The  band  in  the  blue  was  considerably  more  refrangible  than 
F,  and  was  nearly  as  refrangible  as  the  group  of  bright  lines  in  the  air- 
spectrum  which  have  tho  numbers  2642  to  2669  in  the  maps  and  tables  of 

*  Monthly  Notices  of  the  Koyal  Astronomical  Society,  vol.  xxv.  p.  490 ;  and  Astrono- 
mische  Nachrichten,  No.  1488. 
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my  paper  "  On  the  Spectra  of  the  Chemical  Elements  "  *.  The  least  refran- 
gible of  the  bands  occurred  in  the  yellow  portion  of  the  spectrum  at  about 
the  distance  from  E  of  one-third  of  the  interval  which  separates  E  from  D. 

In  Brorsen's  comet,  at  the  time  of  the  observations,  the  whole  of  the  bright 
middle  part  of  the  nebulosity  forming  the  coma  was  self-luminous,  and  it 
was  only  the  extreme  very  faint  portions  of  the  object  which  gave  a  conti- 
nuous spectrum. 

Comet  II.,  1868. 

On  June  18  a  comet  was  discovered  by  Dr.  Winnecke  at  Carlsruhe,  and 
also  independently  the  same  night  by  M.  Becquet,  Assistant- Astronomer  at 
the  observatory  of  Marseilles. 

On  June  22  I  examined  this  comet,  which  consisted  of  a  nearly  circular 
coma,  which  became  rather  suddenly  brighter  towards  the  centre,  where 
there  was  a  nearly  round  spot  of  light ;  from  this  a  tail  was  traced  for  nearly 
a  degree  (see  fig.  1.  PL  Y.). 

When  a  spectroscope,  furnished  with  two  prisms  of  60°,  was  applied  to 
the  telescope,  the  light  of  the  comet  was  resolved  into  three  very  broad  bands, 
which,  as  will  be  seen  in  the  diagram,  do  not  correspond  exactly  to  the  bright 
bands  of  Brorsen's  comet. 

In  the  two  more  refrangible  bands  the  light  was  brightest  at  the  less  re- 
frangible limit,  and  gradually  diminished  towards  the  other  side  of  the  bands. 
In  the  middle  and  brightest  band  the  gradation  of  light  was  not  uniform, 
but  continued  of  nearly  equal  brilliancy  for  a  distance  from  the  less  refran- 
gible side  of  about  one-third  of  the  breadth  of  the  band.  This  band  appeared 
to  be  commenced  at  its  brightest  side  by  a  distinct  bright  line. 

The  least  refrangible  of  the  bands  did  not  exhibit  a  similar  gradation  of 
brightness,  but  was  rather  brighter  about  the  middle  of  its  breadth. 

It  will  be  seen,  by  a  reference  to  tho  diagram  (fig.  2.  PI.  V.),  that  the  two 
more  refrangible  bands  are  longest  at  their  brightest  limits,  and  become  shorter 
in  the  same  proportion  as  they  become  fainter.  This  appearance  does  not  show 
any  difference  between  the  light  of  the  coma  and  of  the  bright  central  spot, 
but  arises  from  the  circumstance  that  the  light  of  the  comet  becomes  gra- 
dually fainter  from  the  centre  towards  the  circumference ;  and  consequently 
the  light  which  the  eye  perceives  in  the  spectrum,  though  similar  through- 
out, is  too  feeble  to  be  perceived  at  the  ends,  as  the  bands  become  fainter. 
This  obvious  explanation  is  shown  to  be  tho  right  one  by  the  appearance  of 
the  least  refrangible  band,  in  which  a  gradation  of  light  did  not  take  place. 
In  this  band  the  increase  of  light  towards  the  centre  of  the  coma  showed 
itself  as  a  bright  axial  line  gradually  fading  off  in  both  directions. 

When  tho  marginal  positions  of  the  coma  were  brought  upon  the  slit,  the 
three  bright  bands  could  still  be  seen;  but  when  the  light  became  very 
faint,  the  spectrum  appeared  to  me  to  be  continuous,  but  it  was  too  faint  to 
be  traced  beyond  the  positions  of  tho  bands,  towards  the  violet,  or  the  red. 
The  tail  was  brought  upon  the  slit,  but  I  was  unable,  from  its  excessive  faint- 
ness,  to  determine  anything  as  to  the  character  of  its  spectrum. 

The  bands  are  laid  down  in  the  diagram  from  careful  measures  obtained 
with  the  micrometor-screw  attached  to  the  small  telescope  of  the  spectrum- 
apparatus.  "When  I  compared  the  spectrum  of  tho  comet  obtained  in  this 
way  with  some  diagrams  of  the  spectrum  of  carbon  which  I  had  prepared  in 
1864,  I  was  much  interested  to  find  that  the  three  bands  of  tho  comet's 
spectrum  agreed  exactly,  not  only  in  position,  but  also  in  their  general  cha- 

*  Phil.  Trans.  1804,  p.  151. 
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racters,  with  the  spectrum  of  carbon  as  it  appears  when  the  induction-spark 
is  taken  in  a  current  of  defiant  gas. 

These  observations  on  the  spectrum  of  carbon  were  undertaken  in  con- 
tinuance of  my  researches  on  the  "  Spectra  of  the  Chemical  Elements."  I 
have  not  yet  made  them  public,  as  they  are  not  so  complete  as  I  hope  to 
make  them. 

It  may  be  stated,  as  the  general  result  of  this  investigation,  that  though 
in  all  cases  the  essential  features  of  the  spectrum  of  carbon  remained  unal- 
tered, certain  small  modifications  were  observed  when  the  spectrum  was 
obtained  under  different  conditions. 

Two  of  these  slightly  modified  forms  of  the  spectrum  of  carbon  are  given 
in  fig.  2.  PI.  V.  The  first  spectrum  was  obtained  by  taking  the  induction- 
spark  between  the  points  of  platinum  wires,  sealed  in  glass  tubes,  and  im- 
mersed in  olive-oil.  This  spectrum  may  be  taken  as  exhibiting  the  typical 
form  of  the  spectrum  of  carbon.  The  brilliant  line  in  the  red  part  of  the 
spectrum,  which  is  in  a  small  degree  less  refrangible  than  the  line  of  hydro- 
gen corresponding  to  Fraunhofer's  C,  is  not  seen  when  carbon  is  heated  in 
the  presence  of  hydrogen*. 

The  second  spectrum  in  the  diagram  exhibits  the  slightly  modified  spectrum 
which  is  produced  when  the  induction-spark  passes  in  a  current  of  olefiant 
gast.  It  will  be  seen  that  the  carbon  emits  light  of  the  same  refrangi- 
bility  as  in  the  former  case ;  but  the  separate  lines  are  no  longer  distinct, 
and  the  shading  is  not  resolved  into  the  numerous  fine  lines  which  were  then 
visible.  The  very  close  agreement  of  the  comet's  spectrum  with  this  form  of 
the  spectrum  of  carbon  showed  the  importance  of  comparing  the  two  spectra 
directly  in  the  spectroscope. 

On  the  following  evening  this  was  satisfactorily  accomplished.  My  friend 
Dr.  W.  Allen  Miller  was  present  in  the  observatory  on  this  evening,  and  kindly 
took  part  in  the  observations  which  were  made. 

A  glass  gas-holder,  a  (woodcut,  p.  162),  containing  olefiant  gas,  was  con- 
nected by  a  flexible  tube  with  a  glass  tube,  6,  into  which  platinum  wires  were 
soldered.  This  tube  was  so  fixed  that  the  spark  between  the  wires  was  suit- 
ably reflected  by  the  small  mirror,  c,  into  the  spectroscope  attached  to  the 
telescope,  so  that  the  spectrum  of  carbon  appeared  directly  below  the  spec- 
trum of  the  comet. 

We  were  satisfied  that  within  the  limits  of  the  dispersive  power  of  the 
instrument  employed,  which  may  be  taken  at  about  the  breadth  of  the  double 
line  D,  the  two  spectra  were  coincident,  not  only  in  the  position  of  the  bands, 
but  also  in  their  general  characters,  and  their  relative  brightness. 

This  direct  comparison  I  repeated  on  June  25,  with  an  equally  satisfactory 
result. 

The  lines  of  hydrogen  (which,  of  course,  were  present  in  the  spectrum  of 
the  olefiant  gas)  were  not  to  be  seen  in  the  spectrum  of  the  comet. 

The  very  close  resemblance  of  the  spectrum  of  this  comet  to  the  spectrum 
of  carbon  necessarily  suggests  the  identity  of  the  substances  by  which,  in 
both  cases,  the  light  was  emitted,  though  indeed  the  great  fixity  of  carbon 
seems  to  raise  a  difficulty  in  the  way  of  accepting  this  conclusion.  Some 
two  or  three  comets  have  been  known  to  approach  the  sun  sufficiently  near 
to  acquire  a  temperature  high  enough  to  convert  even  carbon  into  vapour. 
Indeed  for  such  comets  a  body  of  some  fixity  seem3  to  be  necessary.     With 

*  Phil.  Trans.  1664,  j>.  145. 

f  In  the  Plate  the  bright  line  at  the  beginning  of  the  middle  band  of  this  spectrum  is 
made  too  strong. 
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respect  to  the  majority  of  comets,  which  are  subjected  to  a  less  fierce  glare  of 
solar  heat,  it  may  be  suggested  that  this  supposed  difficulty  is  one  of  degree 
only;  for  we  do  not  know  of  any  conditions  under  which  even  a  gas  permanent 
at  the  temperature  of  the  earth  could  maintain  sufficient  heat  to  emit  light 


state  of  things  which  appears  to  exist  permanently  in  the  case  of  the 
gaseous  nebulae. 

The  important  difference  which  exists  between  the  spectrum  of  Brorsen's 
comet  and  that  of  Comet  II.,  1868,  appears  to  show  that  the  constitution  of 
comets  may  possibly  not  be  in  all  cases  the  same.  In  a  paper  presented  to 
the  Royal  Society,  I  have  ventured  on  some  speculations  with  reference  to  the 
bearing  of  these  observations  on  certain  phenomena  which  are  usually  exhi- 
bited by  comets. 

§  IV.  Observations  of  the  Sun. 

I  have  observed  tho  sun  with  the  spectroscope  with  three  distinct  objects 
in  view : — 

1.  To  discover  if  the  light  from  tho  less  luminous  part  of  the  sun  near 
the  limb  gives  a  spectrum  which  differs  in  any  respect  from  that  which  is 
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formed  by  the  light  from  the  bright  central  parts  of  the  solar  disk.     I  have 
as  yet  failed  to  detect  any  difference. 

2.  It  appeared  possible  that  a  view  of  the  red  prominences  visible  during 
a  solar  eclipse  might  be  obtained  by  reducing  the  light  of  our  atmosphere 
by  means  of  prismatic  dispersion ;  for,  under  these  circumstances,  if  the  red 
prominences  give  a  spectrum  of  bright  lines,  these  lines  would  remain  but 
little  diminished  in  brightness,  and  might  become  visible.  Observations  with 
this  object  in  view  have  been  made  during  the  last  two  years  by  different 
mothods,  but  hitherto  without  success. 

3.  The  third  investigation,  in  which  some  success  has  been  obtained,  was 
with  a  view  to  gain,  from  an  examination  of  the  spectra  of  the  umbrae  and 
penumbne  of  spots,  some  information  as  to  the  nature  of  these  phenomena. 
I  had  already  made  some  observations  in  this  direction,  when,  in  August 
1866,  I  received  a  note  from  M.  Paye,  in  which  he  suggests  to  me  the 
prismatic  examination  of  solar  spots  with  reference  especially  to  the  theo- 
retical views  of  the  sun  proposed  by  him. 

My  first  observations  were  made  with  a  small  spectroscope,  which  was  so 
arranged  that  the  image  of  the  sun  was  formed  upon  the  slit  after  its  heat 
had  been  enfeebled  by  reflection  from  a  prismatic  solar  eyepiece.  The  prin- 
cipal solar  lines  were  observed  to  be  stronger  in  the  spectrum  of  the  light 
from  the  umbra. 

I  use  the  term  "  umbra''  to  describe  the  whole  of  the  dark  part  within  the 
penumbra,  since  it  was  not  possible  in  these  observations  to  distinguish  the 
two  distinct  parts  of  which,  in  most  spots,  it  is  seen  to  consist,  namely,  the 
nucleus  and  the  cloudy  stratum,  which  were  first  described  by  Mr.  Dawes. 

In  October  1866,  Mr.  Loekyer,  who  had  independently  made  similar  ob- 
servations, presented  a  paper  to  the  Royal  Society.  He  observed  the  lines 
to  be  thicker  where  they  crossed  a  spot. 

It  was  not  .until  April  15,  1868,  that  a  favourable  opportunity  occurred 
to  observe  the  spectrum  of  a  spot  with  the  powerful  spectroscope  described 
in  this  paper.  The  spectroscope  was  rotated  until  the  length  of  the  slit  was 
in  the  direction  of  the  length  of  the  spot.  When  the  middle  of  the  umbra 
was  brought  upon  the  slit,  its  spectrum  appeared  as  a  feebly  illuminated 
band  upon  the  bright  solar  spectrum.  The  band  appeared  divided  into  two 
parts  by  the  spectrum  of  the  bright  prominence,  which  at  the  time  ex- 
tended nearly  across  the  umbra.  It  was  obvious  that  a  part  only  of  the 
light  which  appeared  to  form  the  spectrum  of  the  umbra  came  from  that 
region  of  the  sun.  The  imperfect  transparency  of  our  atmosphere  causes 
it  to  become  strongly  illuminated  when  the  sun  shines  upon  the  earth ;  and 
the  brilliant  light  which  is  seen  to  be  radiated  by  it  near  the  sun's  limb  ia 
also  radiated  by  that  part  of  the  atmosphere  which  is  between  the  observer 
and  the  sun. 

In  order  to  determine  how  much  of  the  light  came  from  the  atmosphere,  I 
made  use  of  a  graduated  wedge  of  neutral-tint  glass,  which  was  first  inter- 
posed before  the  eye  when  the  atmosphere  near  the  limb  was  upon  the  slit. 
The  wedge  was  moved  until  the  lines  ceased  to  be  distinguishable.  When 
the  umbra  was  upon  the  slit,  the  wedge  was  again  moved  so  as  to  bring  the 
same  part  of  the  spectrum  to  the  same  degree  of  obscurity,  as  nearly  as  could 
be  judged  by  the  inability  of  the  eye  to  distinguish  the  lines.  In  this  way 
it  was  found  that,  roughly,  about  three-fourths  of  the  light  which  formed 
the  spectrum  of  the  umbra  was  really  due  to  that  part  of  the  sun. 

As,  in  consequence  of  the  way  in  which  the  spectrum  is  formed,  under 
similar  instrumental  conditions  the  dark  lines  should  appear  rather  thicker 
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when  the  light  is  feeble,  the  lines  as  they  appeared  in  the  still  feebler  light 
of  the  atmosphere  near  the  sun's  edge  were  carefully  compared  with  the 
same  lines  in  the  spectrum  of  the  umbra.  The  lines  in  the  former  case, 
though  they  appeared  slightly  stronger,  were  not  so  in  a  degree  that  could 
be  accepted  as  an  explanation  of  the  more  marked  increase  of  strength 
which  they  presented  in  the  spectrum  of  the  umbra.  There  seemed,  there- 
fore, to  be  evidence  of  a  peculiarity  due  to  the  light  of  the  umbra  itself. 

In  the  spectrum  of  the  umbra,  which  was  sufficiently  extended  to  show 
all  the  lines  in  Kirchhoff's  maps,  no  lines  were  detected  which  were  not  also 
present  in  the  spectrum  of  the  sun's  normal  surface,  nor  were  any  lines 
observed  to  be  wanting. 

The  increase  of  thickness  did  not  take  place  in  the  same  proportion  for  all 
the  lines.  The  lines  C  and  F,  due  to  hydrogen,  appeared  to  be  increased  but 
in  a  very  small  degree,  not  more  so  than  would  be  due  to  the  feebler  inten- 
sity of  the  light. 

There  is  a  small  group  of  lines  a  little  less  refrangible  than  6,  at  1601  to 
1609  of  Kirchhoff's  scale,  and  which  in  his  map  are  marked  as  coincident 
with  chromium,  which  were  increased  in  a  very  marked  degree.  The  lines 
D  appeared  in  a  small  degree  broader,  as  if  by  the  addition  of  a  faint  and 
narrow  nebulosity  at  both  edges  (see  fig.  3.  PI.  V.).  The  group  of  lines  at 
B  was  stronger,  also  the  lines  o  and  E  and  many  lines  found  by  Kirchhoff 
to  be  coincident  with  lines  of  iron.  The  absence  of  sensible  increase  in  F 
was  marked,  in  comparison  with  the  greater  strength  of  a  line  or  lines,  on 
the  less  refrangible  side  of  F,  at  about  2066-2  to  2067*1  of  Kirchhoff's  scale. 

No  bright  lines  were  detected  in  the  spectrum  of  the  umbra. 

It  may  be  permitted  to  refer  to  some  of  the  conditions  of  the  solar  surface 
by  which  the  phenomena  observed  might  be  brought  about*. 

A  cooler  state  of  the  heated  vapours  by  which  the  dark  lines  of  the  solar 
spectrum  are  produced  would  diminish  the  radiation  from  the  gas  itself,  and 
thus  leave  more  completely  uncompensated  the  absorption  by  the  gas  of  the 
light  from  behind  it.  Such  a  cause  would  produce  increased  blackness  of  the 
lines,  but  would  not  account  for  more  than  a  very  slight  apparent  increase  of 
breadth.  The  greater  breadth  of  the  lines  may  point  to  a  condition  of  the 
solar  vapours  in  which  their  power  of  absorption  embraces,  for  each  line,  a 
greater  range  of  wave-length.  Such  an  alteration  we  know  to  occur  in 
hydrogen  as  its  tension  increases.  It  may  therefore  be  due  to  an  increase 
of  the  density  of  the  vapours  existing  within  the  umbra. 

We  do  not  know  from  how  a  great  a  depth  below  the  layer  of  bright  gra- 
nules the  light  came  that  we  have  now  under  consideration.  Probably  it 
was  emitted,  for  the  most  part,  by  that  part  of  the  sun  which  Mr.  Dawes 
has  named  the  cloudy  stratum. 

We  have  at  present  no  certain  knowledge  of  the  true  nature  of  a  solar 
spot.  Telescopic  observation  would  seem  to  suggest  that  it  consists  essen- 
tially of  the  unveiling,  by  the  withdrawal  and  dissipation  of  the  layer  of 
bright  granules,  of  that  part  of  the  sun  which  is  immediately  beneath  the 
granules,  and  of  which  we  obtain  some  glimpses  through  the  pore*,  which  are 
always  present,  and  are  of  different  degrees  of  blackness. 

The  absence  of  bright  lines  from  the  spectrum  of  the  umbra  may  show 
that  no  considerable  part  of  the  light  which  emanates  from  the  umbra  of  a 
spot  is  due  to  luminous  gas.     This  negative  evidence,  however,  is  probably 

*  [The  absence  of  increase  in  the  lines  C  and  F  may  show  that  the  absorption  by  hydro- 
gen is  not  materially  increased,  or  it  may  be  caused  by  the  bright  lines  of  prominences 
lying  o?er  the  umbra  of  the  spot. — January  1869.] 
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not  sufficient  to  support  the  conclusion  that  no  part  of  the  light  of  the  umbra 
is  from  such  a  source.  The  luminous  gas  would  emit  light  of  the  same  re- 
frangibility  as  some  of  the  dark  lines  of  the  solar  spectrum.  If  these  existed 
above  the  same  substance  in  a  cooler  state,  the  light  might  be  absorbed,  and 
the  feebler  emanations  of  the  still  luminous  but  cooler  vapours  might  not 
do  more  than  render  less  intense  the  dark  gaps  produced  by  the  vapours  on 
the  stronger  light  of  all  refrangibilities  which  is  also  present.  What  may 
be  the  source  of  this  light  we  do  not  know.  It  is  not  impossible  that  the 
dense  and  intensely  heated  gases  which  probably  form  the  inner  substance  of 
the  sun  may  in  some  cases  emit  lines  so  greatly  expanded  as  to  form,  when 
numerous  spectra  are  superposed,  a  sensibly  continuous  spectrum.  Gases* 
when  dense,  appear  to  give  a  continuous  spectrum,  in  addition  to  that  con-» 
sisting  of  bright  lines. 

§  Y.  Observations  of  the  Planets. 

Mars. — In  a  paper  presented  to  the  Royal  Astronomical  Society  in  March 
1867*,  I  gave  the  results  of  a  further  examination  of  the  spectrum  of  Mars. 
In  that  paper  I  describe  more  fully  than  in  my  former  papers  the  lines  in 
the  spectrum  of  this  planet,  which  show  the  existence  of  an  atmosphere 
similar  to  that  of  the  earth,  though  probably  not  identical  with  it. 

I  give  reasons  which  appear  to  show  that  the  distinctive  ruddy  colour  of 
the  planet  is  not  to  be  attributed  to  the  absorptive  properties  of  its  atmo- 
sphere, but  to  some  peculiarity  which  attaches  to  certain  parts  of  its  surface, 

Neptune. — I  have  several  times  observed  the  spectrum  of  Neptune,  but 
failed  to  detect  any  very  marked  lines  of  absorption  which  might  account 
for  the  blue  colour  of  the  planet.  The  faintness  of  its  spectrum  does  not 
permit  any  great  value  to  be  attached  to  this  negative  result. 


On  Stellar  Spectrometry.     By  Padre  SECCHif. 

Frattnhofer  was  the  first  to  analyze  with  the  prism  the  light  of  some  of  the 
stars.  He  discovered  in  them  lines  analogous  to  those  which  he  had  dis- 
covered in  the  solar  spectrum.  Donati,  an  Italian  astronomer  now  at 
Florence,  resumed  these  researches  and  extended  their  field.  Several  astrono- 
mers followed,  and  amongst  them  the  distinguished  Mr.  Huggins,  to  whom  we 
owe  a  description  of  the  spectra  of  a  great  number  of  stars  and  the  ap- 
plication of  the  principle  of  determining  the  substances  contained  in  a  star 
from  the  black  lines  of  absorption  which  we  see  in  its  spectrum,  as  was 
proposed  by  Kirchhoff.  Mr.  Huggins  also  made  the  wonderful  discovery  of 
the  gaseous  state  of  the  nebulae. 

The  field  opened  by  these  discoveries  was  immense,  and  even  before  the 
date  of  Mr.  Huggins's  publications  I  tried  to  glean  some  ears  in  it.  In  the 
first  stage  of  these  studies  the  principal  stars  only  were  examined,  the  im- 
perfection of  my  instruments  not  allowing  the  examination  of  all  the  hea- 
venly bodies. 

An  optical  combination  which  I  had  the  good  fortune  to  discover,  enabled 
me  to  extend  the  researches  to  the  whole  of  the  visible  stars,  and  even  to 
several  telescopic  ones,  which  present  perhaps  the  greatest  mysteries  of  this 
kind. 

*  Monthly  Notices  of  the  Royal  Astronomical  Society,  vol.  xxvii.  p.  178. 
t  A  communication  ordered  to  be  printed  in  extenw. 
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This  optical  combination  consists  of  a  single  prism  of  that  kind  which  is  used 
for  direct  vision,  combined  with  a  cylindrical  lens.  This  combination  allows 
us  to  employ  the  full  light  of  the  stars,  not  diminished  as  in  common  spec- 
troscopes by  absorption,  or  by  a  slit  and  the  several  surfaces  and  thicknesses 
through  which  the  light  must  pass.  The  image  of  the  star  in  this  system  is 
formed  in  the  focus  as  a  luminous  line  of  white  colour  if  there  is  no  prism ; 
and  with  the  prism  the  image  is  decomposed  into  a  series  of  luminous  lines 
arranged  according  to  their  refrangibilities,  the  interruptions  due  to  the  dis- 
continuity of  the  light  appearing  as  black  lines. 

In  such  a  speotrum  the  relative  position  of  the  lines  can  be  measured  with 
a  common  sorew-micrometer ;  and  their  absolute  position  can  be  determined  by 
comparison  with  fundamental  stars,  whose  lines,  on  account  of  their  in- 
tensity, can  be  fixed  in  an  absolute  manner  relatively  to  known  substances 
by  a  common  slit-spectroscope.  The  comparison  and  measurement  are 
rendered  more  easy  by  an  improvement  introduced  in  the  instrument,  by 
means  of  which  I  can  see  the  direct  image  of  the  star  together  with  its  spec- 
trum. The  superposition  of  this  image  on  a  spectral  line  in  a  part  of  the 
field  of  the  telescope,  marked  by  a  wire,  is  susceptible  of  great  nicety  in 
measurement,  and  gives  very  acourate  results. 

This,  in  a  few  words,  was  the  apparatus  employed  in  my  researches.  This 
year  I  have  made  a  considerable  improvement  by  employing  an  eyepiece 
made  with  cylindrical  lenses  only ;  with  these  such  an  intensity  of  light  is 
obtained  that  I  have  been  able  to  observe  the  spectra  of  stars  of  the  seventh 
and  eighth  magnitudes,  which  are  of  course  quite  invisible  to  the  naked  eye. 

Let  us  come  now  to  the  results.  Many  hundred  stars  of  every  magnitude 
to  the  sixth  were  passed  in  review.  A  catalogue  of  the  chief  of  them  has 
been  made,  and  partly  published.  The  work  of  the  last  year,  yet  unpub- 
lished, has  been  especially  the  examination  of  the  red  stars  of  smaller  mag- 
nitudes, of  which  a  particular  research  was  instituted,  but  which  was 
superseded  after  the  reception  of  the  catalogue  of  Prof.  Schjelerup.  All 
the  objects  contained  in  this  catalogue  (printed  also  in  Chambers's  Treatise 
on  Astronomy)  have  been  examined  to  the  eighth  magnitude,  beyond  which 
limit  my  instrument  cannot  give  a  good  spectrum. 

The  principal  results  and  conclusions  at  which  I  have  arrived  are  these : — 

1st.  All  the  stars  in  relation  to  their  spectrum  can  be  divided  into  four 
groups,  for  each  of  which  the  type  of  spectrum  is  quite  different. 

The  first  typo  is  represented  by  the  stars  Sirius,  and  Vega  or  a  Lywe,  and 
by  all  the  white  stars,  as  a  AquUae,  Kegulus,  Castor,  the  large  stars  in  the 
Great  Bear,  o  excepted,  &c.  The  spectra  of  all  these  stars  consist  of  an 
almost  uniform  prismatic  series  of  colours,  interrupted  only  by  four  very  strong 
black  lines.  Of  these  black  lines  the  ono  in  the  red  is  coincident  with  the 
solar  line  C  of  Fraunhofer ;  another,  in  the  blue,  coincides  with  the  line  F ;  the 
other  two  are  also  in  the  sun's  spectrum,  but  they  have  no  prominent  place. 
These  lines  all  belong  to  hydrogon  gas ;  and  the  coincidence  of  theso  four 
black  lines  with  those  of  the  gas  has  been,  by  careful  experiments,  already 
proved  by  Mr.  Huggins,  and  also  lately  by  myself.  In  a  Lyrae  the  coinci- 
dence is  found  to  be  perfectly  accurate.  Mr.  Huggins,  however,  finds  a 
little  difference  in  the  spectrum  of  Sirius,  for  which  we  may  account  in  an- 
other way,  as  I  will  explain  presently. 

Stars  of  this  first  type  are  very  numerous,  and  embrace  almost  one-half  of 
the  visible  stars  of  the  heavens.  We  observe,  however,  some  difference  in 
individual  stars ;  so  that  in  some  the  lines  are  broader,  and  in  others  nar- 
rower ;  this  may  be  due  to  the  thickness  of  the  stratum  which  has  been 
traversed  by  the  luminous  rays.     The  more  vivid  stars  have  other  very  fine 
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lines  occasionally  visible,  but  which  are  not  characteristic  of  the  type-form. 
In  this  type  the  red  rays  are  very  faint  in  proportion  to  the  blue,  violet,  and 
green,  so  that  the  colour  of  the  star  tends  to  the  blue  hue,  and  occasionally 
to  the  green.  Of  this  last  kind  is  the  group  of  the  large  constellation  Orion 
and  its  neighbourhood. 

The  second  type  is  that  of  the  yellow  stars,  as  Capella,  Pollux,  Arcturus, 
Aldebaran,  a  Ursae  Majoris,  &c.  These  stars  have  a  spectrum  exactly  like 
that  of  our  sun — that  is,  distinguished  by  very  fine  and  numerous  lines. 
These  stars  give  occasionally  a  continuous  spectrum,  when  the  state  of  the 
atmosphere  is  not  good ;  but  in  general  the  lines  may  be  distinguished  very 
easily.  A  fuller  description  is  unnecessary,  since  tho  spectrum  of  the  sun 
is  very  well  known.  The  only  thing  which  deserves  particular  attention  is 
that  in  this  class  occasionally  the  magnesium  lines  are  very  strong,  so  as  to 
produce  very  strong  bands,  and  the  iron  lines  in  the  green  are  in  some  very 
distinct.  These  stars  can  be  distinguished  even  without  the  prism  by  the 
difference  of  colour,  a  rich  yellow,  which  contrasts  strongly  with  that  of  the 
first  type.  Stars  of  this  second  type  are  very  numerous,  and  embrace  almost 
the  other  half  of  the  stars. 

The  third  and  very  remarkable  type  is  that  of  orange  or  reddish  stars. 
These  have  as  a  prototype  the  stars  a  Herculis,  a  Orionis,  Antares,  o  Ceti, 
/3  Pegasi.  The  spectra  of  these  stars  show  a  row  of  columns  at  least  eight  in 
number,  which  are  formed  by  strong  luminous  bands  alternating  with  darker 
ones,  so  arranged  as  to  represent  apparently  a  series  of  round  pillars,  closely 
resembling  a  colonnade,  o  Herculis  is  exceedingly  remarkable  in  this  respect ; 
the  other  stars  are  more  or  less  clearly  divided  into  pillars ;  but  it  is  quite 
impossible  to  describe  the  beauty  of  the  appearance  which  is  visible  in  a 
telescope  on  a  fine  night. 

All  the  pillars  are  generally  resolved  more  or  less  completely  in  different 
stars  into  smaller  and  finer  lines,  very  sharp  and  clear.  I  have  carefully 
drawn,  after  actual  measurements,  the  spectrum  of  a  Orionis  and  a  Herculis ; 
and  in  my  memoir  those  of  Antares  and  Aldebaran  are  given.  In  these  stars 
some  of  the  divisions  of  the  pillars  correspond  to  some  principal  lines  of  Fraun- 
hofer,  as  D  and  b ;  but  others,  although  very  near,  do  not  coincide  with  them, 
as  C  and  F.  The  presence  of  hydrogen,  however,  is  certain,  the  lines  C  and 
F  having  been  found  in  tho  principal  of  them. 

The  divisions  of  the  pillars  after  many  measurements  have  t>een  found  to 
agree  perfectly  in  all  these  stars  ;  so  that  this  type  is  very  constant  and  well 
marked.  In  my  catalogue  25  of  these  most  interesting  objects  are  registered  ; 
and  I  do  not  imagine  that  I  have  exhausted  the  number. 

A  very  interesting  feature  connects  this  type  with  the  preceding  one. 
Here  I  must  remark  that  we  have  to  distinguish  between  lines  and  bands 
of  shadow.  The  lines  are  strips  narrow  and  sharp,  the  bands  are  shaded ; 
although  perhaps  each  band  may  be  composed  of  very  small  lines,  the 
aspect  with  our  instruments  (as  at  present  constructed)  is  that  of  a  more  or  less 
continuous  shade.  This  shade  is  analogous  to  that  which  is  produced  by  the 
vapour  of  our  atmosphere  in  the  spectrum  of  the  sun  when  it  is  near  the 
horizon. 

Now  it  is  a  very  remarkable  fact  that  these  types  seem  to  differ  from  one 
another  not  in  tho  metallic  lines,  but  in  the  nebulous  bands.  Thus,  for  in- 
stance, the  spectrum  of  Arcturus  and  Aldebaran  represent  the  same  metallic 
lines  as  a  Orionis,  but  this  has  bands  in  addition ;  tho  feature,  however,  is 
altogether  so  peculiar  that  a  different  type  must  be  constituted.  It  is  to  be 
remarked  also  that  all  the  pillars  have  their  luminous  sides  toward  the  red, 
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while  the  shadowed  sides  are  towards  the  violet ;  this  difference  is  very  sub- 
stantial, as  we  shall  see  presently. 

The  following  is  a  list  of  the  most  remarkable  stars  of  this  type : — 


o  Ceti 

Nova 

234 

aCeti 

137 

254 

p  Persei 
Schjel.  44 
45 

160 

162 

Arcturus 

/>  Pegasi 
266 
267 

59 

Orionis 

67 

Schjel.  178 
An  tares 
a  Herculis 

a  Idne 
5  Virginis 

120 

Nova 

(Their  positions  can  be  obtained  from  Chambers's  '  Astronomy.') 

The  fourth  type  is  not  less  remarkable.  This  is  the  result  of  a  laborious 
research  on  the  telescopic  stars  of  a  red  colour.  Some  of  these  are  very 
small ;  and  none  of  them  exceed  the  sixth  magnitude.  This  is  the  reason 
why  in  my  first  memoir  I  limited  the  spectra  to  three  types  only,  being  en- 
gaged on  larger  stars  only.  The  spectrum  of  this  type  consists  of  three  large 
bands  of  light,  which  alternate  with  dark  spaces  so  distributed  as  to  have 
the  most  luminous  side  towards  the  violet. 

A  very  fine  prototype  of  this  is  seen  in  the  small  star  of  the  Great  Bear,  of 
the  position  R.  A.  =  12h  38m*5,  Decl. =46°  15'  N.  But  occasionally  there  are  in 
the  yellow  and  red  numerous  interruptions,  which  divide  these  large  luminous 
spaces  into  smaller  ones,  as  in  the  stars  B..  A.  =22h  52m*5,  Decl.=  —  25° 51',  and 
R.A.=6h  26m-9,  Decl. =38°  33'.  A  great  part  of  the  red  stars  of  the  catalogue 
of  Lalande,  and  of  that  of  M.  Schjelerup,  belong  to  this  or  the  preceding  type ; 
of  this  last  class  I  have  found  seventeen  remarkable  examples.  The  cha- 
racteristic colour  here  also  may  be  a  guide  in  the  research,  since  some  of 
these  are  like  drops  of  blood  in  the  field  of  the  telescope.  It  is  to  be  noticed 
that  the  line  of  magnesium  o  falls  almost  exactly  at  the  end  of  the  second 
luminous  band  in  the  green ;  but  the  full  aspect  of  the  spectrum  does  not 
justify  the  presence  of  such  metal,  but  rather  of  a  gas  like  carbon,  which  has 
luminous  bands  corresponding  almost  to  the  dark  ones  of  the  star,  but  not 
exactly. 

I  do  not  attempt,  however,  to  fix  the  nature  of  the  substances,  since  I 
have  not  yet  made  a  sufficient  number  of  comparative  measurements ;  but  it 
seems  to  me  that  we  are  authorized  in  supposing  these  stars  to  be  still  in  a 
different  condition  from  others,  perhaps  partly  in  the  gaseous  state,  or  at  least 
surrounded  by  a  very  large  atmosphere  different  certainly  from  that  of  the 
others. 

The  following  is  a  Catalogue  of  these  Stars  of  the  fourth  type. 


t»   9   | 

tin 

Right 
Ascension. 

Declination. 

6 

i 

Remarks. 

**  *  L 
'-."Sao  £!  Ascension. 

fco  ° 

1               ' 

Declination. 

1 
1 

a 

Remarks. 

h     m 

o       / 

1    h     m 

41 

4    362 

+  07  54 

6* 

Fine. 

,  152    '  12   38-5 

+  4°6  15 

6* 

Superb. 

43 

4   42-8 

+  28  16 

8* 

159       13   19-3 

-  11  59 

54 

51 

4    58-1 

+     0  59 

6* 

I  163       13   473 

+  41     2 

7* 

78 

6   269 

+  38  33 

64 

Fine. 

229       19   26-5 

+  76  17 

04 

89 

7    11-5 

-  11  43 

74 

1  238    ,20     8  6 

-  21  45 

0* 

124 

9   440 

-  22  22    04 

249    ,  21    25-8 

H-  50  58  1  9* 

128 

10     58 

-  34  38    7* 

252 

21   38-6 

+  37  13  ■  8>* 

132 

10   307 

-  12  39  |  6» 

Fine. 

!  273 

23   39  2 

+    2  42 1  6* 

Fine. 

136 

10   44-8 

-  20  30    64 

|  276 

22  62*6 

-  25  51    6* 

Very  fine. 
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The  most  striking  object  for  its  singularity  which  I  have  met  in  this  ex^ 
amination  of  the  heavens,  and  which  is  quite  unique,  with  the  exception  of  a 
very  faint  companion,  is  y  Cassiopeia.  This  star  showed  to  me  for  the  first 
time  the  lines  of  hydrogen  in  a  luminous  state,  exactly  the  reverse  of  the 
dark  lines  of  the  stars  of  the  first  type.  The  star  fl  Lyree  has  the  same  fea- 
ture, but  in  a  very  faint  degree. 

"We  have  therefore,  without  doubt,  in  the  heavens  a  grand  fact,  the  fun- 
damental distinction  between  the  stars  according  to  a  small  number  of 
types ;  this  opens  a  field  for  very  many  important  cosmological  speculations. 

2.  Another  grand  fact  which  was  brought  out  from  these  researches  was, 
that  the  stars  of  the  same  type  are  occasionally  crowded  in  the  same  space 
of  the  heavens.  Thus  the  white  stars  are  thickly  gathered  in  Leo,  in  Ursa 
Major,  in  Lyra,  Pleiades,  &c.,  while  the  yellow  ones  are  very  frequent  in 
Cetus,  in  Eridanus,  Hydra,  &c.  The  region  of  Orion  is  very  remarkable  for 
having  all  over  and  in  its  neighbourhood  green  stars  of  the  first  type,  but  with 
very  narrow  lines  and  with  scarcely  any  red  colour.  It  seems  that  this  par- 
ticular kind  of  star  is  seen  through  the  great  mass  which  constitutes  the 
great  nebula  of  Orion,  whose  spectrum  may  contrast  with  the  primitive 
spectrum  of  the  stars.  Sirius  is  perhaps  too  near  us  to  be  affected  by  this 
influence. 

This  distribution  of  stars  seems  to  indicate  in  space  a  particular  distribu- 
tion of  matter  or  of  temperature  in  different  regions. 

3.  A  third  very  remarkable  conclusion  arrived  at  is,  that  all  the  spectra 
of  the  third  and  fourth  type  belong  to  variable  stars.  The  representative  of 
these  is  the  wonderful  star  Mira  Ceti.  This  has  been  carefully  examined ; 
and  it  is  found  that  even  when  it  is  only  of  the  seventh  magnitude  it  has 
the  same  typical  spectrum,  only  reduced  to  its  few  bright  columns,  a  Orionis 
is  in  the  same  condition,  o  Tauri  (or  Aldebaran)  and  Arcturus  this  year 
appeared  to  be  smaller  and  of  a  more  red  hue  than  in  the  past  year ;  and  in 
the  first  there  appeared  traces  of  columns  which  were  not  seen  the  year 
before ;  so  that  it  is  evident  that  the  change  of  these  stars  depends  on  a 
periodical  change  which  happens  in  their  atmospheres. 

It  is  not  so,  however,  with  Algol,  which  has  the  very  same  spectrum  of  the 
first  class  or  type  in  every  stage  of  magnitude,  which  induces  me  to  believe 
that  there  the  variation  is  produced  by  the  passage  of  an  opaque  body  pass- 
ing between  it  and  the  central  star,  giving  thus  an  example  of  eclipse  of 
a  fixed  star  by  its  own  obscure  planet. 

4.  Finally,  a  very  delicate  question  was  proposed  by  myself,  to  be  resolved 
by  spectrum  analysis ;  this  consists  in  ascertaining  whether  the  star  has  a 
proper  motion,  by  the  displacement  of  the  lines  which  ought  to  take  place 
in  the  spectrum  owing  to  the  combined  motion  of  the  star  and  the  propaga- 
tion of  light.  From  this  new  kind  of  observation  it  would  be  easy  to  ascer- 
tain if  a  star  has  a  motion  whose  velocity  is  five  times  that  of  our  earth 
around  the  sun.  The  star  a  Lyr®,  examined  in  this  manner,  has  not 
given  any  such  displacement;  !so  that  it  appears  not  to  have  such  a  motion. 
In  some  other  stars  I  have  found  that  there  is  a  little  displacement,  as  in 
e  Urs©  Majoris ;  but  this  seems  especially  due  to  the  different  breadth  of  the 
hydrogen  line  in  the  star  and  in  the  chemical  spectrum.  I  have  used  in  this 
investigation  the  comparison  of  the  direct  image  of  a  star  with  its  own  spec- 
trum, but  I  have  found  no  appreciable  displacement.  My  first  researches 
of  this  kind  commenced  with  the  supposition  that  in  Sirius  there  was  a  per- 
fect coincidence  of  the  lines  of  hydrogen  with  those  of  the  star.  Now  I  am 
told  that  your  distinguished  countryman,  Mr.  Huggins,  has  found  a  little  dif- 
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ference  for  Sinus.  As  his  experience  in  making  such  comparisons  is  greater 
than  mine,  I  leave  to  him  the  solution  of  this  question,  satisfied  that  the  first 
proposal  of  this  method  for  determining  the  proper  motion  of  the  stars,  which 
I  made  in  1863,  has  been  well  received  by  such  a  competent  judge. 

I  will  conclude  with  a  few  words  on  the  nebulae,  and  especially  on  that  of 
Orion.  I  have  the  honour  to  exhibit  a  drawing  of  it,  made  with  every  care ; 
it  is  intended  to  show  how  far  we  may  see  with  a  single  9|-inch  object-glass, 
leaving  to  your  gigantic  instruments  to  penetrate  more  deoply  into  these 
wonderful  objects.  I  shall  only  say  that  on  the  other  side  of  the  galaxy  I 
have  examined  several  nebulae,  and  found  them  to  have  the  same  spectrum 
as  6  Ononis.  A  difficulty,  however,  arose  in  my  mind  about  this  subject,  which 
is  as  follows: — How  can  it  be  that  while  hydrogen  gas  has  so  fine  and  rich 
a  spectrum,  we  do  not  see  in  the  nebulae  anything  except  the  simple  line  F  ? 
I  undertook,  therefore,  a  kind  of  photometrical  discussion  of  the  intensity  of 
luminosity  of  the  different  lines  which  constitute  the  spectrum  of  this  sub- 
stance ;  and  the  result  is  that,  in  diminishing  the  light  by  an  absorbing  screen 
and  simple  reflections,  we  could  reduce  the  spectrum  to  a  single  line  F,  as  we 
see  it  in  the  nebulae.  Even  hydrogen  burning  at  the  ordinary  temperature 
has  not  given  any  lino  besides  this  after  reflection.  The  difficulty  is  there- 
fore completely  removed,  being  only  a  question  of  intensity  of  light. 

Here  you  see  that  the  matter  is  not  exhausted.  TVc  want  yet  to  make  a 
more  thorough  review  of  our  discoveries  to  settle  many  doubtful  points.  It  is 
for  the  chemical  philosopher  to  resolve  some  of  these  difficulties,  the  astrono- 
mer can  walk  here  only  with  the  lamp  of  chemistry.  We  have  already  had 
great  satisfaction  in  seeing  quite  lately  that  the  brilliancy  of  a  comet  was  due 
to  the  rays  of  carbon*.  Ere  long  we  shall  more  accurately  know  what  main- 
tains light  and  heat  in  so  many  bodies  which  are  scattered  in  the  profundity 
of  space. 


Report  on  the  Physiological  Action  of  the  Methyl  and  allied  Compounds. 
By  Benjamin  W.  Richardson,  M.A.,  M.D.,  F.R.S. 

During  the  past  twelve  months,  in  accordance  with  the  request  of  the  Asso- 
ciation, I  have  continued  my  researches  on  the  physiological  action  of  the 
methyl  compounds  and  their  allies.  I  havo  had  in  this  research  four 
objects  in  view : — 

1.  To  bring  into  actual  practice  as  remedies  some  of  the  substances  the 

physiological  action  of  which  I  had  already  ascertained,  and  on  which 
I  had  previously  reported. 

2.  To  examine  further  the  special  mode  of  action  of  those  bodies  of  the 

series  which  will  produce  sleep  and  insensibility  to  pain — the  anae- 
sthetics of  the  series. 
•    3.  To  investigate  the  action  of  some  other  bodies  of  the  scries,  which 
have  not  as  yet  been  studied  by  the  physiologist,  in   relation  to 
anaesthesia. 
4.  To  test  the  antidotal  influence  of  some  of  the  compounds  against  the 

action  of  certain  active  alkaloidal  poisons. 
To  render  the  Report  systematic,  I  shall  place  the  subject-matter  under 
the  heads  abovo  named. 

*  The  discovery  of  the  lines  of  carbon  was  made  by  the  author  and  communicated  to 
tho  French  Academy  while  Mr.  Huggins  was  independently  discovering  the  same  thing. 
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PART  I.-ON  THE  PKAOTICAL  APPLICATION  OF  CERTAIN  OF  THE 
SUBSTANCES  BROUGHT  FORWARD  OR  DESCRIBED  IN  PRE- 
VIOUS REPORTS. 

Bichlobidb  op  Methylene. 

In  my  last  Report  I  described  that  the  bichloride  of  methylene,  C  H2  Cla, 
was  an  excellent  anaesthetio  substance,  and  for  many  reasons  preferable  to 
chloroform.  I  have  since  confirmed  this  view  fully  by  practice.  After  sub- 
jecting myself  to  the  action  of  the  vapour  to  the  production  of  perfect  insen- 
sibility, 1  ventured  to  administer  it  for  surgical  purposes  on  the  15th  of 
October  last.  The  sleep  produced  was  of  the  deepest  and  gentlest  character, 
and  the  operation,  performed  by  Mr.  Spencer  Wells,  and  which  lasted  35  mi- 
nutes, was  quite  painless.  One  trifling  difficulty  only  stood  in  the  way :  the 
air  of  the  room  being  warm,  and  the  fluid  having  a  low  boiling-point,  the 
water  from  the  breath  of  the  patient,  with  which  the  inhaler  was  saturated, 
became  frozen,  and  was  somewhat  troublesome  to  use.  This  difficulty  was 
soon  met  by  the  invention  of  a  new  form  of  inhaler,  exhibited  to  the  Section. 
This  inhaler  answers,  not  only  for  the  administration  of  bichloride  of  methy- 
lene, but  for  all  fluids  which  boil  at  a  low  temperature  and  are  useful  for  in- 
halation. 

The  instrument  is  constructed  in  such  manner  that  the  fluid  can  be  con- 
veyed, grain  by  grain,  and  distributed  in  the  form  of  spray  on  a  surface 
of  thin  flannel,  spread  over  a  mouthpiece  made  of  vulcanite. 

Bichloride  of  methylene  differs  from  chloroform  in  action  in  several  parti- 
culars. The  anaesthetic  sleep  is  produced  more  quickly,  and  when  produced 
is  more  prolonged.  On  the  other  hand,  recovery,  when  it  commences,  is  far 
more  rapid ;  indeed  the  period  of  recovery,  according  to  my  experience,  is 
never  extended  over  four  minutes,  and  there  are  no  prolonged  or  painful 
after-effects. 

When  animals  are  allowed  to  sleep  to  death  in  vapour  of  bichloride  of 
methylene,  the  lungs  are  found  containing  blood,  but  not  congested,  while 
the  heart  contains  blood  on  both  sides.  In  this  respect  the  vapour  acts  dif- 
ferently from  both  chloroform  and  ether.  After  death  in  ohloroform- vapour 
the  lungs  are  left  bloodless*  and  the  right  side  of  the  heart  gorged  with 
blood.  After  death  from  vapour  of  ether  the  lungs  are  left  intensely  con- 
gested, with  the  heart  containing  blood  on  both  sides. 

Bichloride  of  methylene  holds  a  place  between  ether  and  chloroform.  It 
is  safer  than  chloroform,  but  not  so  safe  as  ether.  In  matter  of  efficiency  of 
action  it  is  equal  to  chloroform,  while  it  is  quicker  in  action,  and  more  per- 
sistent, and  far  more  manageable  than  ether. 

Bichloride  of  methylene  has  been  largely  used  by  other  observers  during 
the  past  year.  Reports  of  its  employment  have  reached  me  from  New  York, 
Paris,  Hanover,  and  other  parts  of  Germany,  from  Australia,  and  from  dif- 
ferent towns  in  England.  These  reports  are  unexceptionally  good,  and  no 
fatal  accident  has  as  yet  befallen  the  administration. 

There  is,  however,  as  yet  one  drawback  to  its  general  introduction ;  I 
mean  the  difficulty  of  manufacturing  it  on  a  large  scale  at  a  reasonable  cost. 
It  is  also,  when  pure,  more  difficult  to  keep  than  chloroform,  its  boiling-point 
being  at  least  33  degrees  lower  on  Fahrenheit's  scale  (18°-3  C). 

The  question  of  the  exact  composition  of  the  bichloride  of  methylene  has 
been  recently  determined  from  analysis  by  one  of  our  best  organic  chemists, 
Mr.  Perkin,  who  has  confirmed  the  composition  as  C  H2  Clj.  He  has,  however, 
made  a  correction  of  the  boiling-point,  which  he  places  at  104°  F,  (40°  C). 
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This  is  16°  F.  (80,8  C.)  higher  than  has  heen  given  to  it  by  other  observers, 
as  well  as  by  myself.  Quite  independently  I  had  also  detected  this  error, 
which  has  arisen,  I  doubt  not,  from  the  presence,  in  the  earlier  specimens  of 
the  fluid,  of  a  little  chloride  of  methyl.  I  think  that  even  yet  there  is  some 
slight  cause  of  error,  and  that  the  boiling-point  is  actually  111°  F.  (43°*8  C). 
The  difficulty  of  manufacturing  bichloride  of  methylene  in  sufficient  quan- 
tities at  a  reasonable  cost  is,  I  repeat,  the  only  objection  to  its  more  general 
employment.  In  quantities  of  two  or  three  ounces  the  manufacture  is  easy ; 
but  the  distillation  at  a  low  temperature,  which  is  required,  renders  the  pro- 
cess tedious  on  a  large  scale,  and  therefore  expensive.  The  difficulties,  I 
trust,  will  in  time  be  overcome. 

Nitrite  op  Amyl. 

In  my  first  Report  on  nitrite  of  amyl  I  suggested  its  employment  by  in- 
halation in  cases  of  acute  spasmodic  disease,  as  in  tetanus.  I  reported  last 
year  that  the  nitrite  had,  at  the  instance  of  Dr.  Brunton,  been  used  for  the 
treatment  of  one  of  the  most  painful  spasmodic  complaints ;  I  mean  cardiac 
apncea,  or,  as  it  was  formerly  called,  angina  pectoris.  The  practice  continues 
to  be  followed,  and  the  effect  has  been  remarkable  for  good :  the  paroxysm  of 
angina  is  often  relieved  with  almost  instant  action ;  and  from  experience  of 
the  value  of  this  ready  means  of  giving  breath  to  persons  whose  chests  are  for  a 
moment  immoveably  fixed  it  is  becoming  widely  applied.  I  have  seen  myself 
the  happiest  results  from  this  method,  and  I  have  therefore  given  attention  to 
the  details  of  the  administration,  so  as  to  render  it  safe.  In  my  last  Report 
I  mentioned  ether  as  a  solvent ;  but  on  testing  the  solubility  of  the  nitrite 
and  the  solutions  which  give  it  up  most  steadily,  I  find  nothing  to  answer  so 
well  as  absoluto  alcohol.  The  best  solution  is  one  containing  ten  parts  of  the 
nitrite  in  500  of  alcohol.  Practically,  and  for  easy  remembrance,  50  minims 
of  the  nitrite  to  1  fluid  ounce  of  the  alcohol  may  be  considered  a  proper  mix- 
ture. I  exhibited  this  compound ;  and  it  will  be  found  even  agreeable  as  a 
fluid  for  inhalation.  In  using  it  not  more  than  two  fluid  drachms  should  be 
applied  at  once.  The  fluid  should  be  poured  upon  a  handkerchief  arranged 
in  the  shape  of  a  funnel,  or  into  a  funnel  of  paper,  and  the  vapour  should  be 
inhaled  gently. 

I  dwell  on  the  necessity  of  using  this  dilute  alcoholic  solution,  because  the 
nitrite  of  amyl,  in  its  pure  state,  is  one  of  the  most  potent  of  agents.  In  one 
instance,  as  I  have  before  recorded,  a  friend  of  mine,  by  inhaling  it  incau- 
tiously, nearly  destroyed  himself.  It  is,  in  fact,  as  quick  to  kill,  by  the  sudden 
paralysis  of  the  blood-vessels  which  it  induces,  as  it  is  to  relieve  muscles  of 
spasm. 

Nitrite  of  amyl  has  been  used  in  the  later  stages  of  cholera  by  Dr.  Hayden, 
of  Dublin.  I  recorded  this  fact  last  year  at  Dundee.  Happily  we  have  had 
no  occasion  to  test  the  virtue  of  the  remedy  further  in  this  direction  during 
the  past  twelve  months. 

Iodide  op  Methyl. 

Iodide  of  methyl,  briefly  noticed  in  my  last  Report,  has  come  into  very 
important  use  during  the  past  year.  I  showed  at  Dundeo  that  it  was  an  agent 
which  could  be  made,  by  careful  inhalation,  to  produce  anaesthesia,  but  that 
it  was  very  difficult  to  manage  in  the  form  of  vapour.  Its  remarkable  seda- 
tive effect  led  me  to  study  its  influence  when  administered  by  the  mouth,  and 
I  commenced  to  learn  the  dose  that  could  be  borne  by  taking  it  myself,  in 
solution  with  alcohol.     I  found  that  a  grain  could  bo  taken  with  perfect 
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safety.  I  then  prescribed  it  in  an  inveterate  case  of  specific  ulceration, in  which 
iodide  of  potassium  had  failed,  and,  carrying  the  dose  up  to  three  grains, 
found  the  most  rapid  curative  result.  Further,  the  great  pain  and  irritability 
of  the  ulcerated  surfaces  was  singularly  relieved.  Repeating  this  observation 
with  farther  success,  I  solicited  permission  of  Mr.  Nunn  to  treat  some  hope- 
less cases  of  cancerous  ulcer  in  the  cancer  wards  of  the  Middlesex  Hospital. 
Four  cases  were  assigned  to  me,  and  the  suggested  plan  was  carried  out  by 
Mr.  Nunn  himself.  His  report  of  the  results,  after  four  months'  trial,  is  of 
the  most  encouraging  character.  One  case  of  ulceration  is  reported  as  healed 
so  that  the  patient  has  left  the  hospital ;  another,  in  which  there  was  intense 
hyperesthesia  (extreme  sensibility  of  skin),  a  symptom  which  had  resisted  all 
previous  means,  was  directly  relieved,  and  the  patient  has  greatly  improved. 
In  a  third  example  pain  of  an  extreme  kind  was  relieved ;  and  in  the  fourth 
the  symptoms  remain  in  abeyance.  Mr.  Nunn  concludes  by  stating  that  his 
observations  show  the  iodide  of  methyl  can  be  safely  administered  for  long 
periods  of  time,  that  it  removes  pain,  particularly  that  form  of  pain  called 
hyperesthesia,  and  that  cancerous  ulceration  may  heal  under  its  use. 
He  is  not,  however,  prepared  to  say  that  it  will  prevent  the  deposit  of 
cancer. 

I  put  before  the  Section  a  solution  of  the  iodide  as  it  is  ready  for  use.  The 
solution  contains  6  grains  of  the  iodide  in  60°  of  alcohol.  The  quantity  to 
begin  with  is  10  minims  in  water.     It  is  agreeable  to  take. 

The  same  solution  can  be  administered  by  inhalation. 

PART  IL— AN  ANALYSIS  OF  VARIOUS  PHENOMENA  CONNECTED 
WITH  THE  ACTION  OF  CERTAIN  OF  THE  METHYL  AND 
ETHYL  COMPOUNDS. 

There  are  certain  of  the  compounds  of  the  methyl  and  ethyl  series  which 
possess  the  common  property  of  producing  sleep  and  the  insensibility  of  living 
organisms.  This  general  fact  seems  at  first  sight  to  link  them  all  together ; 
and  in  regard  to  the  one  fact  they  are  closely  united.  But  there  are,  not- 
withstanding, points  of  difference  of  the  most  important  character.  For  ex- 
ample, they  all  sometimes  kill  during  their  administration,  but  they  are  not 
all  equally  powerful  to  kill.  This  alone  is  sufficient  to  distinguish  them ;  and 
as  from  them  we  derive  those  agencies  by  which  some  hundred  thousands 
of  our  kindred  are  each  year  relieved  of  pain  with  some  risk  of  life,  I  have 
thought  it  of  moment  to  study  the  differences  of  phenomena  presented  by 
different  agents,  so  that  we  may  be  able  to  approach  to  a  knowledge  of  first 
principles,  and  seize  all  the  real  good,  with  avoidance  of  what  at  this  moment 
appears  an  inevitable  degree  of  evil. 

As  it  was  impossible  to  investigate  all  the  bodies  of  the  series,  I  confined 
my  research  to  a  few  representatives  only  ;  and,  indeed,  what  has  been  ga- 
thered in  this  way  is  too  long  to  be  recorded  in  anything  but  abstract. 

Physical  Changes  of  Blood  produced  by  different  Methyl  and  Ethyl 
Compounds. 

"When  a  man  or  an  inferior  animal  is  subjected  to  one  of  the  ordinary 
anaesthetics,  great  difference  is  observed  in  the  change  of  colour  of  the 
blood,  the  difference  itself  being  determined  by  the  class  of  agent  that  is 
being  used.  Under  the  influence  of  all  the  chlorides,  of  both  the  methyl  and 
ethyl  series,  the  blood  retains  its  bright-red  colour  on  the  arterial  side,  while 
on  the  venous  side  the  colour  is  slightly  heightened.  Under  the  influence  of 
the  oxides  of  the  methyl  and  ethyl  series  the  reverse  obtains ;  the  arterial 
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blood  is  rendered  dark  in  colour,  and  the  venous  blood  is  made  darker  than 
is  natural. 

When  these  fluids  are  added  to  blood  freshly  drawn,  these  same  changes 
are  also  observed,  together  with  a  difference  in  the  period  of  coagulation,  the 
process  of  coagulation  being  quickened  by  the  chlorides,  and  slightly  retarded 
by  the  oxides.  In  the  blood  of  some  animals,  such  as  the  sheep  and  the 
common  fowl,  the  period  of  natural  coagulation  is  so  rapid  that  the  difference 
is  not  easily  computed ;  but  the  blood  of  the  ox,  which  at  the  temperature  of 
60°  F.  (15-c5  C.)  coagulates  normally  in  three  minutes,  shows  the  fact  clearly, 
ten  per  cent,  of  chloroform  quickening  the  coagulation  a  full  minute  and  a 
half,  while  the  same  proportion  of  ether  delays  it  an  interval  of  two  minutes 
beyond  the  normal  period. 

When  the  different  agents  are  added  to  defibrinated  fresh  blood  in  the 
proportion  of  five  per  cent.,  the  most  striking  differences  are  observed  in 
respect  to  colour,  fluidity,  change  in  the  corpuscles,  and  development  of 
blood-crystals.  In  investigating  these  changes,  I  subjected  equal  quantities  of 
freshly  defibrinated  sheep's  blood  to  representatives  of  the  methyl  and  ethyl 
series,  and  set  them  aside  for  observation  during  a  period  of  thirty-five  days. 
They  were  examined  carefully  on  the  first  and  thirty-fifth  day,  as  well  as  on 
intervening  days,  by  my  friend  Dr.  Sedgwick,  who  was  so  good  as  to  relieve 
me  greatly  of  this  labour,  and  who  has  condensed  the  record  of  the  changes 
as  they  were  observed  to  occur  stage  by  stage  in  the  course  of  the  inquiry. 

Bichloride  of  Methylene, — On  addition  of  the  bichloride  of  methylene  to 
blood,  the  colour  was  rendered  bright  and  full  red ;  and  this  colour  was  main- 
tained until  the  thirty-fifth  day.  The  blood  remained  fluid  throughout.  The 
red  corpuscles  commenced  to  dissolve  on  the  first  day,  and  by  the  thirty-fifth 
day  scarcely  a  corpuscle  was  left.  Blood- crystals  were  at  no  time  developed ; 
but  plates  and  masses  undefined  in  shape  were  observed  to  form  on  the  last 
days  of  observation. 

Chloroform. — On  the  addition  of  the  chloroform  the  colour  of  the  blood 
became  of  a  dark  red ;  but  it  grew  lighter  in  course  of  time,  and  remained 
light.  The  blood  became  of  thicker  consistency,  and  at  last  gelatinous.  The 
corpuscles  commenced  to  undergo  solution  at  once,  and  on  the  thirty-fifth  day 
had  all  disappeared.     No  blood-crystals  were  found. 

Tetrachloride  of  Carbon. — The  changes  were  identical  in  blood  charged  with 
the  tetrachloride  with  those  in  blood  charged  with  chloroform. 

Methylic  Alcohol. — The  blood  retained  its  natural  colour  throughout  The 
fluidity  remained  unchanged.  The  corpuscles  remained  the  same.  On  the 
thirty-fifth  day  a  few  octahedral  crystals  were  present. 

Acetate  of  Methyl. — The  blood  was  rendered  at  once  dark.  On  the  first 
day  the  blood  was  thickened ;  but  it  became  thin  afterwards,  and  remained  so. 
The  corpuscles  were  unchanged.     No  crystals. 

Bromide  of  Methyl. — Blood  became  at  once  dark,  and  changed  to  dark- 
brown,  which  colour  it  retained.  On  the  first  day  the  corpuscles  remained 
unchanged,  but  soon  began  to  dissolve,  and  on  the  thirty-fifth  day  all  were 
dissolved.     No  crystals. 

Methylal. — Blood  at  once  became  dark,  and  changed  to  dark-brown.  The 
blood  maintained  its  fluidity  at  first ;  but  it  began  to  grow  thick,  and  at  last 
was  semisolid.  The  corpuscles  wero  at  no  time  dissolved,  but  from  the  first 
were  irregular  in  outline  and  serrated.     No  crystals. 

Ethylic  Ether. — Blood  at  once  became  dark,  and  remained  so.  Fluidity 
was  maintained.   The  blood- corpuscles  were  perfect  throughout.   No  crystals. 

In  all  the  specimens  the  blood  remained  free  from  any  putrefactive  change* 
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Influence  on  the  Circulation  and  Respiration. 

I  have  studied  as  a  special  point  the  influence  of  .certain  of  the  ethyls  and 
methyls,  with  a  view  to  determine  the  all-important  subject  of  their  relative 
action,  upon  the  respiration  and  the  circulation.  On  this  point  there  has  been 
long  controversy — the  most  accepted  rule  being  that  chloroform  always  kills 
by  paralyzing  the  heart,  while  ether  is  free  from  that  danger.  It  must  be 
confessed  that  at  first  sight  this  view  seems  to  be  in  accordance  with  the 
general  facts  of  observation ;  but  a  long  and  careful  watching,  in  which  ex- 
periment succeeds  experiment,  leads  in  time  to  this  certain  truth,  that 
chloroform  does  not  always  kill  by  paralyzing  the  heart,  but  that  with  chlo- 
roform, as  with  ether,  the  heart  will  continue  to  beat  after  the  respiration 
has  ceased.  The  rule,  therefore,  is  not  general ;  the  question  is  how  far  it 
is  at  all  true. 

To  test  this,  I  proceeded  first  to  see  whether  the  heart  could  be  sustained 
in  its  action  while  respiration,  with  an  atmosphere  containing  a  narcotizing 
dose  of  chloroform,  was  artificially  supplied.  I  found  in  this  experiment  no 
difficulty  whatever,  and  no  remaining  doubt  after  it.  A  "["-shaped  tube  hav- 
ing been  inserted  into  the  trachea  of  a  strong  animal  (a  dog)  narcotized  with 
vapour  of  chloroform,  the  animal  was  made  still  to  breathe  air  charged  with 
the  vapour,  in  steadily  increasing  dose,  until  some  change  occurred.  During 
this  time,  in  the  deadest  silence  from  all  other  motions,  the  sounds  of  the 
heart  were  listened  to,  with  the  double  stethoscope,  by  myself,  while  an 
assistant  watched  for  the  cessation  of  respiration.  "  The  respiration  stops tr 
was  the  report ;  but  I  could  still  hear,  not  only  the  motion  of  the  heart,  but 
both  the  sounds  in  due  order  of  time.  Then  the  first  sound  began  to  fail, 
and  soon  the  second.  At  this  moment,  on  a  signal  from  me,  artificial  respi- 
ration, with  the  same  chloroform  atmosphere  in  which  the  animal  had  gone 
to  sleep,  was  set  up  by  means  of  double-acting  bellows ;  and  at  once,  as  the 
air  filled  the  lung,  the  blood  made  its  way  again  through  the  heart,  the 
motion  of  the  heart  returned,  the  sounds  returned,  and  the  general  signs  of 
life  returned.  Once  more  the  experiment  was  tried,  and  once  again  with  the 
same  result ;  and  so  decided  was  the  experiment  that,  on  giving  it  fresh  air 
artificially,  the  animal  recovered,  in  the  end,  as  from  simple  sleep. 

In  a  further  instance  I  repeated  the  famous  experiment  first  performed  by 
Hook,  with  the  difference  that  the  animal  throughout  was  held  insensible  by 
chloroform.  In  this  case,  after  insensibility  was  complete,  and  respiration, 
which  for  some  minutes  had  been  carried  on  through  the  tracheal  tube,  had 
ceased,  the  heart  was  directly  exposed  to  view,  together  with  the  lungs.  The 
heart  was  pulsating  vigorously  on  both  sides,  the  lungs  generally  were 
blanched,  from  the  blood  ceasing  to  make  its  way  by  the  pulmonary  circuit: 
but  artificial  respiration  of  the  chloroform  atmosphere  was  reestablished ;  and 
as  the  lungs  filled  with  the  air  the  right  side  of  the  heart  was  set  at  liberty, 
the  blood  passed  over  the  pulmonary  circuit,  and  on  withdrawing  the  chloro- 
form, and  for  a  brief  period  supplying  the  air  pure,  the  general  signs  of  life 
began  to  reappear.  They  were,  of  course,  suppressed  by  repeating  the  chlo- 
roform ;  but  before  the  heart  was  finally  stopped  in  its  action,  the  fact  of  being 
able  to  call  it  again  into  play  by  reinducing  respiration  was  several  times 
demonstrated. 

Taking  a  very  important  practical  hint  from  Dr.  M'Intosh,  who  read  an 
admirable  paper  at  Dundee  before  this  Section,  I  followed  up  my  research 
by  watching  the  circulation  and  respiration  in  young  transparent  trout 
while  they  were  being  subjected  to  the  action  of  methyl  and  ethyl  com- 
pounds.   I  was  so  fortunate  at  the  close  of  last  year  as  to  be  able  to  obtain 
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young  trout  in  quantity,  and  so  secure  a  very  good  inquiry.  I  hoped  at  first 
to  be  able  to  see  the  motion  of  the  heart  on  a  screen,  by  placing  the  animals 
in  a  trough  in  the  oxyhydrogen  lantern ;  and  I  have  to  thank  Mr.  Pepper 
and  the  Managers  of  the  Royal  Polytechnic  Institution  very  heartily  for 
placing  their  very  perfect  optical  chamber  at  my  service.  I  could  not,  how- 
ever, carry  out  in  this  way  all  T  desired ;  for  when  the  figure  of  the  animal 
was  projected  on  the  screen,  there  were  no  visible  movements  except  those 
of  respiration.  I  therefore  turned  to  the  microscope,  and  found  here  all  I 
could  require.  To  carry  out  my  plan  properly,  Dr.  Sedgwick  was  so  good 
as  to  devise  for  me  a  little  trough,  in  which  the  trout  could  be  placed  for 
observation,  and  through  which  water  charged  with  the  required  oompound 
could  be  passed  in  a  steady  stream.  This  plan  prevented  the  accumulation  of 
carbonic  acid ;  and  when  no  foreign  substance  was  introduced  into  the  cur- 
rent, the  circulation  and  respiration  of  the  fish  could  be  observed  for  long 
periods  naturally. 

Thus  provided,  three  substances  from  one  series  were  made  to  act  upon 
the  trout,  viz.  chloroform,  ether,  and  chloride  of  methyl.  The  observations 
were  most  interesting,  but  to  give  them  in  detail  would  be  too  long ;  I  shall 
therefore  only  offer  the  results  in  an  abstract,  which  Dr.  Sedgwick,  who  had 
the  observations  daily  before  him  for  several  weeks,  has  been  good  enough  to 
draw  out  for  me. 

When  chloroform  is  added  to  the  water  in  which  the  young  trout  is  living, 
in  amount  sufficient  to  destroy  life  in  half  a  minute,  the  heart  ceases  acting 
at  once,  stops  in  diastole,  full  of  blood.  The  gill  and  blood  respiratory 
routine  continue  some  little  time  afterwards.  No  contraction  of  extreme 
vessels  is  noticeable  for  some  time  after  death.  If  the  chloroform  be  added 
in  smaller  quantities,  the  first  effect  is  violent  struggling,  which  by  degrees 
subsides.  The  respiration  is  at  first  much  quickened,  then  becomes  slower, 
and  finally  ceases — that  is,  so  far  as  the  gill,  fin,  and  jaw  motion  is  con- 
cerned. The  heart  at  first  beats  quickly,  then  slowly,  after  a  time  intermits, 
and  then  totally  ceases  to  act.  No  contractions  of  minute  vessels  could  be 
observed  under  a  power  of  600  diameters.  Not  one  of  these  fishes  recovered 
from  the  narcotism  of  chloroform  after  the  respiratory  movements  had  ceased. 
With  chloride-of-methyl  gas  in  water,  on  the  other  hand,  and  also  with 
ethylic  ether,  recovery  was  observed  after  all  external  respiratory  movements 
had  ceased,  even  for  fifteen  minutes,  the  heart  beating  all  the  time,  but  very 
slowly,  the  contractions  reduced  from  246  to  15  in  a  minute.  The  pheno- 
mena observable  in  these  animals  when  narcotized  with  chloride  of  methyl 
is  in  other  respects  like  those  which  occur  under  the  use  of  chloroform,  the 
notable  points  being  the  cessation  of  respiratory  movements  before  the  cir- 
culatory, and  the  absence  of  any  definite  contraction  of  the  small  vessels  when 
the  agents  are  administered  in  quantities  not  sufficient  to  produce  immediate 
death. 

These  experiments  prove,  I  think,  beyond  cavil,  that  the  chlorides  of  the 
methyl  series  do  not  of  necessity  destroy  life  by  their  direct  action  upon  the 
heart.  Indeed  they  indicate  rather  that  when  the  heart  itself  is  sound, 
and  the  chloride  is  let  into  the  system  by  the  process  of  inhalation,  the  heart 
is  not  primarily  interfered  with.  It  was  therefore  all-important  to  learn 
whether  the  heart  could  be  primarily  arrested  by  making  it  the  primary 
recipient  of  the  narcotic. 

To  test  this,  a  large  animal  was  selected,  and  a  twenty-minim  dose  of 
chloroform  was  slowly  instilled,  by  one  of  Mr.  Hunter's  syringes  for  sub- 
cutaneous injection,  into  a.  large  vein  in  the  ear.    Within  a  few  seconds 
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(indeed  as  soon  as  the  last  minim  was  injected)  the  animal  was  convulsed  and 
dead.  As  quickly  as  the  operation,  with  every  appliance  at  hand,  could  be 
performed,  the  thorax  was  laid  open,  and  the  lungs  and  heart  exposed.  The 
bearj  on  both  s;des  was  found  firmly  contracted  on  firmly  clotted  blood 
which  filled  its  cavities.  The  lungs  were  intensely  congested  with  blood, 
also  firmly  coagulated,  so  that  they  cut  like  substance  of  liver ;  the  brain 
was  quite  natural.  Excited  by  the  galvanic  current,  the  muscles  of  respira- 
tion and  the  voluntary  muscles  responded  well  for  an  hour,  but  the  heart 
could  be  roused  to  no  sign  of  motion. 

Here,  then,  we  had  a  proof  that  chloroform  carried  directly  to  the  heart 
may  stop  the  heart  primarily.  In  this  sense,  however,  it  does  not  act  by 
paralyzing,  in  the  ordinary  sense  of  that  word,  but  by  exciting  a  vigorous 
contraction,  prolonged  to  the  death. 

By  injecting  chloroform  through  the  aorta  over  the  whole  body  of  an 
animal  just  dead,  I  saw  the  same  sudden  and  permanent  contraction  univer- 
sally developed  in  the  muscular  system. 

The  conclusions  I  have  up  to  this  time  arrived  at  in  respect  to  the  action 
of  chloroform  and  all  the  other  chlorides  of  the  methyl  and  ethyl  series,  are : — 
1.  That  when  these  are  administered  by  inhalation  to  healthy  bodies,  their  first 
action,  as  tliey  diffuse  through  the  different  organs,  is  exerted  directly  on  the 
muscles,  which  they  call  into  powerful  contraction.  2.  That  this  action, 
extending  further  to  the  arterial  muse  alar  system,  suspends  the  influx  of 
blood,  generally  leading,  in  return,  to  relaxation  of  the  common  muscles,  and 
to  arrest  of  cerebral  function.  3.  That  the  heart,  if  its  coronary  canals 
and  its  walls  be  good,  lives  through  the  catastrophe  better  than  any  other 
structure,  and,  in  short,  is  the  organ  on  whose  power  the  ultimate  recovery 
rests.  4.  That  death  from  chloroform  in  the  healthy  animal  is  dre  to  failing 
reipiratory  power,  and,  above  all,  to  contraction  of  the  pul-nonary  artery,  by 
which  the  current  of  blood  from  the  right  to  the  left  side  is  prevented. 

This  view,  in  respect  to  animals,  associates  all  the  phenomena  in  death 
from  chloroform;  it  accounts  for  the  stage  of  musclar  excitement,  the  ces- 
sation of  the  beat  of  the  pulse  while  the  heart  is  still  beating,  the  continu- 
ance of  the  action  of  the  heart  when  the  respiration  has  stopped,  and  the 
white  and  bloodless  condition  in  which  the  lungs  are  invariably  discove-ed 
when  death  is  complete. 

This  same  view  tallies  moreover  with  all  the  known  facts  respecting  sudden 
death  under  the  influence  of  the  chlorides  in  cases  where  the  heart  is  not 
healthy,  where,  unable  to  live  through  the  preliminary  excitement  into 
which,  with  the  other  muscles,  it  is  thrown,  it  ceases  action  altogether — ceases 
for  the  same  reason  that  it  ceased  in  the  animal  when  the  narcotic  was  thrown 
direct  into  it,  I  mean  because  it  is  overcome  by  the  excitation  to  which  it  is 
subjected.  A  little  want  of  elasticity  in  the  coronary  arteries,  an  undue  ten- 
dency to  contraction  in  them,  a  deficiency  of  muscular  substance,  an  intersti- 
tial deposit  in  the  muscle, — any  one  of  these  conditions  is  amply  sufficient  to 
account  for  death  from  the  heart  under  the  influence  of  the  exciting  chlo-ides. 

Under  the  action  of  the  oxides  of  methyl  and  ethyl  the  living  body  avoids 
these  dangers  to  a  degree  as  yet  little  understood.  These  from  the  first  pro- 
dace  very  little  excitability  of  the  muscular  mechanism ;  and  when  they  ulti- 
mately kill,  the  act  is  not  by  contraction  of  vessels,  but  by  slow  asphyxia,  the 
gradual  extinction  of  oxidation  from  the  exclusion  of  air. 

Hence,  after  death  by  ether,  the  lungs  are  not  found  blanched,  but  con- 
gested, the  heart  still  active,  the  muscles  flaccid,  and  the  blood  in  all  the 
tissues  dark  in  colour. 
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Influence  on  the  Animal  Temperature. 
A  subject  of  much  importance  seemed  to  me  to  be  open  for  inquiry  in 
respect  to  the  conditions  of  the  animal  temperature  under  the  action  of  those 
methyl  and  ethyl  compounds  which  produce  temporary  insensibility.  At- 
tempts had  already  been  made  by  myself  and  others  to  determine  the  order 
of  facts  from  the  human  subject.  But  the  circumstances  under  which  the 
narcotizing  agents  are  administered  to  human  kind  are  so  peculiar  that 
no  separate  observer  could  conduct  a  satisfactory  research  in  a  sufficient 
number  of  cases  to  be  reliable.  To  arrive  at  correct  data,  a  period  of  three 
hours  at  least  is  required  for  each  observation ;  the  air  of  the  room  in  which 
the  observation  is  made  must  be  kept  at  a  steady  and  uniform  heat ;  three 
observers  are  also  wanted,  and  the  utmost  quiet  must  pre  rail,  that  excite- 
ment of  an  external  character  do  not  move  or  annoy  the  subject.  To  meet 
these  necessities,  I  determined  to  conduct  the  research  on  inferior  animals. 
I  selected  from  two  kinds  of  animals, — the  guineapig,  whose  temperature  is 
not  more  than  two  degrees  above  man,  and  the  pigeon,  an  animal  which  has 
a  mean  temperature  full  ten  degrees  above  that  of  man.  I  next  selected 
chloroform  and  ether  as  the  two  agents  to  be  tested  ;  it  was  necessary,  from 
the  labour  and  time  demanded,  not  to  take  more  than  two  substances,  and 
these  I  considered  were  fair  representatives  of  two  distinct  series,  while  at 
the  same  time  they  were  substances  with  which  the  world  of  science  generally 
is  most  familiar. 

I  had  the  pleasure  of  being  most  ably  assisted  in  observation  by  my 
friends  Dr.  F.  Versmann  and  Dr.  Sedgwick,  with  Mr.  Alfred  Nutt  occasionally, 
and  Mr.  Alfred  Haviland ;  in  every  case  another  pair  of  eyes  besides  my  own 
kept  strict  watch.  The  thermometers  u^ed  were  by  Casella.  The  plan  of 
proceeding  was  first  to  bring  the  air  of  the  laboratory  to  a  fixed  temperature, 
the  mean  of  54°  Fahr.  being  carefully  sustained.  In  this  air  the  animal  was 
allowed  to  live  for  two  hours  before  the  observation,  and  the  natural  tempe- 
rature of  the  animal  was  carefully  noted — in  the  pigeon  from  the  cloaca,  in 
the  guineapig  from  the  rectum. 

The  animals  were  put  to  sleep  by  being  made  gently  to  inhale  the  vapours 
to  which  they  were  subjected  from  a  mask  covered  with  thin  flannel,  and  the 
thermometer  was  watched  and  registered  through  every  stage  of  narcotism, 
and  for  one  hour  or  more  after  recovery. 

In  one  pigeon  the  observation  was  conducted  three  separate  times,  in 
another  pigeon  twice,  and  in  five  other  pigeons  once.  In  one  guineapig  the 
observation  was  made  three  times,  in  another  twice,  and  in  five  others  once. 

The  phenomena  were  amongst  the  most  uniform  I  have  ever  recorded  in 
experiment. 

In  the  pigeons  subjected  to  chloroform  there  was  in  every  case  a  fall  in  the 
thermometer,  during  the  narcotism,  of  from  6°-5  to  6°  Fahr.  This  was  so 
singularly  correct  that  the  result  actually  varied  with  the  natr-al  tempe- 
ratures of  the  birds.  Thus  in  one  of  the  birds,  in  which  the  natural  tempe- 
rature was  107°*5,  the  thermometer  came  down  regula^y  to  101° ;  while  in 
another  bird,  the  natural  temperature  of  which  was  110°,  the  thermometer 
regularly  fell  to  104°. 

This  decline  in  temperature  did  not  date  from  the  actual  commencement 
of  inhalation.  For  the  first  stage  the  thermometer  remained  steady ;  as  the 
second  stage  advanced  it  rose  on  an  average  half  a  degree,  to  sink  at  once  as 
the  ercitement  passed  away ;  while  as  the  third  stage  was  reached  (with  en- 
tire loss  of  sensation  and  of  motion)  it  fell  from  three  to  four  degrees.  As  the 
third  stage  became  more  determined,  and  the  fourth  approached,  the  decline 
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continued,  the  minimum  of  six  degrees  being  marked  by  all  the  signs  of 
impending  death,  viz.  feeble  breathing,  intermittent  pulse,  and  complete 
muscular  relaxation.  At  this  extreme  recovery  was  permitted.  The  tem- 
perature during  the  recovery  began  in  all  cases  to  rise  in  from  two  minutes  and 
a  half  to  three  minutes  after  the  chloroform  was  withdrawn :  it  would  even 
rise  a  degree  in  this  period,  and  would  continue  to  ascend  with  the  same 
rapidity  for  as  many  as  three  degrees.  But  the  last  three  degrees  were  re- 
gained always  slowly,  as  long  a  time  as  an  hour  occurring  for  the  progress  of 
each  degree ;  this  was  particularly  the  fact  where  the  temperature  at  the 
beginning  was  very  high.  The  bird  whose  temperature  was  110°  was  three 
hours  recovering  four  degrees  of  heat,  and  nine  in  recovering  the  full  quan- 
tity lost,  6°.  One  symptom  common  to  the  action  of  chloroform  (I  mean 
vomiting)  exerted  a  marked  and  sudden  change,  causing  a  rapid  fall  in  the 
mercury  of  frequently  two  degrees.  The  change  was  not  observed  during  the 
act  or  strain  of  vomiting,  but  instantly  afterwards.  The  loss  of  heat  thus 
sustained  was  not  made  up  so  long  as  the  inhalation  and  the  narcotism  were 
continued. 

Under  ether  the  decline  of  temperature  in  pigeons  is  not  so  determinate  as 
under  chloroform,  but  it  is  continuous,  u  e.  without  any  temporary  rise,  from 
the  first.  The  fall  amounts  to  an  average  of  four  degrees.  The  absence  of 
vomiting  during  admiristiations  of  ether  may  account  for  this  difference  to 
some  extent ;  but  the  grand  reason  why  the  temperature  keeps  up  so  well  is 
the  quietude  that  prevails,  the  avoidance  of  that  muscular  excitement  which 
so  prominently  distinguishes  the  action  of  the  chlorides. 

In  the  administration  of  chloroform  to  guineapigs  the  same  changes  of 
temperature  were  observed,  but  in  a  less  marked  degree.  The  temperature 
during  the  stage  of  excitement  rose  1°  Fahr.,  and  then  sunk  three  degrees, 
that  is  to  say,  2°  below  the  natural  standard.  The  temperature  also  re- 
mained at  the  lower  degree  during  the  whole  period  of  recovery,  and  did  not 
return  to  the  natural  condition  for  a  period  of  nearly  four  hours. 

Under  ether  the  temperature  of  guineapigs  showed  extremely  slight 
variation.  There  was  no  preliminary  increase  of  temperature,  and  under  the 
deepest  anaesthesia  the  reduction  never  reached  beyond  one  degree  and  a 
half.    The  natural  standard  was  regained  within  the  hour. 

In  two  short  series  of  final  experiments  on  temperature  I  inquired  whether 
any  extreme  changes  would  result,  or  any  differences,  by  artificially  in- 
creasing the  temperature  of  the  air  in  which  the  animal  inhaled  the  vapour 
of  chloroform.  A  pigeon,  having  a  natural  temperature  of  108°  Fahr.,  was 
placed  in  a  hot-air  bath  at  112°  Fahr. ;  in  a  short  time  the  temperature  of  the 
animal  rose  three  degrees,  where  it  remained  stationary,  the  farther  accumu- 
lation of  heat  being  arrested  by  copious  elimination.  The  animal  was  now 
put  to  sleep  with  chloroform,  the  sleep  being  induced  with  extremest 
rapidity,  as  is  common  in  high  temperatures.  During  the  passing  interval  of 
excitement  the  thermometer  remained  steady,  and  then  suddenly  fell  to 
109°.  The  vapour  was  withdrawn  at  this  point  with  a  return  to  sensibility 
that  was  startling  from  its  rapidity.  Narcotism  once  more  induced  the  ther- 
mometer went  down  to  107°,  but  rose  once  more  almost  instantly  to  109°, 
on  the  vapour  being  withdrawn. 

In  another  observation  on  a  pigeon,  having  a  natural  temperature  of  108°, 
at  60°  the  temperature  of  the  animal,  in  a  room  at  96°,  rose  to  110°  Fahr. 
During  narcotism  in  this  state  the  temperature  fell  to  108D,5,  107°#8,  107°, 
and  then  suddenly  to  105°,  when  insensibility  was  complete.  Aa  recovery 
progressed,  the  temperature  rose  to  108°*4,  but  during  a  slight  vomiting 
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fell  again  to  107°#7.  After  this  the  temperature  rose  to  108°,  and  remained 
there,  the  animal  seeming  entirely  well. 

In  a  further  short  series  of  experiments  the  influence  of  cold  during 
narcotism  from  ether-vapour  was  tested.  The  temperature  of  a  pigeon 
having  heen  reduced  by  narcotic  action  of  ether  from  107°  to  104°,  the  spray 
of  ether  was  directed  upon  the  head  until  the  superficies  of  the  cerebrum 
were  solidified.  Under  these  combined  influences  the  temperature  of  the  body 
ran  down  as  low  as  97°-7.  At  this  point  of  extreme  rednction  of  heat  there 
occurred  a  severe  tremor ;  but  on  restoring  warmth,  the  recovery  was  steady 
and  good,  the  natural  heat  being  back  in  ten  hours. 

In  a  similar  experiment  made  with  chloroform-vapour,  the  results  were 
the  same  within  a  little  less  than  a  degree.  The  reduction  of  temperature 
was  from  107°-5  to  98°-5.     The  recovery  was  good. 

One  other  experiment  deserves  notice,  for  the  accident  attending  it.  In 
administering  chloroform  to  a  rabbit  having  a  temperature  of  102°,  the 
thermometer,  during  a  sharp  paroxysm  of  muscular  excitement,  rose  at  one 
move  to  103°-8,  or  nearly  two  degrees.  At  the  moment  the  heart  ceased  to 
pulsate,  and  the  animal  was  dead.  The  occurrence  is  entirely  in  character 
with  what  has  often  happened  in  the  human  subject  under  chloroform.  The 
heart  involved  in  the  sudden  muscular  excitement  has  contracted  spasmo- 
dically, and  the  motion  of  life  has  ceased  for  good. 

I  ought  almost  to  apologize  for  relating  these  facts  on  the  temperature  of 
animals  under  chloroform  and  ether  with  so  much  minuteness ;  but  practical 
physiologists,  who  will  at  once  see  their  bearing,  will  pardon  me.  The  facts 
we  have  gathered  are : — 

(a)  That  during  the  stage  of  the  muscular  excitement  incident  to  the  cir- 
culation of  chloroform  through  the  body  there  is  a  temporary  increment 
of  heat. 

(o)  That  with  the  cessation  of  the  muscular  motion  there  is  a  gradual 
decrease  of  heat. 

(e)  That  the  decrease  of  temperature  is  greatly  accelerated  and  intensified 
by  the  act  of  vomiting. 

(d)  That  ooincidently  with  the  minimum  of  reduced  animal  temperature 
there  is  intermittent  action  of  the  heart  and  the  extreme  of  muscular 
prostration. 

Influence  of  Electrical  Excitation  during  the  Action  of  Methyl  and  Ethyl 

Compounds. 

The  observations  thready  recorded  led  me  to  make  a  further  inquiry  in 
respect  to  the  influence  of  the  galvanic  current  at  different  stages  of  nar- 
cotism. In  this  research  chloroform  was  the  only  narcotic  used,  and  pigeons 
were  the  subjects  of  experiment. 

In  the  first  experiment,  the  animal  having  been  subjected  to  the  vapour 
of  chloroform  until  the  development  of  the  stage  of  excitement,  and  the  con- 
sequent increase  of  temperature,  a  needle  connected  with  one  pole  of  an  elec- 
tro-magnetic machine  was  passed  through  the  skin  of  the  neck,  while  a 
second  needle  was  passed  through  the  leg.  The  free  end  of  the  second  pole 
was  next  brought  to  the  needle  in  the  leg,  and  a  moderate  current  was  passed 
through  the  body.  In  an  instant  the  muscular  over-action  was  converted  into 
general  rigidity,  the  chest  was  fixed,  the  heart  was  fixed,  and  death  was  the 
immediate  result. 

In  the  next  experiment,  the  same  arrangements  for  the  transmission  of 
the  current  having  been  made  as  before,  and  the  same  strength  of  current 
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being  used,  the  other  details  were  changed.  The  animal  was  allowed 
to  pass  through  the  stage  of  muscular  excitement  into  the  third  stage  of 
muscular  relaxation.  This  stage  reached,  the  current  was  transmitted 
through  the  body  of  the  animal.  The  effect,  again  instantaneous,  was  not 
to  destroy  life,  but  to  excite  all  the  phenomena  of  apparent  active  life.  The 
wings  were  moved  as  in  the  act  of  flight,  motions  attended  with  progressive 
or  propulsive  action  were  strongly  marked,  the  breathing  was  quickened,  the 
impulse  of  the  heart  was  increased,  and  the  temperature  rose ;  but  when  the 
current  was  withdrawn  all  these  striking  phenomena  were  withdrawn  also, 
and  the  animal  again  slept  inactive  and  prostrate,  but  ready  to  recover. 

For  the  sake  of  comparison  another  experiment  of  a  similar  character  was 
carried  out,  in  which,  instead  of  reducing  the  animal  body  by  the  administra- 
tion of  chloroform,  the  spray  of  ether  was  directed  upon  the  cerebrum  until 
the  phenomena  of  entire  unconsciousness  and  of  muscular  prostration  were 
fully  pronounced.  Then  the  current  from  the  coil  was  passed  through  the 
body  as  before,  with  the  temporary  development  of  the  phenomena  of  mus- 
cular activity. 

The  lessons  taught  by  these  experiments  are  in  confirmation  of  all  that 
has  gone  before.  They  prove  how  distinct  a  double  action  on  the  muscular 
organs  is  exerted  by  chloroform,  and  they  indicate  an  independency  of  in- 
fluence upon  the  muscular  and  nervous  systems,  between  insensibility,  or  I 
had  better  say  unconsciousness,  and  deficiency  of  motor  power,  which  I  was 
not  myself,  previous  to  the  experiments,  prepared  to  recognize.  It  is  clear 
that  in  the  narcotism  induced  by  chloroform,  and  perhaps  by  all  other  similar 
agents,  the  muscles  can  be  called  into  action  while  the  brain  is  virtually  dead; 
we  can,  in  short,  supply  the  muscles  with  an  artificial  nervous  energy. 

Dangers  attending  administration  of  Methyl  or  Ethyl  Compounds. 

Recasting  these  experiments  and  putting  the  various  facts  in  order,  I  have 
been  led  to  consider  from  them  the  dangers  which  waylay  the  administrators 
of  the  methyl  and  ethyl  compounds,  the  causes  of  these  dangers,  and  the 
way  to  avoid  them. 

And  here,  I  think,  is  a  primary  truth,  the  basis  of  progress  in  the  discovery 
of  new  agents : — that  the  danger  in  anaesthesia  does  not  lie  in  the  produc- 
tion of  sleep,  nor  even  of  deep  sleep,  but  in  the  production,  in  the  course  of 
the  process,  of  symptoms  which,  although  the  prime  sources  of  danger,  are  not 
connected  by  any  necessity  with  the  anaesthesia.  I  refer  especially  to  the 
symptoms  of  muscular  excitement  and  rigidity,  followed,  as  we  have  seen, 
by  decrease  of  temperature  of  the  animal. 

Again,  I  think  there  is  another  truth  hardly  secondary,  viz.  that  we 
already  possess  agents  which  by  their  action  prove  to  us  their  power  of  pro- 
ducing anaesthesia  without  exciting  muscular  rigidity,  and  without  materially 
disturbing  the  animal  temperature.  If  this  be  true,  we  ought  as  men  of 
science  to  exclude  at  once  from  the  list  of  safe  anaesthetics  all  such  as  on 
experiment  are  found  to  produce  rigidity  of  muscle  or  vomiting  (which  is 
an  indication  of  the  same  action),  and  reduction  of  heat  by  its  transference 
into  motion  at  a  moment  when  the  conditions  for  the  liberation  of  force  are 
most  unfavourable. 

The  exclusion  here  named  would,  I  conceive,  of  itself  save  many  lives,  and 
would  bring  the  danger  of  artificially  induced  sleep  to  the  danger,  and  no 
more,  of  mere  natural  sleep.  The  only  cause  of  accident  would  be  in  carry- 
ing the  insensibility  to  the  extreme  of  extinguishing  life,  an  accident  for 
which  the  administrator  would  be  clearly  culpable,  and  which,  even  now, 
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when  very  dangerous  agents  are  in  daily  use,  has  never,  as  far  as  1  know, 
happened. 

In  searching  for  the  agents  we  require,  we  must  begin  by  excluding  bad 
ones,  which  is,  in  fact,  to  exclude  whole  classes.  The  class  of  the  chlorides, 
under  this  rule,  would  all  go.  It  is  true  they  are  not  all  equally  dangerous, 
and  that  the  increase  of  danger  is  in  proportion  to  the  substitution  of  chlo- 
rine ;  but,  as  a  class,  they  one  and  all  do  more  than  we  require,  they  produce 
muscular  rigidity,  vomiting,  and  decrease  of  animal  heat.  This  same  rule  holds 
good  in  relation  to  the  iodides  and  the  bromides.  Supposing,  then,  we  keep  to 
the  methyl  and  ethyl  series  as  bases,  we  are  driven  back  to  the  oxides,  to  what 
are  commonly  the  ethers,  for  our  agents.  None  of  these  which  have  yet  been 
applied  have  been  actually  perfect ;  but  it  is  almost  certain  that  in  course  of 
time  the  chemist  will  produce  for  the  physiologist  the  precise  requirement. 
That  it  may  be  generally  known  what  this  requirement  is,  I  will  state  in  a 
few  sentences  the  theoretical  formula  of  a  safe  anaesthetic,  an  anaesthetic 
that  shall  be  applicable  to  long  and  short  operations  alike,  and  shall  become 
acceptable  generally  from  its  readiness  and  safety. 

1.  It  must  be  a  fluid.  Gases,  however  good,  are  not  practicable  as  agents 
for  general  and  daily  use ;  more  than  this,  as  at  the  temperature  of  the  blood 
they  remain  as  gases,  and  when  dissolved  in  blood  they  exert  no  action  from 
change  of  form  in  the  organism.  To  narcotize  with  them  it  is  consequently 
necessary  to  give  them  in  large  quantities,  even  it  may  be  to  the  exclusion 
of  air  altogether.  The  influence  of  a  gas  thus  administered  is  of  necessity 
limited  to  the  briefest  interval  of  time ;  steady  continuance  would  lead  to 
certain  death  from  asphyxia. 

2.  The  fluid  must  possess  homogeny  and  stability.  Mixtures  of  fluids  are 
utterly  unreliable.  Fluids  which  easily  decompose  under  the  influence  of 
heat  or  of  light  are  unreliable. 

3.  The  fluid  must  be  of  pleasant  odour,  and  must  produce  no  irritation 
when  inhaled  or  when  applied  to  the  skin.  All  the  fluids  which,  like  chloro- 
form, amylene,  and  turpentine,  cause  redness  and  irritation  of  skin,  cause 
also,  when  introduced  into  the  blood,  irritability  of  muscle  and  rigidity,  toge- 
ther with  vomiting. 

4.  The  boiling-point  of  the  fluid  should  be  not  less  than  110°  Fahr.,  and 
not  over  130°.  Fluids  which  pass  into  vapour  below  the  temperature  of  the 
animal  body  act  practically  as  gases,  and  must  be  used  in  free  quantities  to 
the  exclusion  of  air ;  common  ether,  amylene,  and  bichloride  of  methylene  have 
this  fault,  the  last  least.  Fluids,  on  the  other  hand,  which  pass  altogether 
into  vapour  at  a  point  much  above  the  animal  temperature,  as  at  140°  or 
upwards,  condense  in  the  pulmonary  blood  too  determinately,  and  although 
they  create  a  long  sleep,  they  remain  for  a  considerable  period  in  the  body, 
creating  continued  nausea  and  depression  from  interference  with  the  conser- 
vation of  the  animal  heat.  Chloroform,  tetrachloride  of  carbon,  and  common 
alcohol  are  objectionable  on  these  grounds.  A  fluid  which  should  have  a 
boiling-point  some  20°  above  the  body,  and  other  properties  equally  good  to 
commend  it,  would  be  convenient  in  every  respect.  It  could  bo  easily  preserved, 
and  as  an  anaesthetic  it  would  be  alike  applicable  to  long  and  short  operations. 

5.  The  density  of  the  vapour  of  the  fluid  should  be  about  40,  taking 
hydrogen  as  unity. 

In  the  large  Table  before  the  Section  I  have  named  a  list  of  substances 
(23  in  all),  which  have  leceived  from  me  the  most  careful  investigation ; 
they  are  all  wanting  in  some  property  that  is  essential,  but  one  or  two  new 
'observations  respecting  the  action  of  certain  of  them  are  worthy  of  notice. 
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On  Methylic  Ether  in  Eihylic  Ether. — To  obtain  a  very  quickly  acting  and 
safe  anaesthetic  fluid  I  saturated  common  ether  with  methylic  ether.  A  very 
agreeable  but,  of  course,  unstable  fluid  was  in  this  way  obtained.  After  nar- 
cotizing several  animals  with  this  compound,  I  allowed  my  Mends  Dr.  Sedg- 
wick and  Mr.  Marshall  to  subject  me  to  it  on  the  20th  of  May  of  this  year. 
The  vapour  caused  no  irritation,  and  I  was,  I  learn  from  Dr.  Sedgwick's 
note,  "  well  off"  in  one  minute,  the  pulse  rising  from  70  to  96.  At  first  the 
respiration  was  slightly  sobbing,  two  or  three  rapid  inspirations  being  fol- 
lowed by  two  or  three  similar  expirations.  There  was  no  change  of  colour  in 
the  face,  and  no  coldness.  After  being  insensible  for  seventy  seconds,  I 
awoke  sufficiently  to  speak  to  my  friends,  but  I  do  not  remember  the  circum- 
stance, and  I  am  reported  to  have  fallen  off  quietly  to  sleep  again,  after  moving 
from  the  chair  in  which  I  was  sitting  to  a  couch,  on  which  I  lay  down. 
Here  I  slept  very  quietly,  with  easy  breathing,  for  at  least  two  minutes,  and 
then  I  awoke  with  slight  sobbing,  followed  by  a  violent  and  irrepressible  fit 
•of  laughter.  Eecovery  was  rapid,  indeed  instantaneous,  after  this,  and  was 
unattended  by  any  one  disagreeable  symptom  ;  there  was  no  vomiting,  no 
nausea,  no  headache ;  indeed  in  five  minutes  I  was  following  my  occupations 
as  if  nothing  had  interfered  with  them. 

In  order  to  see  the  extreme  effect  of  methylic  ether,  I  allowed  a  guinea- 
pig,  when  profoundly  narcotized,  to  remain  in  an  atmosphere  holding  15  per 
cent,  of  the  gas.  The  animal  continued  to  breathe  easily  for  nine  minutes  in 
this  atmosphere,  then  the  breathing  became  irregular,  and  at  fourteen 
minutes  it  stopped.  I  now  removed  the  animal  into  pure  air  at  75°,  and  on 
examining  the  heart  I  found  that  organ  beating  steadily,  and  with  the  sounds 
most  distinct.  I  continued  to  watch  for  restoration  of  breathing,  and  four 
minutes  and  twenty-three  seconds  afterwards  observed  a  slight  movement  of 
breathing ;  in  two  or  three  seconds  more  these  movements  were  repeated,  in 
another  minute  there  were  sixteen  inspirations  in  forty-five  seconds,  and  the 
animal  in  the  end  recovered  rapidly  and  soundly,  with  nothing  worse  than 
a  slight  shivering.  In  this  experiment  there  was  the  longest  complete  sus- 
pension of  respiration  in  a  warm-blooded  animal  I  have  ever  seen,  followed 
by  recovery. 

In  a  further  series  of  experiments  I  allowed  pigeons,  rabbits,  and  guinea- 
pigs  to  sleep  to  death  in  methylic  ether.  In  aU  cases  the  respiration  ceased 
before  the  heart  Btopped  its  rhythmical  pulsation,  and  in  every  case  there 
was  found  after  death  slight  congestion  of  the  lungs,  blood  on  both  sides  of 
the  heart,  and  blood  on  the  arterial  side  darkened  in  colour.  In  no  case  did 
spasmodic  action  precede  death. 

In  recording  the  phenomena  induced  by  the  inhalation  of  methylic  ether, 
we  cannot  but  be  struck  with  an  analogous  action  between  it  and  nitrous 
oxide  or  laughing-gas.  Like  nitrous  oxide  it  acts  quickly,  and  its  effects 
quickly  pass  away,  but  it  does  not  produce  the  same  degree  of  asphyxia,  and 
it  acts  when  freely  diluted  with  air. 

Methylal. 

Another  substance  which  promised  to  be  a  good  agent  was  methylal.  The 
composition  of  methylal  is  03  H8  G2 ;  its  specific  gravity  is  0-855,  and  its 
vapour  density  is  38.  It  was  made  for  me  by  Dr.  F.  Versmann.  It  is  made 
by  distilling  methylic  alcohol  and  sulphuric  acid  with  peroxide  of  manganese. 
It  is  a  clear  fluid,  boiling  at  108°  F.,  and  having  a  sweet  ethereal  odour.  It 
is  soluble  in  water  as  well  as  in  ether  and  alcohol. 

In  the  vapour  of  methylal  animals  pass  into  sleep  gently  and  slowly  with 
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perfect  insensibility.  The  peculiarity  of  action  is  slowness.  "When  the  sleep 
has  been  produced,  it  lasts  a  considerable  period,  and  is  undisturbed,  but 
the  respiration  is  slow  and  heavy.  There  is  no  marked  excitement  and  no 
vomiting.  If  the  action  were  less  prolonged,  methylal  would  rank  amongst 
the  best  of  anaesthetics.    It  is  a  very  agreeable  vapour  to  inhale. 

Fobmiate  op  Ethyl. 

The  last  agent  which  I  tested  was  the  formiate  of  ethyl.  The  composition 
of  the  formiate  is  Ca  H6  Ou,  the  boiling-point  130°,  the  vapour-density  37°. 
It  is  made  by  distilling  alcohol  with  formic  acid.  In  the  vapour  of  this 
substance  animals  fall  into  a  stupor,  but  do  not  actually  sleep.  They  have 
considerable  muscular  excitement,  and  vomiting  is  easily  excited.  The 
vapour  is  also  irritating  to  the  throat  and  to  the  air-passages  of  the  lung. 

My  chief  object  in  testing  the  formiate  of  ethyl  was  to  compare  its  action 
with  that  of  the  acetate  of  methyl,  with  which  it  is  isomeric.  The  action  of 
the  two  is  different ;  the  acetate  produces  deep  stupor  without  muscular  ex- 
citement. 

On  the  Neutralization  op  some  Poisons  by  the  Methyl  and  Ethyl  Series. 

The  last  line  of  research  to  which  I  shall  refer  in  this  Keport  relates  to  the 
employment  of  the  members  of  the  methyl  and  ethyl  series  for  the  purpose 
of  neutralizing  alkaloidal  poisons.  Prom  the  fact  that  iodide  of  potassium 
and  iodide  of  methyl  produce  very  definite  curative  effects  in  some  forms  of 
disease,  it  occurred  to  me  that  possibly  they  underwent  change  of  constitution 
in  the  body,  forming,  with  a  foreign  and  injurious  agent,  a  new  compound. 

This  view  was  confirmed  by  an  observation  made  some  years  ago  while  con- 
ducting experiments  on  the  synthesis  of  cataract.  I  found  then,  and  recorded 
the  fact  in  Brown- Sequard's  Journal  in  1860,  that  while  chloride  of  potassium 
and  chloride  of  .odium  would  produce  a  synthesis  of  cataract,  the  correspond- 
ing iodide  salts  would  not.  Hence  I  concluded  that  the  iodides,  even  in 
organisms  so  low  as  frogs,  were  decomposed.  The  question,  therefore,  came 
before  me,  whether  the  iodides  would  neutralize  in  the  organism  the  action 
of  some  of  the  better  known  poisons  of  the  alkaloidal  type. 

To  test  this  the  following  research  was  made ;  it  dated  from  the  24th  of 
October  last  year,  1867. 

Three  solutions  were  prepared.  One  consisted  of  2  minims  of  iodide  of 
ethyl,  mixed  with  30  of  water.  Two  consisted  of  30  minims  of  water  and 
alcohol,  holding  the  ^  of  a  grain  of  strychnia.  Three  consisted  of  A  of  a 
grain  of  strychnia  with  2  minims  of  iodide  of  ethyl  and  30  of  alcohol  and 
water. 

A  frog  was  injected  with  the  solution  number  1.  It  became  tetanic  in 
one  minute  and  a  half.  Another  frog  was  injected  with  the  solution  num- 
ber 3,  i,  e.  the  solution  of  strychnia  and  iodide  of  ethyl.  This  frog  also  be- 
came tetanic  in  one  minute  and  a  half. 

The  frog  number  1  was  now  injected  with  a  solution  containing  5  minims  of 
the  iodide  of  ethyl ;  within  ten  minutes  the  spontaneous  tetanus  had  ceased, 
and  spasm  produced  under  the  influence  of  irritation  was  very  much  less.  In 
twenty  minutes  there  was  entire  relaxation,  but  with  faint  twitches  when  the 
skin  was  touched. 

The  frog  number  2  was  next  injected  with  a  solution  containing  1  minim 
of  iodide  of  ethyl.  There  was  immediate  relaxation  of  the  tetanic  spasm,  and 
irritation  brought  on  no  spasm. 

One  hour  after  this  the  frog  number  1  still  twitched  when  touched,  while 
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frog  2  remained  relaxed  and  living,  but  paralyzed.    Both  frogs  died  on  the 
following  day,  retaining  their  symptoms  to  the  end. 

It  was  clear  in  these  two  cases  that  the  iodide  of  ethyl  exerted  an  anti- 
dotal action  to  the  poison,  but  as  the  animals  died  with  different  classes  of 
symptoms,  a  further  research  was  made. 

A  large  frog  was  injected  with  10  minims  of  the  iodide  simply.  It  seemed 
quite  unaffected  for  some  hours,  but  on  the  following  day  it  died,  presenting 
symptoms  of  general  paralysis  similar  to  the  frog  that  had  received  the 
five-minim  injection  after  the  strychnia.  Thus  the  question  had  to  be  solved 
whether  any  precise  formula  of  neutralization  could  be  arrived  at.  In  one 
experiment  I  had  not  used  enough  iodide  to  overcome  the  spasm,  in  another 
I  had  thrown  in  so  much  of  the  iodide  as  to  more  than  neutralize,  and,  in 
fact,  to  kill  by  the  iodide  itself.  Can,  then,  any  known  quantities  for  exact 
neutralization  be  arrived  at  in  a  living  body  ? 

I  believe  they  can,  but  up  to  this  time  I  have  failed,  after  the  most  careful 
study,  to  find  the  quantity.  I  can  certainly  prolong  life  twenty-four  and 
even  twenty-eight  hours  after  a  terribly  intense  dose  of  strychnia,  but  ulti- 
mately there  is  death. 

Iodide  of  methyl  acts  in  precisely  a  similar  way  as  the  iodide  of  ethyl,  as 
do  also  the  bromides  of  methyl  and  ethyl. 

Another  series  of  experiments  were  at  the  same  time  made  with  nicotin. 
On  October  the  26th,  1867,  two  minims  of  nicotin  were  injected  subcu- 
taneously  into  a  large  rabbit.     Tho  animal  died  in  twenty-five  seconds. 

A  second  rabbit  was  injected  with  two  minims  of  nicotin  and  two  of  iodide 
of  ethyl.     It  died  also  in  twenty-five  seconds. 

A  third  rabbit  was  injected  with  one  minim  of  nicotin  and  ten  of  the 
iodide.     It  died  in  one  minute  and  fifty-one  seconds. 

A  guineapig  and  a  rabbit  were  treated  with  ten  minims  of  the  iodide 
only.     They  remained  well  for  several  hours,  but  both  died  next  day. 

Again,  varied  experiments  were  carried  out  to  get  at  the  neutralizing  pro- 
portions of  these  two  agents,  and  guineapigs  were  made  to  replace  the  rab- 
bits ;  but  the  point  was  never  reached.  The  effect  of  a  large  dose  of  nicotin 
was  modified,  i.  e.  the  convulsive  action  was  prevented,  but  in  tho  end  there 
was  death. 

In  my  Report  at  the  Meeting  at  Birmingham,  I  suggested  that  possibly  it 
would  be  practicable  to  make  new  chemical  compounds,  substitution-com- 
pounds, in  the  living  body.  While  I  have  been  thinking  and  trying  to  work 
out  this  idea,  Drs.  Fraser  and  Crum  Brown  have  been  conducting  the  most 
singularly  beautiful  series  of  research  bearing  on  the  same  question,  but 
carried  on  differently.  These  experimentalists  have  shown  conclusively  that 
an  intensely  poisonous  dose  of  strychnia  can  be  rendered  inert  by  first  eon- 
verting  the  alkaloid  into  a  methyl-iodide. 

This  is  a  wonderful  advance.  But  the  question  remains,  can  the  same 
thing  be  done  within  the  living  body  ?  Can  a  new  chemical  compound  be 
produced  there  ?  When  wo  consider  the  circumstances  under  which  the  sub- 
stitution-compounds are  made  in  the  laboratory,  I  confess  I  am  hardly  pre- 
pared to  see  that  they  can  be  formed  in  the  body.  On  the  other  hand,  we 
have  now  evidence  that  to  a  certain  extent  iodide  of  methyl  and  ethyl  are 
directly  antidotal  to  strychnia  or  nicotin. 

In  the  body,  however,  there  are  two  distinct  actions  to  be  considered,  the 
physiological  action  and  the  chemical.  The  antidotal  effects  of  the  methyl- 
iodide  might,  therefore,  be  due,  not  to  chemical  union  or  substitution,  but  to 
physiological  neutralization. 
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To  approach  a  conclusion  on  this  particular  point  1  moved  from  the 
iodides  altogether,  and  from  the  monocarbon  series  altogether,  and  repeated 
some  experiments,  which  1  had  commenced  as  early  as  1864,  with  various 
nitrites  of  the  bodies  of  which  carbon  is  the  base.  1  began  with  nitrite 
of  amyl,  passed  to  nitrite  of  ethyl,  and  next  to  the  nitrite  and  nitrate  of 
methyl.  The  results  are  rich  in  interest ;  for  each  one  of  these  substances 
proves  to  be  singularly  antidotal  to  the  acute  action  of  strychnia.  So  re- 
markably is  this  true  in  respect  to  nitrite  of  amyl,  that  in  a  frog  tetanized 
with  strychnia  I  was  able  to  hold  back  every  convulsion  for  three  days  by 
the  simple  experiment  of  keeping  the  animal  on  a  bed  of  moist  moss,  cove- 
ring it  with  a  bell-jar,  and  by  introducing  into  the  jar  two  minims  of  the 
nitrite  every  eight  hours  on  a  strip  of  paper. 

But  here  came  the  singular  fact,  and  in  different  degrees  it  was  seen  in 
all  the  other  experiments ;  so  soon  as  the  bell-jar  was  removed,  and  the 
antidote  was  able  to  escape  from  the  body  of  the  animal,  the  strychnine 
tetanus  returned.  In  one  case,  however,  by  great  care  in  the  experiment, 
a  slightly  tetanized  frog  was  kept  long  enough  under  the  nitrite  to  allow 
the  effects  of  the  tetanic  poison  to  cease,  and  this  animal  recovered. 

These  truths  are  so  convincing  that  I  can  have  no  hesitation  in  confirming 
another  suggestion  I  made  at  the  Birmingham  Meeting,  for  the  careful  em- 
ployment of  the  nitrite  of  amyl,  by  inhalation,  in  the  treatment  of  tetanus 
in  the  human  subject.  The  remedy  can  be  inhaled  from  the  alcoholic  solution 
which  I  have  already  placed  before  the  Section,  and  it  may  be  applied,  under 
cautious  or,  rather,  careful  administration,  whenever  there  is  spasmodic 
paroxysm. 

But  what  is  the  action  ?  I  do  not  think  there  can  be  any  doubt  on  the 
point  in  the  case  of  the  nitrites.  It  is  clear  that  the  action  is  purely  phy- 
siological, because  when  the  antidote  is  not  renewed  the  action  of  the 
strychnine  returns.  I  am  bound  at  this  moment  to  confine  myself  to  the 
strict  narration  of  this  fact,  without  applying  it  by  inference  to  the  iodides, 
bromides,  or  other  bodies  of  the  organic  scries.  Next  year,  after  a  new 
course  of  experimental  research,  I  shall,  I  trust,  be  able  to  show  the  posses- 
sion of  some  more  definite  knowledge  on  the  subject. 

I  conclude.  It  is  not  a  practice  of  mine  to  trespass  beyond  due  bounds 
on  the  patience  of  an  audience,  and  if  on  this  occasion  I  may  appear  to 
have  broken  a  wholesome  rule,  I  really  cannot  apologize.  The  subject  I 
have  had  to  treat  goes  to  the  root  of  principle  in  the  study  of  means  for 
the  cure — I  am  bold  to  say  the  cure,  by  true  and  certain  scientific  methods, 
of  the  diseases  which  most  severely  scourge  the  human  family  and  many  of 
the  lower  families  in  the  scale  of  living  organization. 

Gradually,  but  surely  as  gradually,  the  curer  of  bodies  will  learn  from  the 
chemist  and  the  practical  physiologist  that  his  remedies,  rapid  in  action,  easy 
in  administration,  positive  in  result,  must  all  come  from  the  organic  com- 
pounds, which  are  of  themselves  a  part  of  the  organic  nature. 

Thus  learned,  the  physician  will  exchange  dogmatism  for  wisdom,  faith 
for  knowledge,  and  doubt  for  certainty.  He  will  compete  v.ith  his  fellows 
by  the  pure  struggle  of  intellect ;  he  will  be  responsible  for  results  without 
evasion,  and  his  duties  will  be  more  solemnly  his  own  ;  but  he  will  stand, 
where  he  never  stood  before,  a  conscious  master  in  his  art ;  he  will  know  in 
what  he  doth  believe,  and  the  world,  assured  by  his  exactitude,  will  soon 
learn  to  know  none  but  him  in  his  vocation. 
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Report  of  the  Edinburgh  Committee  on  the  Action  of  Mercury  on  the 
Biliary  Secretion.  By  J.  Hughes  Bennett,  M.D.,  F.R.S.E., 
Chairman  and  Reporter. 

At  the  Meeting  of  the  Association  in  Dundee  (1867),  1  read  as  a  communica- 
tion some  of  the  results  arrived  at  by  a  Committee  which  had  been  in- 
vestigating the  action  of  mercury  as  a  cholagogue.  The  inquiry  originated 
in  a  suggestion  made  by  myself,  in  the  annual  address  in  medicine  1  delivered 
to  the  British  Medical  Association  at  Chester  in  1866.  The  physiological 
department  of  Section  D  considered  the  results  so  interesting  and  important 
that  a  grant  of  money  was  voted  in  aid  of  the  Committee's  researches,  with 
the  understanding  that  a  full  report  was  to  be  made  on  the  whole  inquiry 
at  the  next  Meeting  of  the  Association  to  be  held  in  Norwich.  The  Com- 
mittee consisted  of  Dr.  Hughes  Bennett,  Professor  of  the  Institutes  of  Medicine 
and  Physiology  in  the  University  of  Edinburgh,  the  Chairman  and  Keporter, 
Dr.  Christison,  Professor  of  Materia  Medica,  Dr.  Maclagan,  Professor  of 
Medical  Jurisprudence,  Dr.  James  Rogers,  formerly  of  St.  Petersburg,  Dr. 
W.  Rutherford,  assistant  to  the  Professor  of  Physiology,  Dr.  Gamgee, 
assistant  to  the  Professor  of  Medical  Jurisprudence,  and  Dr.  Fraser,  assistant 
to  the  Professor  of  Materia  Medica,  Edinburgh. 

The  first  meeting  of  the  Committee  was  held  November  16th,  1866.  On 
proceeding  to  consider  by  what  method  the  action  of  mercury  on  the  biliary  se- 
cretion was  to  be  accurately  ascertained,  the  conclusion  was  arrived  at  that  no 
kind  of  examination  of  the  faeces  could  yield  trustworthy  results.  Supposing 
that  the  chief  and  characteristic  constituents  of  the  bile  found  their  way  into 
the  alvine  evacuations  unchanged,  imperfection  in  the  analytical  methods  at 
our  disposal  render  their  quantitative  analysis  impossible.  The  plan  of 
ascertaining  bile-acids  indirectly  by  means  of  nitrogen  and  sulphur  determina- 
tions of  the  alcoholic  extract,  while  most  unsatisfactory  in  the  case  of  pure 
bile,  is  still  more  so  when  applied  to  the  alcoholic  extract  of  faeces.  The 
method  of  Professor  Hoppe-Seyler  of  Tubingen,  who  calculated  the  amount 
of  bile-acids  from  the  effect  which  their  solutions  exert  upon  the  ray  of 
polarized  light,  presents  such  complexity  and  difficulty  as  to  render  its 
systematic  employment  in  any  series  of  analyses  altogether  inapplicable.  As 
to  the  colouring-matters  of  bile,  there  is  no  direct  method  known  by  which 
they  can  be  estimated.  But  it  was  further  argued  that,  did  we  even  possess 
proper  means  of  estimating  the  bile-products,  it  is  only  a  small  portion  of 
such  as  are  secreted  by  the  liver  which  can  be  found  in  the  alvine  discharges. 
Bidder  and  Schmidt  ascertained  that  the  amount  of  unoxidized  sulphur  in 
them  only  represented  one-eighth  part  of  the  total  sulphur  which  the  liver 
secretes,  and  that  of  the  other  constituents  of  the  bile  the  larger  proportion 
are  absorbed.  Indeed  the  utter  impossibility  of  detecting  the  constituents 
of  bile  in  the  faeces  is  admitted  by  one  of  the  most  reliable  physiological  chemists 
of  Europe,  viz.  Professor  Hoppe-Seyler.  That  under  the  influence  of  purga- 
tives unchanged  bile  is  occasionally  discharged  from  the  bowel  is  true ;  but 
this  furnishes  no  proof  of  any  increase  of  that  secretion  ;  for  under  ordinary 
circumstances  it  is  decomposed  and  absorbed  in  the  alimentary  canal,  and 
any  cause  which  increases  the  rapidity  of  its  passage  there,  must  render  ab- 
sorption and  decomposition  less  complete. 

As  it  was  evident  that  no  accurate  information  concerning  the  amount  of 
bile  secreted  by  the  liver  was  to  be  obtained  by  an  examination  of  the  faeces, 
the  Committee  arrived  at  the  conclusion  that  the  formation  of  biliary  fistulae 
in  living  animals,  and  collecting  the  bile  directly  through  such  fistulae  from 
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the  gall-bladder,  was  the  only  means  open  to  them  of  determining  how  far 
mercury  influenced  that  secretion. 

History. 

It  next  became  necessary  to  ascertain  what  had  been  made  out  by  previous 
observers  as  to  the  amount  of  bile  secreted  by  the  liver,  under  varied  cir- 
cumstances, through  biliary  fistulae.  For  literary  researches  into  this  matter, 
the  Committee  are  greatly  indebted  to  Dr.  Kogers.  He  informs  the  Com- 
mittee, in  his  report  on  this  branch  of  the  inquiry,  that  efforts  to  establish 
biliary  fistulae  and  to  collect  the  bile  have  been  attended  with  extreme 
difficulty  in  the  hands  of  all  experimenters,  and  have  led  to  a  large  mortality 
among  the  animals  operated  on.  Of  18  dogs  operated  on  for  this  purpose  by 
Professor  Schwann  of  Louvain,  10  died  within  a  week  after  the  operation, 
from  its  immediate  effects ;  six  in  from  eight  to  eighty  days  from  inanition, 
although  the  appetite  remained  good.  In  2,  the  choledic  diet  was  rees- 
tablished. Some  years  afterwards  he  operated  on  12  other  dogs,  so  that 
the  total  number  operated  on  amounted  to  30 ;  and  Bidder  and  Schmidt 
inform  us  that  of  these  one  lived  four  months,  and  another  a  whole  year, 
after  the  operation.  The  last-mentioned  authors  say*,  "  We  shall  not  take 
into  account  the  unsuccessful  cases,  of  which  the  number  at  the  commence- 
ment of  our  investigation  of  this  subject  was  not  very  small."  Again,  thev 
say,  "After  ten  or  twelve  unsuccessful  attempts  to  establish  permanent 
biliary  fistulae  in  cats,  we  were  obliged  to  have  recourse  to  dogs."  Dr.  Flint, 
in  his  paper  on  a  New  Function  of  the  Liver,  does  not  mention  the  number 
of  dogs  on  which  he  performed  the  operation ;  but  it  is  evident  that  a  great 
number  perished.  He  says,  "  All  the  experiments  made  during  the  winter 
1860-61  were  unsuccessful,  no  animal  surviving  the  operation  more  than 
three  days."  After  a  number  of  trials  during  the  following  winter,  which 
were  not  more  successful  than  the  previous  ones,  he  succeeded  at  last  with 
one  animal.  There  is  every  reason  to  believe  that,  had  other  experimenters 
informed  us  of  their  failures,  the  number  of  these  would  have  been  equally  great. 
In  the  few  cases  which  have  succeeded,  however,  it  is  important  to  remember 
that  a  large  amount  of  valuable  information  regarding  the  bile  has  been  ob- 
tained that  never  would  have  been  arrived  at  without  them. 

The  operation  performed  by  physiologists  on  animals  in  order  to  establish 
biliary  fistulae  has,  with  a  few  modifications,  been  essentially  the  same,  and 
will  be  subsequently  described  when  detailing  the  experiments  of  the  Com- 
mittee. 

The  results  arrived  at  may  be  divided  into: — 1,  the  amount  of  the 
biliary  secretion  in  health,  and  the  circumstances  which  influence  it ;  2,  the 
special  effect  of  mercury  on  the  secretion  of  bile. 

1.  Previous  Researches  to  determine  the  amount  of  Bile  Secreted  in  Dogs, 
and  the  Circumstances  which  influence  it, 

HALLERf. — In  nailer's  '  Physiology,'  reference  is  given  to  several  cases  in 
which  attempts  had  been  made  to  ascertain  the  quantity  of  bile  secreted  in  a 
given  time  by  experiments  on  living  dogs.  The  description  of  them,  however, 
is  so  very  vague  and  general  that  they  possess  little  interest  for  the  phy- 
siologists of  the  present  day.  Yan  Beverhord  found  the  quantity  of  bile  se- 
creted by  a  dog  in  twenty-four  hours  to  be  6  oz. ;  and  Haller,  estimating  the 
secretion  in  the  human  subject  at  four  times  that  in  the  dog,  suggested  24  oz. 

*  Verdauungs-Safte  und  der  Stoffwechsel,  1852,  page  125. 
t  Physiologia,  torn.  vi.  page  605. 
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to  be  the  quantity  secreted  daily  in  the  healthy  human  adult.  He  likewise 
alludes  to  an  interesting  case  of  a  man  in  whom  a  biliary  fistula  was  formed 
in  consequence  of  a  wound  of  the  gall-bladder.  Tacconus,  who  saw  the  case, 
estimated  the  amount  of  bile  discharged  by  the  fistula  at  4  oz. ;  but  whether 
the  expression  "  eodem  tempore "  refers  to  six  or  twenty-four  hours,  it  is 
impossible  to  say — probably  to  the  former. 

Schwann*. — It  was  not  till  1844  that  any  serious  attempts  were  made  to 
investigate  this  subject  by  Professor  Schwann  of  Louvain.  He  made  several 
interesting  experiments,  by  means  of  biliary  fistula;,  to  ascertain  the  utility 
of  bile  in  the  animal  economy.  Unfortunately  he  does  not  appear  to  have 
carried  out  his  intention  of  ascertaining  accurately  its  amount. 

BLONDLOit. — In  1846  Blondlot  succeeded  in  establishing  a  biliary  fistula 
in  a  dog  of  middle  size,  in  which  he  gives  approximately  40  to  50  grammes 
as  the  amount  of  bile  secreted  in  twenty-four  hours.  His  estimate,  however, 
was  not  made  with  great  precision ;  for  he  only  collected  the  fluid  for  short 
periods  at  a  time,  and  could  not  therefore  ascertain  its  exact  amount  in  twenty- 
four  hours. 

H.  NasseJ. — Heinrich  Nasse  of  Marburg  published  in  1851  an  in- 
teresting memoir  giving  an  account  of  a  series  of  experiments  performed  on 
one  dog  in  which  a  biliary  fistula  had  been  established,  and  which  lived 
afterwards  five  months  and  a  half.  His  object  was  to  ascertain  the  influence 
of  the  quantity  and  quality  of  the  food  on  the  biliary  secretion.  As  we  have 
not  succeeded  in  obtaining  the  original  work,  the  result  of  his  researches  will 
be  subsequently  tabulated  as  obtained  from  the  abstract  given  of  them  in 
Canstatt§. 

Bidder  and  Schmidt  ||. — In  1852,  Bidder  and  Schmidt,  in  their  work  on 
the  Digestive  Fluids,  gave  an  account  of  the  most  elaborate  experiments  yet 
made  to  determine  the  amount  of  the  biliary  secretion.  They  succeeded  in 
establishing  biliary  fistulse  in  four  dogs.  In  one  dog  the  daily  observations 
extended  from  Feb.  17th  to  April  15th,  when  he  was  killed.  The  bile  was 
collected  by  holding  a  balloon-shaped  glass  over  the  fistulous  opening  for 
fifteen  minutes  at  a  time ;  and  this  was  repeated  daily  from  six  to  ten  times 
successively.  The  varying  amount  of  biliary  secretion  obtained  at  one  period 
was  corrected  by  the  results  obtained  at  other  periods,  and  the  average  amount 
calculated  from  a  large  number  of  observations.  This  method,  though 
excellent  for  determining  the  amount  of  the  secretion  at  different  periods  of 
the  digestive  process,  is,  as  regards  the  daily  quantity,  evidently  unsatisfactory. 
Besides,  as  the  dog  did  not  consume  the  same  amount  of  food  under  these 
varied  circumstances,  that  might  vitiate  the  result.  To  simplify  the  Tables, 
and  render  calculation  easier,  they  estimated  the  amount  of  bile  secreted  at 
so  much  per  kilogramme  weight  of  dog.  Thus,  if  a  dog  weighing  5  kilo- 
grammes secreted  100  grammes  of  bile  in  twenty-four  hours,  it  would  be 
said  that  20  grammes  of  bile  were  secreted  for  each  kilogramme  of  dog  in 
twenty-four  hours.  They  estimate  the  average  amount  of  bile  per  kilogramme 
in  twenty-four  hours  at  19999. 

The  following  Table  gives  the  average  amount  of  biliary  secretion  in  the 
four  dogs,  with  the  average  amount  of  food  per  kilogramme  taken  hourly  and 
daily.     One  kilogramme  weight  of  dog  gives  6  grammes. 

*  Miiller's  '  Arcbiv,'  1844,  page  127. 

t  Essai  sur  les  Functions  du  Foie,  1846. 

J  Commentatio  do  bill's  quotidie  a  cane  secrete  copia  et  indole.    Marburg,  1851. 

§  Canstatt's  Jahresbericht,  1856,  1st  Heft,  p.  87. 

||  Verdauungs-Safte  und  der  Stoffwechsel,  1852. 
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1. 

2. 

3- 

4. 

5- 

6. 

In  i  Hour. 
Fresh  bile 

o*539 
0*040 

12*936 
0*960 

0*663 
0035 

15012 

0*840 

3249 
flesh;  174 
bacon  and 

butter. 

0*696 
0*029 

16704 
0*696 

1785 
flesh; 

7*«7 
milk. 

1*023 
0*049 

24*550 
1*176 

flesh; 

8*32 

bread. 

1*198 

0*057 

28*750 
1*268 

66*42 

flesh;  8*59 

bread 

(rye). 

0*824 

0*042 

1999 
0988 

Dry  residue  

In  24  Hours. 
Fresh  bile 

Dry  residue  

Daily    amount" 
of  food    per 
kilogramme 
weight  of  dog. . 

The  first  column  gives  the  quantity  of  bile  obtained  from  recently  formed 
biliary  fistuke,  the  four  following  ones  the  quantity  obtained  in  cases  of 
fistula?  of  some  standing,  and  the  sixth  gives  the  average  amount  of  the 
different  observations. 

Bidder  and  Schmidt  found  that  the  amount  of  bile  secreted  in  a  giyem 
period  varies  much  in  different  species  of  animals.  Thus  for  every  kilo- 
gramme of  animal  there  is  produced  on  an  average — 


In  1  Hour. 

Oat. 

Dog. 

Sheep. 

Rabbit 

Goose. 

Crow. 

o*6o8 
0*034 

0*824 
0*042 

1059 
0*056 

5702 
0*103 

0491 
0*034 

3*004  Fluid. 
0*219  Solids. 

In  24  Hours. 

14*50 
0*816 

i9'9?o 
0988 

25416 
i*344 

13684 

**47' 

11784 
0-816 

Fluid. 
5-256  Solids. 

It  appears  remarkable  that  the  rabbit  should  secrete  &ve  times  as  much  bile 
as  the  other  larger  animals  do,  and  that  the  crow  should  secrete  so  much  more 
than  the  goose ;  but  from  the  manner  in  which  the  bile-collections  were  made, 
little  confidence  can  be  placed  in  these  results.  They  found  that  the  amount 
of  the  biliary  secretion  was  much  influenced  by  the  quantity  and  quality  of 
the  food  ar  d  drink.  Taking  from  six  ounces  to  ten  ounces  of  water  produces 
a  rapid  increase  of  the  secretion,  attaining  its  greatest  measure  in  from  forty- 
five  to  sixty-one  minutes  after  it  had  been  taken,  and  diminishing  as  rapidly. 
They  found  that,  when  the  food  of  cats  consisted  almost  exclusively  of  fat, 
the  secretion  of  bile  was  reduced  to  about  the  quantity  furnished  by  fasting 
animals.  Blondlot  (p.  62)  says  that  the  use  of  fat  increases  the  amount  of 
bile ;  and  Bitter  and  Nasse  say  that  the  addition  of  fat  to  the  food  increases 
the  secretion — at  least  when  the  supply  of  flesh  at  the  same  time  is  not  great. 
Bidder  and  Schmidt  also  ascertained  that  the  quantity  of  the  biliary  secretion 
varies  at  different  perods  of  the  digestive  process,  and  that  it  attained  its 
maximum  thirteen  to  fifteen  hours  after  a  meal.  On  this  point  it  may  be 
here  observed  that  ArnoM  supposed  it  to  reach  its  maximum  two  to  four 
hours  after  solid  food  was  taken,  Kolliker  and  Miiller  generally  from  five  to 
eight  hours,  and  Dr.  Flint  from  two  to  eigh ;  hours.  Dr.  Dalton,  from  ob- 
servations made  on  a  case  of  duodenal  fistula,  thinks  biliary  secretion  is  at 
its  maximum  an  hour  after  feeding.  Bitter  and  Nasse,  like  Arnold,  re- 
marked two  maxima  in  the  course  of  the  day — the  first  occurring  during  the 
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first  or  second  hour  after  feeding,  the  other  so  much  the  earlier  the  more 
scanty  the  supply  of  food. 

In  Bidder  and  Schmidt's  tabulated  observations  on  the  first  dog,  it  will  be 
seen  that  the  greatest  amount  of  fresh  bile  was  secreted  between  six  and 
seven  hours  after  a  meal.  It  is  true  that  the  greater  amount  of  dry  biliary 
residue  was  found  in  one  of  the  collections  made  from  for  r teen  and  a  half  to 
fifteen  and  a  half  hours  after  feeding ;  but  in  another  quantity  collected  at 
the  same  period  after  feeding  the  amount  both  of  fresh  bile  and  dry  residue 
was  much  less  thtm  that  colkcted  between  six  and  seven  hours  after  a  meal. 
Again,  of  two  qrantities  collec  ed  respectively  on  the  2rd  and  6th  of  Novem- 
ber, from  fourteen  to  fifteen  and  a  half  hours  after  feeding,  the  amount  of 
fresh  bile  in  the  first  collection  was  only  about  the  half  of  what  was  secreted 
from  three  to  four  hours  after  a  meal ;  and  in  the  second  collection  it  was 
about  half  of  that  secreted  from  four  and  a  half  to  five  and  a  half  hours  after 
a  meal.  The  tabulated  observations  on  the  third  dog  seem  to  give  mo?e 
support  to  Bidder  and  Schmidt's  opinion ;  but  quantities  of  biliary  secretion 
given  for  different  periods  after  feeding  are  too  fluctuating  to  permit  the 
amount  of  bile  secreted  at  any  given  stage  of  digestion  to  be  accurately 
estimated.  The  observations  of  Bidder  and  Schmidt  themselves,  thereforei 
do  not  support  their  own  conclusion;  and  as  this  is  opposed  to  those  of 
other  experimenters,  it  must  be  concluded  that  the  amount  of  bile  secreted 
varies  considerably  in  the  same  animal,  and  at  the  same  period  of  digestion, 
even  independently  of  food  and  drink. 

Aukold*. — In  1854  Dr.  Arnold  published  a  work  on  the  *  PhyBiology  of 
the  Bile/  and  afterwards  made  some  additional  experiments  on  the  subject  in 
1857.  The  apparatus  he  employed  consisted  of  a  canula  4£  centimetres  long 
and  4  centimetres  wide,  attached  by  a  screw  to  an  elastic  caoutchouc  bag  10 
centimetres  long  and  1  centimetre  broad.  Fifteen  millimetres  above  this 
attachment,  and  at  right  angles  with  the  canula,  was  a  metallic  plate,  12 
millimetres  in  diameter.  This  plate  was  placed  between  the  skin  and  the 
muscles ;  and  the  wound  healed  perfectly  over  it,  preventing  all  escape  of  bile 
between  the  soft  parts  and  the  canula.  The  distal  'extremity  of  the  bag  had 
a  cork  stopper,  by  taking  out  which  the  bile  collected  in  it  could  be  removed. 
The  operation  was  performed  in  the  usual  manner  on  a  healthy  dog  of  middle 
size,  weighing  9-250  kilogrammes,  on  the  18th  of  June,  1853.  The  common 
duct  was  first  tied  close  to  the  duodenum,  and  again  half  an  inch  from  the 
gut.  The  portion  between  the  two  ligatures  was  then  excised.  Although 
after  the  operation  the  dog  was  exhausted,  and  vomited  its  food  more  than 
once,  on  the  following  day  he  appeared  to  be  quite  well.  The  bile  flowed 
freely  through  the  canula  until  July  1st,  when  it  ceased.  Another  and 
wider  canula,  with  a  broader  border,  was  then  inserted.  This  also,  sub- 
sequently, was  so  forced  forwards  by  the  contraction  of  the  wound  that  no 
bile  could  flow,  and  the  canula  was  withdrawn.  The  ap^araais  first  in- 
serted was  then  employed,  and  answered  perfectly,  as  the  canula  was  firmly 
fixed  in  its  place  by  the  wound  healing  over  it ;  so  that  not  a  drop  of  bile 
escaped  at  its  edges.  From  the  ]  8th  of  June  until  the  6th  of  July,  the  dog 
was  fed  on  bread,  milk,  flesh,  and  potatoes.  It  lost  375  grammes  in  weight 
during  this  period,  without  any  perceptible  derangement  of  digestion.  The 
faeces  were  pultaceous,  without  any  trace  of  bile-pigment,  had  a  putrid 
odour,  and  contained  a  considerable  quantity  of  fat,  but  no  trace  of  muscular 
fibre.  To  prevent  him  from  licking  the  bile  he  was  muzzled.  FroTi  July 
6th  to  August  2nd  he  was  fed  entirely  on  flesh.     From  the  6th  to  the  9th 

*  Zur  Physiologic  der  Galle,  4to,  Mainz,  1854. 
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of  July  he  ate  daily  500  grammes  of  fat  flesh.  During  this  period  the  faeces 
were  like  clay,  soft,  and  contained  a  quantity  of  fat.  The  weight  of  the 
body  diminished  rapidly,  so  that  on  the  8th  it  was  8*203  kilogrammes,  and 
on  the  9th  7*750  kilogrammes.  He  was  then  lean,  but  lively,  and  had  750 
grammes  of  flesh,  pretty  free  from  fat,  divided  into  three  portions,  which  he 
ate  morning,  midday,  and  evening.  During  the  period  he  lived  on  flesh  his 
hair  fell  out  largely,  and  could  easily  bo  pulled  out  in  tufts  without  causing 
pain.  There  was  also  a  large  development  of  gas  in  the  intestines,  with 
borborygmi  and  liquid  faeces.  About  the  20th  of  July  they  assumed  their 
natural  consistence,  and  were  brown  externally,  though  of  an  ash-colour  in- 
ternally. Each  time  the  fistulous  opening  was  interfered  with  or  irritated, 
the  faeces  became  softer  and  more  liquid,  and  their  odour  more  cadaverous  ; 
while,  when  consistent,  it  was  less  penetratingly  putrid.  From  August  3rd 
to  September  1st,  the  food  consisted  of  old  rye-bread,  of  which  there  was 
consumed,  on  an  average,  daily  470  grammes,  and  was  commenced  because 
the  dog  refused  all  animal  food.  During  this  period  its  weight  increased  to 
8  kilogrammes,  the  emaciation  disappeared,  and  the  felling  off  of  the  hair 
diminished.  Indeed  the  hair  in  a  few  months  grew  abundantly,  so  that  it 
presented  a  black  shining  coat,  as  before  the  operation.  The  appetite  re- 
turned, and  he  ate  greedily.  The  digestion  was  good ;  the  faeces  of  firm 
consistence,  of  a  yellowish-grey  colour,  like  that  of  the  bread,  and  less  offen- 
sive than  when  he  was  fed  on  flesh.  Their  quantity  also  was  increased  as 
three  to  two.  Their  average  daily  weight  was  320  grammes  ;  whereas,  when 
fed  on  flesh,  it  was  210  grammes.  He  also  drank  more.  When  the  diet  was 
bread,  he  drank  daily  the  average  quantity  of  450  cubic  centimetres ;  when 
fed  on  flesh,  only  340  cubic  centimetres. 

The  quantity  of  bile  secreted  on  the  average,  when  fed  upon  750  grammes  of 
flesh  and  upon  470  grammes  of  rye-bread,  is  shown  in  the  following  Table : — 


Daily  food. 

Weight  of 
dog. 

Bile  secreted 
daily. 

Bile  solids 
daily. 

Bile  secreted 
daily  per  kilo. 

Bile  secreted 
hourly  p.  kil. 

75ogrms.fleeh. 

470  grms.  rye- 
bread. 

7*750  kilogs. 
7*812  kilogs. 

90*295  grms. 
63*024  grms. 

2*892  grms.  to 
3*056  grms. 

1*662  grm.  to 
2*634  grms. 

xi '65  grms. 
8*067  grms. 

0*486  grm. 
0*336  grm. 

From  hourly  observations  it  appears  that  the  largest  quantities  of  bile  were 
secreted  during  the  first  hours  after  getting  food ;  drinking  water  also  in- 
creased the  secretion.  The  dog  caught  cold  September  1st,  and  died  Septem- 
ber 3rd,  from  peritonitis.  On  September  4th  the  body  of  the  animal  weighed 
7*512  kilogrammes.  On  dissection,  it  was  found  that  where  the  ductus  com- 
munis choledochus  had  been  cut  out,  a  new  one  three  lines  long  was  formed, 
having  on  one  side  of  it  a  small  collection  of  pus  containing  the  ligatures. 
It  was  therefore  believed  that  in  a  short  time  the  common  duct  would  have 
been  reestablished.  Round  the  plate  of  the  canula  a  newly  formed  mucous 
membrane  was  discovered,  continuous  with  the  gall-bladder. 

The  following  are  the  more  important  conclusions  drawn  by  Arnold  from 
the  whole  inquiry  (p.  19): — 1.  Cutting  off  the  bile  from  the  intestines,  if  a 
sufficiently  increased  quantity  of  food  can  be  digested,  is  not  injurious  to  an 
animal.  For  two  dogs  of  the  same  weight,  one  with  and  the  other  without 
fistula,  the  first  will  require  five-eighths  more  flesh  or  three-fifths  more  bread 
than  the  second.  2.  The  quantity  of  bile  secreted  is  influenced  by  the 
quantity  and  quality  of  the  food.  A  dish  of  bread  gives  rise  to  a  less  secre- 
tion of  bile  than  one  of  flesh.    3.  From  experiments  on  dogs  with  biliary 
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fistula?,  in  consequence  of  the  increased  diet  they  require,  no  conclusion  can 
be  drawn  as  to  the  quantity  of  bile  likely  to  be  secreted  in  healthy  dogs 
in  proportion  to  the  amount  of  food  they  take.  4.  The  quantity  of  bile 
secreted  in  proportion  to  the  weight  of  the  animal  is  estimated  too  highly 
by  Bidder  and  Schmidt,  and  also  by  Nasse;  because  all  animals  with 
biliary  fistula?  require  much  more  than  their  ordinary  food  to  keep  up  their 
usual  weight,  while  the  quantity  of  diet  influences  the  amount  of  bile 
secreted.  5.  Besides  food,  the  drinking  of  water  considerably  increases  the 
secretion  of  bile.  6.  The  nature  of  the  food  does  not  much  influence  the 
solid  constituents  of  bile.  Arnold  admits,  however,  that  in  this  respect 
Nasse's  observations  may  be  more  accurate  than  his  own.  7.  The  secretion 
of  bile,  apart  from  the  influence  that  it  exerts  on  the  absorption  of  fat,  plays 
an  important  part  in  the  process  of  nutrition.  8.  In  Arnold's  dog  the  biliary 
secretion  was  most  copious  during  the  first  hours  after  taking  food.  After 
the  fourth  hour  it  began  to  diminish  until  the  twenty-fourth  hour,  when  it 
was  least,  but  the  diminution  was  not  regular.  His  manner  of  collecting  it, 
however,  like  that  of  Bidder  and  Schmidt,  is  objectionable,  viz.  at  varying 
periods  of  fifteen  minutes,  half  an  hour,  and  an  hour.  Instead,  therefore,  of 
determining  how  much  bile  flowed  in  twenty-four  hours,  this  was  made  to 
appear  by  multiplying  so  many  times  the  half-hour  or  hour  collections. 

Kolliker  and  Miller*  made  some  experiments  on  the  bile  during  the  years 
1853  and  1854,  of  which  they  published  an  account  in  the  Wurzburg  Ab- 
handlungen  for  1855.  They  succeeded  in  establishing  biliary  fistuloe  in 
three  dogs.     For  one  kilogramme  of  dog,  they  found  in  twenty-four  hours — 


Hours  after  food. 

Fresh  bile. 

Dry  residue. 

No.  of  observations. 

Ito    2 

3to   5 

6to    8 

16  to  22 

1-450 
1-407 
1-514 
1-320 

0051 
0-047 
0O48 
0-051 

8 
5 

8 

7 

Another  dog  gave  the  largest  quantity  four  to  ^ve  hours  after  feeding, 
and  least  after  nineteen  to  twenty-one  hours.  A  third  dog  gave  the 
maximum  five  to  six  hours  after  a  meal,  and  not  much  less  after  sixteen  or 
seventeen  hours.  They  found,  as  other  observers  had  done,  that  the  quantity 
of  food  consumed  has  a  decided  influence  on  the  quantity  of  the  biliary 
secretion.  When,  for  example,  a  dog  ate  18£  ounces  of  flesh  in  twenty-four 
hours,  the  bile  collected  amounted  from  5*3  to  6*6  grammes  in  an  hour,  but 
when  it  ate  33 \  ounces  of  flesh,  it  was  increased  from  7*5  to  7*8  grammes. 
It  is  important  to  observe  that  the  calculations  of  Kolliker  and  M tiller,  like 
those  of  Bidder  and  Schmidt,  were  derived  from  collections  of  bile  made 
during  a  quarter  of  an  hour,  half  an  hour,  and  occasionally  one  hour,  and 
the  amount  per  day  was  estimated  from  the  averages  of  these.  In  no  case 
was  it  collected  continuously  for  twenty-four  hours. 

Scott  t. — Dr.  Scott  appears  to  have  been  the  first  who  collected  all  the  bile 
secreted  by  a  dog  during  twenty-four  consecutive  hours.  We  must  refer  to  his 
paper  for  a  description  of  the  method  he  adopted  for  collecting  it,  and  for  the 
account  he  gives  of  his  interesting  and  carefully  conducted  experiments  and 
analyses.  He  avoided  the  error  liable  to  occur  in  calculating  the  amount  of 
bile  secreted  in  twenty-four  hours  from  quantities  obtained  during  a  part  only 
of  that  period.  He  estimated  the  amount  of  fresh  bile  given  off  in  twenty- 
four  hours  at  about  23*15  grammes ;  of  dried  residue  at  1*13  per  kilogramme. 

*  Wurzburg  Abhandlungen  fur  1855,  Band  V.  t  Beale's  « Archives/  vol  i. 

1868.  p 


Digitized  by 


Google 


194 


EEPOET 1868. 


Dalton*. — Dr.  Dalton  of  New  York  attempted  to  ascertain  the  amount  of 
bile  which  passed  into  the  duodenum  from  the  choledio  duct  by  means  of  a 
duodenal  fistula.  But  as  in  this  manner  it  is  obviously  impossible  to  deter- 
mine the  amount  of  the  entire  quantity  given  off  by  the  liver,  no  account  of 
his  researches  need  be  given. 

Flint  f. — The  last  experimenter  we  need  cite  is  Dr.  Flint  of  New  York. 
As  his  object,  however,  was  rather  to  ascertain  the  amount  of  cholesterine 
secreted  by  the  liver,  than  to  determine  the  quantity  of  biliary  secretion,  he 
does  not  give  us  much  information  on  this  point.  In  one  dog  the  bile  was 
collected  for  thirty  minutes  at  a  time  during  various  periods  of  the  day,  and 
was  found  to  be  secreted  at  its  maximum  four  hours,  and  at  its  minimum 
twenty  hours,  after  feeding.  The  dog  weighed  10  pounds ;  and  there  were 
collected,  in  the  twenty-four  hours,  243*233  grains — an  amount  which  gives 
an  index  of  the  quantity  secreted  during  that  period.  He  further  says  that, 
disregarding  slight  variations,  which  might  be  accidental,  it  may  be  stated  in 
general  terms  that  the  maximum  flow  of  bile  from  the  liver  is  from  the 
second  to  the  eighth  hour  after  feeding,  during  which  period  of  time  it  is 
about  stationary. 

We  here  subjoin  a  Table  containing  the  results  of  the  experiments  of 
different  physiologists  who  have  investigated  the  subject  of  the  biliary  secre- 
tion. With  the  exception  of  the  results  of  those  of  Dr.  Flint  and  Dr.  Scott, 
the  Table,  of  which  the  arrangement  is  slightly  changed,  is  taken  from 
Canstatt's  Jahreebericht  for  the  year  1863,  No.  1.  p.  141.  The  weight  is 
given  in  grammes. 


Amount  of  bile  se- 

Quantity of  bile 

creted  in 

24  hours 

secreted  in  24  hours 

per  kilogramme 

Food  taken  in  24  hours 

for  100  grammes 

Names  of  observers. 

weight 

of  dog. 

per  kilogramme  weight 

of  food. 

of  dog. 

Fresh 

Dry 
residue. 

Fresh 

Dry 

bile. 

bile. 

residue. 

Nasse,1851   

19*2 

0-685 

155  flesh 

12-3 

0440 

22-8 

0700 

208    „ 

111 

0-337 

231 

0784 

260    „ 

8-9 

0-300 

240 

0-765 

At  will 

... 

28-4  . 

0-760 

»» 

... 

177 

0-446 

100  flesh  and  100  br. 

... 

... 

179 

0400 

130    „           100  „ 

122 

0-500 

87  bread 

1*3-9 

0-575 

Bidder  and  Schmidt, 

15-9 

0840 

32-4  flesh,  1-7  fat 

49-3 

2-608 

1852. 

16-7 

0-696    ;178    „      7-8  milk 

83-5 

3-48 

24-5 

1176    |79-5    „      8-3  bread 

25-7 

1-23 

28-7 

1-268    166-4    „      8-5    „ 

351 

1-54 

Arnold,  1854-57    ... 

116 

0-373 

96  flesh 

120 

0-385 

81 

0-215 

60  bread 

13-4 

0-357 

Kolliker  and  Mtiller, 

32-7 

1034 

... 

1853. 

32-6 

1-290 

98  flesh 

201 

1013    92    „ 

28-56 

1-694 

21-5 

0-748    194    „ 

22-85 

0-792 

361 

1162    64    „ 

50-50 

1-816 

536 

1-683    94    „ 

56-7 

1-79 

321 

37*9  bread,   90  cubic 
1     centimetres  of  milk 

... 

Scott,  1858 

2311 
11-U8 

1128    158-7  flesh,  103  milk 
0-440 

35-0 

1*6 

... 

Flint,  1802 

*  Physiology,  p.  190,  3rd  edit. 

t  American  Journal  of  Medical  Sciences,  vol.  xliv.  p.  366. 
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2.  Previous  Researches  to  determine  the  Influence  exercised  by  Mercury  on 
the  Biliary  Secretion. 

Nasse*. — Professor  H.  Nasse  was  the  first  who  attempted  to  ascertain,  by 
experiment  on  the  dog  with  biliary  fistula,  the  influence  of  mercury  on  the 
secretion  of  bile.  It  is  stated  in  Canstatt  that  the  result  of  his  experiments 
was  that  calomel  increased  the  absolute  quantity  of  the  bile,  but  diminished 
its  solid  constituents. 

Solltkeb  and  MtfLLER  administered  to  one  of  their  dogs,  which  had  biliary 
fistula,  4  grains  of  calomel  at  ten  o'clock  on  the  morning  of  the  28th.  Five 
half-hour  observations  made  after  midday  gave  an  average  of  3*823  grammes 
of  bile  excreted,  an  amount  a  little  above  that  of  previous  averages.  On  the 
following  day,  however,  four  half-hour  observations  gave  on  an  average 
3-267  grammes, — that  is,  rather  less  than  the  usual  average. 

On  the  21st  and  29th  days  the  dog  took  again  4  grains  of  calomel,  but  the 
biliary  secretion,  instead  of  increasing,  diminished.  Seven  observations  of 
half  an  hour  each,  from  the  28th  to  the  31st  day,  gave  an  average  of  only 
2*183  grammes,  and  the  bile  at  the  same  time  was  of  a  brownish  colour,  and 
so  thick  that  at  last  it  scarcely  dropped  from  the  canula.  This  circumstance 
was  undoubtedly  owing  to  the  dog's  health,  which  was  bad.  It  had  lost 
Weight,  had  diarrhoea,  greyish-coloured  and  even  later  bloody  stools.  For 
several  days  at  this  period  the  animal  took  only  a  little  bread  and  milk. 

Dr.  Mosler  t,  in  his  investigations,  proposed  to  himself  the  question, 
"  "What  substances  introduced  into  the  blood  appear  in  the  bile  ?  "  In  some 
of  the  experiments  a  solution  of  the  substance  to  be  tried  was  injected  into 
the  blood,  in  others  the  medicine  was  given  by  the  mouth,  and  the  bile 
afterwards  tested,  to  ascertain  if  it  contained  any  trace  of  the  substance  ad- 
ministered. "With  regard  to  mercury,  he  tells  us  that  on  the  23rd  of  May, 
at  seven  o'clock  a.m.,  5  grains  of  calomel  in  a  little  bread  and  milk  were 
given  to  a  dog,  who  had  a  completely  healed  biliary  fistula.  All  the  bile 
secreted  till  three  o'clock  p.m.  was  collected  by  means  of  a  sponge  and  tested 
for  mercury,  but  not  the  slightest  trace  of  it  could  be  discovered.  At  four 
o'clock  p.m.  10  grains  of  calomel  were  administered  to  the  same  animal,  and  for 
greater  accuracy  a  small  tube  with  a  caoutchouc  bag  attached  was  introduced 
into  the  fistula,  and  kept  there  till  next  morning.  No  trace  of  mercury  was 
found  in  the  collected  bile,  and  no  striking  increase  of  the  biliary  secretion 
was  remarked.  After  this  experiment  the  animal  was  dull,  ate  less  than 
usual,  and  had  thin  very  offensive  stools.  To  make  a  trial  of  the  drug  in 
smaller  doses,  Dr.  Mosler  gave  the  same  animal  one  grain  of  calomel  every 
hour  from  the  25th  to  the  26th  of  May,  so  that  altogether  25  grains  of 
calomel  were  given ;  no  trace  of  mercury  could  be  found  in  the  collected 
bile.  To  another  powerful  dog  with  biliary  fistula  he  gave,  on  the  19th  of 
August,  at  nine  o'clock,  three  pills,  each  containing  3  grains  of  calomel. 
Next  morning  at  six  o'clock  a.m.,  three  similar  pills  were  given,  and  at  nine 
o'clock  two  more— so  that  the  dog  had  30  grains  of  calomel  in  eighteen  hours. 
The  bile  discharged  from  the  fistula  was  carefully  collected  by  a  sponge, 
from  three  o'clock  on  August  11th  till  the  same  hour  on  August  12th. 
Compared  with  the  quantity  collected  during  twenty -four  hours  on  the  day 
previous  to  that  of  the  experiment,  there  was  no  striking  increase  of  bile, 
nor  did  it  contain  any  trace  of  mercury.  He  repeated  this  experiment  with 
24  grains  of  calomel  with  the  same  negative  result.     Dr.  Mosler  concludes 

*  Cantsatt's  Jahresbericht,  1852,  Heft.  i.  p.  156. 
t  Virchow,8  •  Archiv/  Band  xiii.  S.  29  (185S). 
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from  theso  experiments  that,  when  mercury  is  administered  in  the  form  of 
calomel,  either  in  small  or  large  dosc3,  it  does  not  pass  so  rapidly  into  tho 
bile,  nor  produce  the  marked  increase  of  the  biliary  secretion  that  medical 
men  imagine.  It  is  much  to  be  regretted  that  Dr.  Mosler  did  not  measure 
the  bile  passed  during  these  experiments,  which  would  have  given  far  more 
value  and  precision  to  his  observations. 

Scott. — The  only  other  experiments  made  to  determine  the  influence  of 
mercurial  preparations  or,  rather,  of  calomel  on  the  biliary  secretion  with 
which  we  are  acquainted  are  those  of  Dr.  Scott,  who  deserves  great  credit 
for  the  careful  and  scientific  manner  in  which  he  has  carried  them  out. 
We  shall  have  occasion,  however,  to  indicate  some  circumstances  which 
seem  clearly  to  show  that  they  must  be  regarded  rather  as  valuable  contri- 
butions to  aid  us  in  determining  the  influence  of  calomel  on  the  biliary 
secretion  than  as  data  which,  of  themselves,  warrant  any  definite  conclusion ; 
indeed  Dr.  Scott  himself  has  fully  admitted  the  truth  of  this  remark.  Dr. 
Scott  made  four  trials  with  calomel,  in  which  he  estimated  the  amount  of 
increase  of  the  biliary  secretion  by  taking  the  average  of  two  days  previous 
and  of  two  days  subsequent  to  its  administration. 

In  the  first  trial  3  grains  of  calomel  were  given  to  the  dog  at  three  o'clock 
p.m.  on  the  13th  of  June*.  The  daily  average  amount  of  bile  secreted  on 
the  11th  and  13th  of  June  was  1960  grains,  and  that  of  bile  secreted  on 
the  14th  and  15th,  1358  grains,  showing  an  average  diminution  of  602 
grains  for  each  of  the  two  days  subsequent  to  the  administration  of  the 
calomel. 

In  the  second  trial  6  grains  of  calomel  were  administered  at  eleven  o'clock 
a.m.  on  the  16th  of  Junef.  The  amount  of  bile  secreted  during  twenty-four 
hours,  and  collected  on  the  morning  of  the  16th,  was  1639  grains,  and  of 
that  secreted  during  the  subsequent  twenty-four  hours,  and  collected  on  the 
17th  of  June,  was  518  grains,  indicating  a  diminution  of  1121  grains  in  the 
biliary  secretion  during  twenty-four  hours  after  the  administration  of  the 
calomel. 

In  the  third  trial  12  grains  of  calomel  were  given  at  4.30  p.m.  on  the 
3rd  of  July,  the  average  daily  secretion  of  bile  for  two  previous  days  (2nd 
and  3rd  of  July)  amounting  to  3044  grains,  and  that  for  the  two  subsequent 
days  (4th  and  5th  of  July)  to  2720  grains,  showing  a  diminution  of  324 
grains  on  the  average  daily  quantity  of  bile  secreted  after  the  administration 
of  the  calomel. 

In  the  last  trial  12  grains  of  calomel  were  given  at  5.45  p.m.  on  July  7th ; 
the  daily  average  amount  of  biliary  secretion  on  the  two  preceding  days  (tho 
6th  and  7th)  being  2658  grains,  and  on  the  8th  and  9th  July  being  1724 
grains,  showing  a  diminution  of  934  grains  in  the  daily  average  quantity  of 
bile  secreted  after  the  administration  of  the  calomel. 

We  subjoin  a  Table  of  the  daily  amount  of  fresh  bile  collected  for  several 
days,  in  order  that  our  subsequent  remarks  may  be  intelligible  to  the  reader. 
The  "  t "  before  the  dates  indicates  the  days  on  which  calomel  was  ad- 
ministered. 

*  Tho  bile  secreted  during  twenty-four  hours  was  always  collected  on  the  morning  of 
the  day  indicated.  The  amount  obtained  on  June  12th  was  not  used  in  calculating  an 
averagei  as  a  considerable  quantity  was  lost  in  collecting  it. 

t  The  amount  of  bile  collected  on  the  15th  was  not  used  in  making  an  average,  pro- 
bably because  Dr.  Scott  supposed  the  secretion  of  the  prcrious  twenty-four  hours  was  still 
under  the  influence  of  the  calomel. 
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Amount  of  Bile  secreted  in  Twenty.four  Hours,  in  Grains. 

If 


June  11  162800 

„  12  1767-700 

t„  13  2293-527 

„  14  1819-636 

„  15  896-680 

t„  16  1639-968 

„  17  518-701 

„  18  1810-450 

„  19  817-717 


July  1   2168-051 

,.    2  2941-239 

f„    3  3148-400 

„    4  2560-300 

„    5  2881-500 

„    6  2644-300 

t„    7  2673-900 

„    8  1963-500 


Dr.  Scott  concluded  that  all  the  trials  gave  but  one  result,  viz.  "  a  dimi- 
nution in  the  amount  of  bile  and  bile  solids  secreted  after  the  administration 
of  large  doses  of  calomel."  "We  arc  of  opinion,  however,  that  the  diminution 
is  not  nearly  so  groat  as  he  has  made  it  appear  ;  thus,  for  example,  if  in  the 
first  trial  we  set  aside  the  results  of  June  12th  (as  Dr.  Scott  has  done),  and 
only  take  the  amount  of  bile  secreted  during  the  twenty-four  hours  previous 
and  subsequent  to  the  administration  of  calomel  (as  Dr.  Scott  has  done  in 
the  second  trial),  the  amount  of  decrease  will  be  considerably  less  than  he 
has  calculated  it  to  be. 

Again,  if  we  take  the  average  amount  of  bile  collected  during  two  days 
previous  and  two  days  subsequent  to  the  administration  of  the  second  dose 
of  calomel,  the  result  will  be  very  different  from  what  Dr.  Scott's  calcula- 
tions make  it.  Instead  of  a  diminution  of  1121  grains,  it  will  amount  only 
to  104  grains ;  and  we  must  not  overlook  the  fact  that  on  the  day  when  the 
calomel  was  administered  the  dog  did  not  got  any  food. 

Dr.  Scott  does  not  mention  at  what  hour  of  the  morning  the  bile  was 
collected.  If  we  suppose  it  was  collected  at  10  o'clock  a.h.,  twenty-three 
hours  would  thus  be  left  for  the  action  of  the  calomel,  which  was  ad- 
ministered at  11  o'clock  a.m.  on  the  preceding  day.  It  might  be  said  that 
the  action  of  the  calomel  would  not  be  exhausted  in  that  time,  and  that  we 
ought  not,  therefore,  to  admit  the  collection  of  bile  of  the  15th  into  tho  cal- 
culation for  obtaining  a  daily  average  amount  on  the  two  days  previous  to  tho 
administration  of  the  calomel.  On  June  18th,  however,  the  second  day  after 
the  second  administration  of  calomel,  the  amount  of  biliary  secretion  increased 
from  518  grains  on  the  17th  to  1810  grains  on  the  18th,  171  grains  more 
than  the  quantity  secreted  on  the  16th,  a  day  on  which  calomel  could  not 
have  had  any  influence  on  the  amount.  Consequently  wo  must  conclude 
that  the  influence  of  the  calomel  did  not  extend,  in  this  case,  to  the  second 
day  after  its  administration ;  or,  if  it  did,  it  was  not  to  diminish,  but  to  in- 
crease very  largely  the  secretion.  Up  to  the  present  timo  wo  know  little  or 
nothing  of  the  duration  of  the  action  of  a  dose  of  calomel  on  the  biliary  secre- 
tion ;  so  that  we  have  no  reason  to  assign  a  period  of  two  days,  rather  than 
of  one  or  of  three,  as  the  duration  of  its  action.  It  would  be  to  ascribe  in 
the  one  case  an  increase  and  in  the  other  a  diminution  to  the  same  cause ; 
that  is,  the  action  of  the  mercury  on  the  second  day  after  its  administration. 
In  short,  the  number  of  Dr.  Scott's  observations  are  far  too  few,  and  not 
sufficiently  long  continued,  to  allow  us  to  draw  any  definite  conclusions 
from  them. 

It  must,  I  think,  bo  evident,  from  this  notice  of  all  that  has  been  previously 
accomplished,  that  no  exact  information  has  yet  been  obtained  as  to  tho  in- 
fluence of  mercury  on  the  secretion  of  bile,  or  as  to  any  other  action  it  may 
exercise  on  the  liver. 
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Description  op  the  Mode  op  operating  for  BnJAEr  Fistulas  and  op 

COLLECTING  THE  BlLE  PRACTISED  BY  THE  COMMITTEE. 

All  the  operations  were  performed  by  Dr.  W.  Rutherford,  who  ultimately 
succeeded  in  overcoming  the  great  difficulties  which  presented  themselves. 
The  propriety  of  collecting  the  bile  for  a  period  of  at  least  twenty-four  hours 
at  a  time  was  considered  incumbent  to  avoid  error,  a  proceeding  which  caused 
great  trouble  and  constant  failures ;  it  was  considered  necessary,  however, 
in  order  to  avoid  the  obvious  fallacies  into  which  all  previous  experimentors, 
with  the  exception  of  Dr.  Scott,  had  fallen.  In  now  giving  a  detailed  de- 
scription of  the  method  followed,  the  Committee  are  of  opinion  that  they 
will  save  future  experimenters  much  of  that  trouble  and  mortification  which, 
from  want  of  experience,  they  themselves  encountered.  It  will  be  regarded 
as  more  valuable  in  consequence  of  the  modifications  which  have  been  intro- 
duced having  led  to  a  far  greater  amount  of  success  than  has  attended  the 
efforts  of  other  physiologists. 

1.  Operation  for  establishing  Biliary  Fistulas. 

1.  Place  the  animal  under  the  influence  of  chloroform,  taking  care  to 
administer  it  slowly  with  an  abundant  admixture  of  air. 

2.  Open  the  peritoneal  cavity  by  an  incision  extending  from  the  xiphoid 
cartilage  to  the  umbilicus.  Before  opening  the  peritoneum,  all  bleeding 
should  be  stopped. 

3.  Make  an  incision  through  a  non- vascular  part  of  the  omentum,  to  the 
same  extent  as  the  external  wound. 

4.  Find  the  gall-bladder  and  seize  tho  most  prominent  part  of  its  fundus 
with  artery  forceps.  See  if  the  fundus  can  bo  brought  to  the  linea  alba 
without  subjecting  it  to  any  tension.  If  it  can,  proceed  witji  tho  operation. 
If  it  cannot,  judging  from  the  experience  of  the  Committee,  it  is  bettor  to 
abandon  the'  operation  altogether,  as  tho  dragging  of  the  gall-bladder  will 
almost  certainly  give  rise  to  peritonitis,  or  such  irritation  as  will  prevent  ad- 
hesion of  the  fundus  to  the  cut  edges  of  the  linea  alba. 

5.  Find  the  common  bile-duct ;  draw  the  duodenum  gently  downwards  and 
towards  the  left  side  of  the  animal,  and  the  liver  upwards  and  to  the  right,  so 
as  to  stretch  the  duct. 

6.  "With  a  blunt-pointed  bistoury  make  an  incision  about  one-eighth  of  an 
inch  in  length  along  the  duct  about  its  middle ;  gently  isolate  it  with  the  point 
of  an  aneurism  needle,  pass  the  aneurism  needle  with  a  double  strong  silk 
ligature  round  the  duct,  and  tie  it  in  two  places,  at  a  sufficient  distance  from 
each  other  to  allow  of  the  duct  being  simply  divided  between  them.  After 
division  of  the  duct  cut  the  ligatures  close. 

7.  Observe  at  what  part  of  the  linea  alba  the  fundus  can  be  most  easily 
retained.  Pass  a  curved  needle  with  a  silk  ligature  through  the  skin,  linea 
alba,  and  gall-bladder  on  either  side  of  the  fundus,  so  as  to  stitch  the  gall- 
bladder to  the  linea  alba,  and  retain  it  there. 

8.  Make  a  slit  by  means  of  a  sharp-pointed  bistoury  in  the  most  prominent 
part  of  the  fundus,  and  allow  the  bile  to  flow  out,  taking  care  to  hold  a  sponge 
at  the  side  of  the  opening  to  prevent,  as  much  as  possible,  the  entrance  of  bile 
into  the  peritoneal  cavity.  With  the  same  view,  the  animal  should  be  turned 
on  its  side  before  tho  opening  is  made  in  the  gall-bladder.  This  opening 
should  be  just  large  enough  to  admit  easily  a  piece  of  india-rubber  tubing  about 
two  lines  in  diameter. 
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9.  Introduce  a  portion  of  india-rubber  tubing  of  the  above  calibre  into  the 
aperture  in  the  gall-bladder,  put  a  silk  suture  through  it,  and  fasten  it  to  the 
ligatures  holding  the  fundus  to  the  linea  alba,  in  order  that  the  tube  may  be 
kept  from  coming  out. 

10.  Close  the  wound  in  the  abdomen  by  interrupted  sutures,  placed  deeply 
in  the  linea  alba,  and  then  connect  the  edges  of  the  skin  in  the  same  way. 
The  skin  should  not  be  closed  completely  around  the  tube,  but  should  be  left 
open  for  an  inch  or  so,  in  order  that  blood  may  be  prevented  from  accumulating. 

11.  The  projecting  extremity  of  the  tube  should  be  cut  within  a  quarter  of 
an  inch  from  the  abdominal  wall,  in  order  that  when  the  dog  lies  on  its  face 
there  may  be  less  danger  of  closing  the  tube  by  its  being  bent  upon  itself. 

12.  The  tube  should  be  removed  at  the  end  of  forty-eight  hours  or  so,  for 
then  adhesions  will  in  most  oases  have  taken  place  between  the  gall-bladder 
and  linea  alba,  which  the  continued  pressure  of  the  tube  would  only  tend  to 
break  up.  The  dogs  operated  upon  by  the  Committee  were  never  kept 
muzzled  after  the  operation,  and  no  dog  ever  interfered  with  the  elastic  tube. 

13.  The  operation  should  always  be  performed  when  the  stomach  is  empty, 
for  if  distended  it  is  a  most  serious  impediment  to  the  operator.  Very  soft 
sponges,  perfectly  freed  from  all  sandy  particles,  should  be  used,  and  the 
greatest  care  should  be  taken  to  prevent  hairs  from  getting  inside  the  peri- 
toneum. 

14.  In  male  dogs  the  urine  is  apt  to  be  discharged  into  the  wound  during 
the  operation,  and  against  this  the  operator  must  carefully  be  on  his  guard. 

15.  Great  care  should  be  taken  to  prevent  bleeding  into  the  peritoneal 
cavity.  Any  accumulation  of  blood  inside  the  abdomen  gives  rise  almost 
certainly  to  peritonitis.  In  all  cases  a  little  bile  escaped  into  the  peritoneum, 
but  it  seemed  to  produce  no  injurious  effect. 

16.  The  ligatures  around  the  common  bile-duct  usually  become  encysted. 
The  wound  almost  always  heals  by  first  intention ;  this  union  is  very  rarely 
permanent  in  the  cutaneous  wound,  howover ;  commonly  pus  is  formed  be- 
tween the  skin  and  the  wound  in  the  linea  alba.  When  such  is  the  case, 
sutures  must  be  removed  from  the  cutaneous  wound  to  give  free  exit  to  the 
purulent  matter.  No  lotions  or  other  dressings  are  necessary  for  the  wound. 
The  bile  as  it  flows  over  it  forms  an  excellent  dressing,  under  which  healthy 
granulation  proceeds,  in  most  cases  with  rapidity. 

17.  For  two  days  after  the  operation  the  animal  should  be  fed  on  milk, 
given  in  small  quantities  at  a  time,  so  that  the  abdomen  may  not  be  distended. 

The  above  mode  of  performing  the  operation  differs  from  those  described 
by  other  operators  in  two  particulars : — 1.  The  mode  of  fixing  the  fundus  of 
the  gall-bladder  to  the  abdominal  wall.  Bernard  recommends  a  clamp  to  fix 
the  fundus  to  the  edges  of  the  wound,  and  act  as  a  canula  also.  2.  In  the 
non-removal  of  any  portion  of  the  common  bile-duct.  Other  operators  re- 
commend that  two  ligatures  be  applied  to  the  common  duct,  one  closo  to  the 
duodenum,  the  other  close  to  the  junction  of  the  cystic  with  the  hepatic  duct, 
and  that  the  intervening  portion  should  be  excised.  The  object  is  to  prevent 
as  much  as  possible  the  reestablishment  of  tho  duct,  a  contingency  which 
appears  to  have  been  very  liable  to  occur  in  the  experience  of  other  observers. 
The  shock  produced  by  cleaning  and  removing  tho  whole  duct  is  very  great, 
owing  to  the  extensive  injury  of  the  sympathetic  nerves ;  and  the  danger  from 
haemorrhage  is  most  serious. 

Since  the  removal  of  any  portion  of  the  common  bile-duct  has  been  aban- 
doned, the  success  attending  the  operations  of  the  Committee  has  been  un* 
precedented.     In  only  two  out  of  the  thirty-three  dogs  operated  on  has  the 
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common  bilo-duct  become  reestablished ;  in  one  of  these  nearly  the  whole  duct 
had  been  excised,  in  the  other  the  duct  had  simply  been  divided  between  the 
two  ligatures. 

The  experience  of  the  Committee  has  shown  that  young  dogs  are  not  suitable 
for  the  operation,  only  full-grown  strong  good-tempered  dogs  of  any  breed 
should  be  selected.  Had  the  Committee  been  aware  of  this  precaution,  their 
success  as  regards  the  number  of  useful  fistulas  might  have  been  greater  even 
than  it  has  been. 

2.  Method  of  collecting  the  Bile. 

The  collection  of  the  bile  may  be  begun  usually  within  a  fortnight  after 
the  operation,  as  soon  indeed  as  the  fistula  can  bear  the  daily  pressure  of  a 
silver  canula.  Before  its  insertion  into  the  fistula,  it  is  well  to  wait  until 
the  whole  of  the  wound  except  the  fistulous  opening  is  completely  healed. 
During  the  healing  process,  the  fistula  must  be  kept  patent  by  the  daily 
passage  of  a  glass  rod,  which  serves  admirably  the  purpose  of  a  bougie ;  for 
notwithstanding  the  flow  of  the  bile,  the  canal  has  a  great  tendency  to  close. 

The  great  difficulty  which  the  Committee  have  had  to  overcome,  has  been 
the  daily  collection  of  bile  for  a  peried  of  twenty-four  hours.  The  following 
apparatus,  devised  by  Drs.  Rutherford  and  Gamgee,  has  been  found  to  accom- 
plish the  end  perfectly. 

The  canula  used  was  that  of  Scott  (Beale's  Archives,  vol.  i.  p.  210),  with 
the  cup  removed,  and  the  holes  in  the  tube  filled  up.  The  Committee  found 
that  in  the  very  first  case  in  which  they  used  Scott's  canula,  the  cup  failed 
to  fit  the  skin  accurately,  and  soon  produced  ulceration  by  its  pressure. 
They  have  found  that  there  is  no  need  for  providing  for  an  escape  of  bile 
along  the  side  of  the  canula,  provided  *  perfectly  free  exit  be  allowed  through 
it.  The  canula  was  retained  in  the  fistula  by  elastic  bands  attached  to  it, 
and  passed  round  the  body  of  the  dog.  These  bands  were  fastened  to  each 
other  by  hooks  and  eyes,  which  permit  of  their  easy  removal  and  adjustment. 
Scott  collected  the  bile  in  a  bottle.  It  appeared  to  the  Committee  that  an 
elastic  bag  tied  on  the  free  end  of  the  canula  would  be  less  apt  to  be  damaged 
by  the  movements  of  the  animal.  They  found,  however,  that  a  much  more 
satisfactory  method  is  to  collect  the  bile  flowing  from  the  canula  by  means  of 
a  large  sponge.  In  this  way  no  resistance  is  offered  to  the  flow  of  bile  through 
the  canula — such  as  is  apt  to  occur  when  the  bag  is  used,  by  its  folding  over 
the  free  end  of  the  tube.  This  acted  as  a  valve,  which  resisted  the  feeble 
pressure  with  which  the  bile  flowed  through  the  fistula. 

The  sponge  was  placed  in  a  tin  box,  fixed  round  an  oval  opening  on  the 
abdominal  aspect  of  a  thick  gutta-percha  shield,  which  extended  from  the 
fore  legs  to  a  little  behind  the  umbilicus.  The  shield  was  made  to  fit  accu- 
rately the  body,  so  that  it  might  have  no  tendency  to  turn  round  when  the 
animal  lay  down.  It  embraced  three-fourths  of  the  circumference  of  the  body, 
and  the  one  side  of  it  was  connected  with  the  other  over  the  animal's  back  by 
means  of  leather  straps  with  buckles.  Between  the  back  and  these,  a  soft 
leather  saddle  was  placed  to  prevent  ulceration  by  their  pressure.  "With  the 
same  view  a  flat  bag  filled  with  air  was  placed  between  the  shield  and  the 
sternum,  and  a  piece  of  thick-walled  india-rubber  tubing  an  inch  or  so  in 
diameter,  was  placed  between  the  skin  and  the  posterior  part  of  the  shield. 
To  this  the  bag  and  tube  were  both  immoveably  fixed. 

The  shield  tends  to  slip  backwards,  owing  to  the  pyramidal  shape  of  the 
body  of  the  animal.  To  prevent  this,  a  leather  collar  must  be  placed  loosely 
round  the  neck,  and  the  anterior  edge  of  the  shield  fixed  to  it  by  thick  twine 
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or  leather  straps  with  buckles.  If  the  dog  be  a  male,  means  must  be  taken 
to  prevent  the  urine  from  reaching  the  sponge.  This  is  effectually  done  by  a 
sheet  of  thin  india-rubber,  laced  round  the  posterior  part  of  the  shield  and 
body  in  front  of  the  penis,  so  as  fairly  to  prevent  the  access  of  a  single  drop 
of  urine.  The  whole  apparatus  was  removed,  washed  and  reapplied  once 
in  the  twenty-four  hours.  The  sponge  was  then  weighed  and  placed  in  the 
shield  dry.  At  the  end  of  the  period  it  was  removed  and  weighed  again,  to 
ascertain  the  amount  of  bile.  Two  sponges  are  necessary  for  observations  on 
a  single  dog,  each  sponge  used  on  alternate  days.  They  must  be  cleaned, 
after  the  collection  of  bile,  with  great  care.  It  was  found  best  to  wash  them 
in  dilute  hydrochloric  acid,  in  order  that  they  might  be  thoroughlydisinfected, 
for  putrid  matter  soon  produces  decomposition  of  the  bile. 

The  shield  should  be  firmly  secured  on  the  animal  to  prevent  its  being 
moved.  The  Committee  have  in  only  one  instance  found  it  necessary  to  muzzle 
a  dog  while  it  wore  the  apparatus. 

The  dogs  were  kept  in  large  cages,  the  lower  half  of „  the  sides  and  entire 
floor  o*f  which  consisted  of  sheet  zinc.  The  floor  sloped  to  a  central  hole, 
through  which  the  urine  was  collected.  The  dogs  were  mostly  taken  out  to 
the  open  air  for  a  few  hours  daily. 

Observations  to  determine  how  far  Dogs  are  subject  to  the  action  of 

Mercury. 

The  Committee  had  not  proceeded  far  with  their  experiments,  before  it 
became  evident  that  a  preliminary  investigation  was  necessary,  in  order  to 
determine  how  far  dogs  are  capable  of  being  influenced  by  mercurials.  Al- 
though in  veterinary  and  other  works  it  is  admitted  that  this  animal  may 
be  salivated,  although  Overbeck  states  that  by  means  of  frictions  with  mer- 
curial ointment  he  succeeded  in  producing  marked  salivation  with  spongy  gums 
in  three  dogs  out  of  five  *,  and  Murray  in  his  experiments  with  large  doses  of 
calomel  also  produced  salivation  in  one  dog  t,  the  Committee  were  of  opinion 
that  further  careful  observations  should  be  made  on  this  point. 

Accordingly  great  pains  were  taken  by  Dr.  Gamgee  to  produce  salivation  in 
two  dogs,  by  means  of  inunction  of  mercurial  ointment,  during  the  winter  and 
spring  of  1867.  The  hair  of  the  animal  was  shaved  from  the  back,  and  daily 
frictions  made  with  the  hand  on  the  naked  skin  with  strong  mercurial  ointment. 
In  one  dog  a  drachm  of  the  ointment  was  rubbed  in  daily  for  twentyreight 
days,  and  in  another  for  eight  days.  No  marked  symptoms  were  produced, 
nor  was  their  health  impaired.  In  the  first  of  these  dogs  a  most  elaborate 
series  of  observations  on  the  urine  was  made  to  determine  whether  that  secre- 
tion was  in  any  way  influenced.  These  consisted  of  careful  analyses  before 
and  after  the  inunction,  but  with  a  negative  result. 

The  frictions  occasioned  so  much  trouble  and  loss  of  time,  and  appeared  to 
be  attended  with  such  little  result,  that  it  was  resolved  to  adopt  the  more 
commodious  method  of  subcutaneous  injection  of  a  solution  of  corrosive  sub- 
limate. This  investigation  was  undertaken  by  Dr.  W.  Rutherford,  who  car- 
ried it  to  a  successful  termination,  as  seen  in  Table  I. 

It  will  be  seen  from  Table  I.  that  of  the  six  dogs  experimented  on,  three 
had,  and  three  had  not  biliary  fistulee  established.  This  selection  was  made 
with  a  view  to  ascertain  whether  or  not  the  existence  of  a  biliary  fistula 
affected  the  action  of  the  mercurial.     Of  the  six  dogs,  five  were  salivated  by 

*  Mercur  und  Syphilis  (Berlin,  1861),  pp.  110-114. 
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the  drug ;  of  these,  three  (Dogs  A,  B,  and  C)  were  small  dogs  without  fistulae, 
while  two  (Dogs  E  and  F)  were  large  strong  dogs  with  fistulae. 

In  dogs  A  and  B  the  action  of  the  drug  upon  the  salivary  glands  was 
inferred  from  the  occurrence  of  unusual  wetness  of  the  mouth  merely ;  while 
in  dogs  C,  E,  and  F  a  stream  of  saliva  was  observed  flowing  from  the  mouth. 

In  the  three  dogs  without  fistulae — aged  5  (Dog  B),  12  (Dog  A),  and  15 
{Dog  C)  months  respectively, — all  of  them  small  animals,  decided  salivation 
followed  the  administration  of  4|  grains  of  corrosive  sublimate,  extending 
over  a  period  of  eight  days,  to  the  dog  aged  5  months ;  of  12  jr  grains,  extending 
oyer  a  period  of  eighteen  days,  to  the  dog  12  months  old ;  and  of  7£  grains, 
extending  over  a  period  of  nine  days,  to  the  dog  15  months  old. 

In  the  two  large  strong  dogs  (Dogs  E  and  F)  with  biliary  fistulae,  much 
larger  quantities  of  the  drug  were  required  to  produce  well-marked  salivation. 
19ij  grains,  extending  over  a  period  of  seven  days,  to  dog  F,  aged  18  months, 
and  19  J-  grains,  extending  over  a  period  of  thirteen  days,  to  dog  E,  aged  24 
months.  The  dog  which  was  not  salivated  (Dog  D)  was  a  retriever  6  months 
old,  which  was  poisoned  by  If  grain  of  corrosive  sublimate,  given  in  two  doses 
during  twenty  hours. 

In  all  the  six  dogs  a  discharge  of  mucus  from  the  nostrils  was  observed 
during  the  administration  of  the  drug  ;  in  some  cases  it  preceded,  in  others  it 
was  coincident  with  decided  salivation.  In  dog  D  the  nasal  discharge  was 
decided,  although  salivation  was  not  observed. 

It  can  hardly  fail  to  strike  anyone  that  the  doses  required  to  produce  sali- 
vation in  these  dogs  are  much  larger  than  those  usually  required  in  the  case 
of  man.  The  dose  required  in  the  dog  is,  however,  perhaps  not  nearly  so 
great  as  Table  I.  makes  it  appear ;  for  it  must  be  remembered  that  a  dog 
cannot,  like  a  man,  tell  us  when  it  feels  unusual  moisture  in  the  mouth.  When, 
therefore,  we  have  noted  salivation  as  having  been  produced,  it  has  only  been 
when  the  salivation  had  become  very  marked,  giving  rise  to  unusual  wetness 
of  the  mouth,  or  to  a  stream  of  saliva  flowing  from  it. 

In  all  the  dogs,  excepting  dog  D,  the  appetite  became  much  impaired,  and 
the  breath  remarkably  foetid.  In  dogs  A,  C,  and  E  the  mucous  membrane  of 
the  mouth  became  ulcerated.   Mere  sponginess  of  the  gums  was  never  observed. 

All  the  dogs,  with  the  exception  of  dog  D,  became  much  emaciated.  During 
the  very  decided  action  of  the  drug,  blood  appeared  in  the  faeces  of  all  the  dogs, 
excepting  dog  E.  Profuse  diarrhoea  was  produced  in  all  the  dogs  without 
biliary  fistulae ;  it  was  slight  in  the  little  dog  D,  while  it  was  entirely  absent 
in  the  other  two  dogs  with  fistulae,  although  these,  like  all  the  other  dogs, 
were  killed  by  corrosive  sublimate.  During  the  exhibition  of  the  drug,  the 
faeces  in  dog  A  changed  from  a  light  to  dark  brown,  brownish  yellow,  and 
greenish  brown ;  in  dog  B  they  changed  from  brown  to  greenish  brown,  greenish 
yellow,  and  slate-brown ;  while  in  dog  C  they  hardly  underwent  any  change 
in  colour.  In  dogs  D  and  E  there  was  no  change  in  the  colour,  while  in  dog  F 
they  changed  from  a  clay  to  a  slate-colour :  this  dog,  like  the  two  previous 
ones,  had  a  biliary  fistula. 

Appearances  found  on  Dissection. 

In  all  the  dogs  the  mucous  membrane  of  the  stomach  was  found  healthy. 
In  all  there  were  numerous  bright  red  vascular  patches  found  on  the  mucous 
membrane  of  the  Small  intestine,  extending  from  the  pylorus  to  the  ileo-colic 
valve.  In  dog  B  there  were  patches  of  lymph  on  the  inner  surface  of  tho 
mucous  membrane  of  the  ilium.  In  dogs  C  and  F  this  redness  was  most 
marked  in  tho  duodenum,  but  the  orifice  of  the  common  bile-duct  was  not 
redder  than  the  other  portions  of  the  duodenum.     In  all  the  dogs,  except 
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dog  B,  the  mucous  membrane  of  the  large  intestine  was  streaked  with,  bright 
red  lines  running  longitudinally  throughout  its  entire  length. 

In  all  the  dogs,  except  dog  D,  there  was  unusual  vascularity  of  the  pan- 
creas, but  in  none  was  there  any  abnormal  appearance  of  the  salivary  glands. 

In  no  case  did  the  liver  present  any  unusual  appearance. 

These  facts  show  that  on  the  dog  mercury  has  the  same  action  as  it  exerts 
on  man. 

Ebstjlts  op  the  Experiments  made  on  Dogs  with  Biliary  Fibivljr  to 

DETERMINE  THE  ACTION  OP  MERCURY  AS  A  ChOLA-OOQITE. 

During  the  two  years  over  which  the  Committee's  inquiries  extended,  forty- 
one  dogs  were  subjected  to  the  operation  for  establishing  a  biliary  fistula. 
Of  these,  four  died  during  its  performance  from  the  effects  of  chloroform.  In 
four  others  the  operation  was  not  proceeded  with  after  opening  the  peritoneum, 
in  consequence  of  the  impossibility  of  bringing  the  fundus  of  the  gall-bladder 
in  contact  with  the  abdominal  wall.  The  operation  was  completed  in  thirty- 
three  cases,  but  from  various  causes,  which  the  Committee  consider  it  unne- 
cessary to  detail  minutely,  satisfactory  observations  could  only  be  carried  on 
in  nine  dogs.  These  have  been  numbered  consecutively  from  one  to  nine,  but 
it  has  been  thought  better  to  arrange  the  numerous  observations  made  upon 
them  according  to  the  preparation  of  mercury  employed. 

Observations  with  Pil.  Hydrargyria 

The  first  dog  (No.  1)  in  which  a  biliary  fistula  was  successfully  established 
by  the  Committee  was  a  healthy  rotriever  about  eighteen  months  old,  weighing 
18*5  kilogrammes,  for  which  we  are  indebted  to  Mr.  Nunneley  of  Leeds.  The 
operation  was  performed  on  the  29th  of  May,  1867.  The  wound  in  the 
abdominal  wall  healed  rapidly.  Shortly  after  the  operation  tho  faeces  became 
clay-coloured.  The  general  health  of  the  animal  was  excellent  when  on  the 
10th  of  June  the  apparatus  for  collecting  the  bile  was  applied,  and  the  obser- 
vations recorded  in  the  following  Table  (Table  II.)  were  commenced. 

As  the  metrical  system  of  weights  is  used  in  all  the  Tables  with  regard  to 
everything  except  the  doses  of  drugs,  it  may  be  of  service  to  remind  the 
English  reader  that — 

1  gramme= 15-434  grains,  28*34  grammes  =  1  ounce,  1  kilogramme  =  2*2 
pounds. 


Table  II. — First  Series  of  Observations  on  Dog  1. 
Bile  secreted  without  Mercury. 


Daily  amount  of 


1               2 

3 

4 

5 

6 

Weight 
Date.        d0*-    1 

Amount  of  food,  in 
grammes. 

Quantity  of  bile 

secreted  in  24 

hours. 

For  each  kilo-      | 

gramme  of  dog  there 

were  secreted       1 

For  each  100 

grammes  of  dry 

food  there  were 

secreted 

.Kilo^! 

Water.  ImUIcJ  Bread. 

Meat. 

Fluid 

bile. 

Bile 
solids. 

Bile  1 
salts. 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

1867.     ,              J 
Juno  11.  |     195    1  None. 

„    12.)                1       „ 

:  R.      il  :: 

n    is.1             ■     n 

„     19.                 ,(       » 

667 
»» 

170-1 

283-5 

grms. 
150-4 
125*0 
75-7 
1218 
115-0 
1:50-7 

grms. 
8-843 
8-400 
5-791 
6-954 
7-290 
8-456 

firm. 
1-221 
1-3551 

o-836 ; 

1-280 
1-345 
1-520; 

grms. 
8-12 

4-09 

grm. 
0-478 

0-313 

grm. 
0-066 

0-045  1 

grms. 
65-5 

32-9 

grms. 
3-85 

2-52 

$-53 
0-36 

119-76 

7*622 

1-259! 

6*47 

0*412 

0-068  I 

5218 

3-32 

0-548 

Not  e. — The  amount  of  dry  food  consumed  daily  during  the  above  period  amounted  to  22*5  grammes. 
„  „  „  for  each  kilogramme  of  dog  amounted  to  12'3  grammes. 
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The  above  series  of  observations  was  undertaken  with  a  view  to  ascertain 
the  average  amount  of  bile  secreted  daily  previous  to  the  administration  of 
mercury  to  the  animal.  It  was  thought  necessary  to  collect  the  bile  for  six 
consecutive  days  before  calculating  its  average  daily  amount;  for,  as  is  evident 
from  the  Table,  the  secretion  was  very  inconstant.  Thus  on  June  15th  the 
quantity  secreted  was  only  about  a  half  of  what  it  was  upon  the  11th. 

In  the  above  Table  three  days  (the  13th,  14th,  and  16th)  have  been 
omitted,  owing  to  a  portion  of  the  bile  having  been  lost.  This  resulted  from 
slipping  of  the  apparatus.  Despite  every  care  in  its  adjustment,  it  was  some- 
times so  shifted  by  the  movements  of  the  animal  that  the  canula  was  dragged 
out  of  the  fistula,  and  the  bile  consequently  lost. 

The  average  daily  amount  of  bile  secreted  during  the  six  days  was  1 19*76 
grammes  of  fluid  bile,  7*622  grammes  of  bile  solids,  and  1*259  gramme  of 
bile  salts*.  The  daily  amount  of  food  consumed  during  the  whole  period  was 
uniform.  This  was  due  to  the  fact  that  for  some  days  previous  to  the  com- 
mencement of  the  bile-collections  the  dog  was  offered  an  excess  of  food  ;  the 
amount  consumed  was  estimated,  and  this  amount  was  given  on  subsequent 
days,  and  always  entirely  eaten  by  the  animal.  With  a  view  to  assimilate 
all  the  Tables,  a  column  for  water  is  introduced,  although  in  this  case  none 
was  given. 

In  this  and  all  the  following  Tables,  the  amount  of  fluid  bile,  bile  solids,  and 
salts  secreted  is  estimated  with  regard  to  each  kilogramme -weight  of  the 
animal,  and  each  100  grammes  of  dry  food  consumed  by  it.  In  columns  5  and 
6  of  the  foregoing  Table  these  estimates  are  made  on  the  days  when  the  maxi- 
mum and  minimum  quantities  of  bile  were  secreted;  and  the  average  quantities 
given  at  the  foot  of  these  columns  are,  in  this  and  all  the  subsequent  Tables, 
estimated  from  the  average  quantities  of  columns  2,  3,  and  4.  Columns  5  and 
6  have  a  special  physiological  interest,  and  will  be  afterwards  referred  to  at 
length.  For  the  present  the  attention  of  the  reader  need  not  be  directed  to 
column  5,  for  the  experience  of  the  Committee  has  shown  that  there  is  no 
relation  between  the  amount  of  bile  secreted  and  the  weight  of  the  animal ; 
the  relation  between  the  amount  of  food  consumed  and  the  quantity  of  bile 
secreted  is  not  a  very  close  one  either  (as  the  foregoing  Table  is  sufficient  to 
show),  yet  in  some  cases  it  seems  to  be  such  as  to  render  necessary  its  being 
taken  into  account  when  the  influence  of  any  agent  upon  the  biliary  secretion 
is  under  consideration  f. 

During  all  the  observations  on  this  animal,  however,  the  same  amount  of 
food  was  taken  daily ;  therefore  any  variation  in  the  biliary  secretion  cannot 
be  ascribed  to  variation  in  the  diet,  so  that  the  relation  between  the  secre- 
tion of  bile  and  amount  of  food  may  in  this  case  for  the  present  be  disre- 
garded. 

On  the  19th  of  June  it  was  found  necessary  to  discontinue  the  observations, 
as  the  pressure  of  the  apparatus  had  caused  ulceration  of  the  skin  over  the 
sternum,  and  the  fistula  had  assumed  a  very  irritable  appearance.  The 
wound  having  healed,  and  the  fistula  become  more  healthy,  the  observations 
were  resumed  on  the  28th  of  June,  and  continued  for  other  six  consecutive 
days. 

The  results  are  given  in  the  following  Table : — 

*  By  the  term  bile  salts  in  this  and  all  subsequent  Tables  is  meant  the  inorganic  solids 
of  the  bile  left  after  its  incineration. 

t  To  give  completeness  to  the  Tables  the  absolute  amount  of  dry  food  taken  daily  or  on 
some  particular  day,  together  with  the  amount  consumed  per  kilogramme  of  dog,  has  been 
given. 
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Table  III.* — Second  Scries  of  Observations  on  Dog  1.     Daily  amount  of 
Bile  secreted  without  Mercury. 


1 

2 

3 

4 

5 

6 

1 

Date. 

Weight 
dog. 

Kilogs. 

Amount  of  food,  in 
grammes. 

Quantity  of  bile 

secreted  in  24 

hours. 

For  each  kilo- 
gramme of  dog  there 
were  secreted 

For  each  100 

grammes  of  dry 

rood  there  were 

secreted 

Water. 

Milk. 

Bread. 

Meat. 

Fluid 
bile. 

Bile 
solids. 

BUe 

salts. 

Fluid 
bile. 

Bile 
solids. 

BUe 
salt  a 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

1867. 
June  29. 

„    80. 
July    1. 

*      2. 

n      3. 

n       4- 

16-8 

None. 

M 
>» 

567 

170-1 

n 
>» 
n 

283-5 
>» 

•t 

»♦ 

grms. 
106-2 
148-0 
117-5 
1851 
81-6 

grms. 
3-865 

t 
4-31 
6-60 
2*978 
5*80 

ft? 

t 
1-116 
2-010 
0-824 
1-615 

grms. 

11-01 
4-85 

grm. 

0-392 
0177 

grm. 

0119 
0-049 

grms. 

80-6 
35-5 

grms. 

2*87 
1-29 

grms. 

0-87 
0-35 

Mean 

II 131-31 

4-71 

1-343 

7*82 

0-28 

0-079 

57*21 

2-05 

0-58 

The  amount  of  dry  food  consumed  daily  during  the  above  period  amounted  to  229*5  grammes. 
n  n  »t  for  each  kilogramme  of  dog  amounted  to  13*6  grammes. 

*  In  columns  5  and  6  tho  maximum,  minimum,  and  mean  quantities  are  calculated ;  the  last,  however, 
re  estimated  from  the  mean  quantities  of  column  4. 
t  Not  determined. 

This  second  series  of  observations  was  again  directed  to  ascertain  the 
normal  secretion  of  bile,  in  the  hope  that  the  secretion  would  become  more 
constant ;  the  Table,  however,  shows  that  this  expectation  was  not  realized, 
tho  variation  in  the  daily  quantity  of  bile  was  indeed  even  greater.  Owing 
to  the  experience  gained  in  this  experiment,  all  subsequent  observations 
directed  to  ascertain  the  normal  secretion  of  bile  previous  to  the  administra- 
tion of  a  drug  were  seldom  prolonged  beyond  four  or  five  days. 

Table  III.  shows  that  the  average  amount  of  fluid  bile  secreted  daily 
during  this  series  of  observations  was  slightly  above  the  average  amount 
secreted  during  those  in  Table  II. ;  but  it  shows  that  there  was  a  great 
diminution  in  the  bile  solids.  The  average  quantity  during  the  first  series 
was  7*622  grammes,  during  the  second  series  only  4*71  grammes.  This 
was  entirely  due  to  a  falling  off  in  the  amount  of  the  organic  constituents  of 
the  bile ;  for  the  Tables  show  that  during  the  second  series  the  inorganic 
solids  {bile  salts)  were  somewhat  greater  in  amount  than  thoy  were  during 
the  first  series  of  observations.  Tho  animal  had  lost  weight  to  the  extent 
of  1#7  kilogramme,  but  was  nevertheless  in  excellent  health  generally, 
although  the  irritable  state  of  the  fistula  rendered  necessary  an  interrup- 
tion of  the  observations  until  the  8th  of  July. 

As  it  seemed  impossible  to  obtain  a  better  standard  of  comparison  than 
was  afforded  by  Table  III.,  it  was  resolved  to  commence  the  administration 
of  mercury.     Table  IV.  shows  the  results. 

Five  grains  of  Pil.  Hydrargyri  were  given  as  one  dose  daily  during  eight 
days  ;  the  pill  was  always  given  twenty-four  hours  previous  to  the  collection 
of  the  bile. 

On  July  11th,  the  apparatus  having  shifted,  the  bile  escaped.  On  the 
other  seven  days,  however,  the  collections  were  perfect,  and  the  results  show 
that  the  administration  of  the  drug  was  accompanied  by  slight  diminution 
(3*71  grammes)  in  the  average  quantity  of  fluid  bile  secreted  daily,  and  a 
slight  augmentation  (0*45  gramme)  in  the  average  quantity  of  bile  solids. 
This  slight  increase  in  the  bile  solids  cannot  be  regarded  as  a  proof  of 
the  power  of  blue  pill  to  increase  the  biliary  secretion,  when  the  extreme 
variations  of  the  secretion  in  this  case  are  taken  into  account.     In  favour 
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of  the  idea  it  may,  indeed,  be  alleged  that  on  July  14th  (Table  IV.)  more 
fluid  and  solid  bile  was  secreted  under  tho  influence  of  blue  pill  than  had 
been  secreted  on  any  day  without  it ;  but  as  a  counterpart  to  this  it  can 
be  said  that  on  July  17th  (Table  IV.)  the  amount  of  fluid  and  solid  bile  was 
less  than  it  had  ever  been  on  any  previous  day.  On  the  whole,  therefore, 
it  may  be  concluded  that  in  this  case  there  was  no  evidence  that  the  admi- 
nistration of  blue  pill  affected  the  biliary  secretion. 

Table  IV.* — Third  Series  of  Observations  on  Dog  1.    Amount  of  Bile  secreted 
in  twenty-four  hours  when  5  grs.  of  Pil.  Hydrargyri  were  given  daily. 


1 

2 

3 

4 

5 

6 

Date. 

Weight 
dog. 

Amount  of  food, 
grammes. 

in 

Quantity  of  bile 

secreted  in  24 

boon. 

For  each  kilo- 
gramme of  dog  there 
were  secreted 

For  each  100 

grammes  of  dry 

food  there  were 

secreted 

Kilo** 

Water. 

Milk. 
667 

Bread. 

Heat. 

Fluid 
•  bile. 

Bile 
solids. 

Bile 
salts. 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

1867. 
July   9. 

15 

None. 

170-1 

283-5 

grms. 

grms. 

grma 

grins. 

grm. 

grm. 

gnns. 

grms. 

grm. 

„    10. 

„ 

„ 

,, 

»» 

'  100 

4-27 

110 

M     11. 

„ 

„ 

»» 

„    12. 

„ 

»» 

„ 

n 

,    89 

3-729 

1023 

„    13. 

„ 

„ 

tt 

»» 

1706 

619 

1-74 

„    14. 

„ 

„ 

it 

„ 

204-0 

8    9 

229 

13-6 

0-39 

0-152 

88-8 

3-52 

0-99 

„    16. 

„ 

»t 

M 

»» 

139  0 

5*6 

1-52 

„    16. 

„ 

,, 

It 

„ 

1276 

513 

150 

„    17. 

♦» 

" 

» 

" 

67-0 

2  86 

0-73 

4-46 

019 

0-042 

29-19 

1-246 

0-31 

Mean 

127*6 

5-16 

1-38 

8-50 

0-344 

0-09 

65-6 

2-24 

0-601 

Note. — The  amount  of  dry  food  consumed  doily  during  the  above  period  amounted  to  229*5  grammes. 
„  „  „  for  each  kilogramme  ox  dog  amounted  to  15-27  grammes. 

*  In  columns  5  and  6  the  maximum,  minimum,  and  mean  quantities  only  are  calculated.    The  last,  however, 
arc  estimated  from  the  mean  quantities  of  column  4. 

The  above-mentioned  doses  of  blue  pill  did  not  purge  tho  animal. 

On  July  17th  the  observations  were  interrupted  on  account  of  renewed 
ulceration  over  the  sternum  by  the  pressure  of  the  apparatus.  At  that  date 
the  animal  was  in  excellent  health. 

The  observations  were  resumed  after  an  interval  of  six  days.  The  results 
are  given  in  the  following  Table  :■ — 

Table  V.f — Fourth  Series  of  Observations  on  Dog  1.     Amount  of  Bile  secreted 
in  twenty-four  hours  when  5  grs.  of  Pil.  Hydrargyri  were  given  daily. 


1 

2 

? 

4 

5 

6 

Date. 

Weight 
dog. 

Amount  of  food,  in 
grammes. 

Quanty  of  bile 

secreted  in  21 

hours. 

For  each  kilo* 

gramme  of  dog  there 

were  secreted 

For  each  100 

grammes  of  dry 

food  there  were 

secreted 

Kilogs. 

Water. 

Milk. 

Bread. 

Meat. 

Fluid 
bile. 

Bile 
eolids. 

Bile 
salts. 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

1867. 

(  grms. 

grms. 

grm. 
Tort. 

gnn?. 

grms. 

grms. 

grms. 

grms. 

grma 

July  23. 

15 

None. 

8-46 

282 

225-6 

;  231-9 1  7-55 

w    24. 

,t 

»• 

56-7 

1-61 

lost. 

„    25. 

M 

„ 

M 

p.rO 

286 

0-931 

t*    26. 

** 

♦» 

»* 

n 

49-1 

1-73 

lost. 

n      27. 

M 

w 

n 

38-2 

1*11 

0-413 

,.    28. 

„ 

,t 

tt 

i» 

17-V0|  4KS 

1-66 

„    29. 

14-9 

- 

n 

«• 

n 

69-3  •  2*64 

0^J9i 

t  In  this  and  all  subiicquent  Tables  the  amount  of  medicine  said  to  be  given  on  any  day  was  always  giyen 
during  the  twenty-four  hours  previous  to  the  bile  collection  of  the  same  date. 
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Pil.  Hydrargyri  was  again  given.  Extraordinary  variations  occurred  in 
the  amount  of  bile  obtained  during  its  exhibition,  and  the  quantities  appear 
to  show  that  the  secretion  of  bile  was  diminished ;  but  they  are  in  truth  ren- 
dered valueless  by  the  circumstance  that  a  considerable  quantity  of  bile  was 
separated  by  the  kidneys,  owing,  most  probably,  to  its  free  exit  by  the  fistula 
having  been  interfered  with.  The  animal  was  never  purged  until  July  30th, 
when  it  twice  passed  a  considerable  quantity  of  liquid  feces.  Although  it 
did  not  lose  weight  to  any  notable  extent  during  the  period  embraced  by 
Table  V.,  its  strength  diminished.  In  order  that  the  dog  might  rally,  the 
observations  were  suspended,  and  a  more  liberal  diet  allowed.  It  grew  gra- 
dually weaker,  however,  and  died  on  the  5th  of  August.  On  dissection  a 
layer  of  recent  lymph  was  found  over  the  whole  surface  of  the  peritoneum. 
The  cause  of  the  peritonitis  was  not  evident  *. 

Observations  with  Calomel. 

The  second  dog  (No.  2),  with  a  biliary  fistula,  was  a  full-grown  half-bred 
collie,  weighing  15*6  kilogrammes.  The  operation  was  performed  on  the  5th 
of  September,  1867.  The  wound  healed  perfectly,  and  collection  of  the  bile 
was  begun  on  the  20th  of  September.  The  general  health  of  the  animal 
was,  however,  indifferent ;  its  appetite  was  uncertain,  and  its  general  strength 
feeble.  When  the  apparatus  was  applied,  the  animal  appeared  to  be  much 
distressed  by  its  weight,  and  by  the  constriction  of  the  thorax  and  abdo- 
men, which  its  proper  application  rendered  necessary.  After  the  operation 
the  feces  became  clay-coloured. 

During  seven  days,  from  September  21st  to  27th  inclusive,  observations 
were  made  with  a  view  to  determine  the  normal  secretion  of  bile  :  the  results 
are  given  in  the  following  Table  (Table  VI.)  : — 

Table  YL — First  Series  of  Observations  on  Dog  2.     Daily  amount  of  Bile 
secreted  without  Mercury. 


1 

2 

3 

4 

5 

6 

1 

Date. 

Weight 

of 

dog. 

Amount  of  food,  in 
grammes. 

Quantity  of  bile 

secreted  in  2-1 

hours. 

For  each  kilo- 
gramme of  dog  there 
were  secreted 

For  each  100 

grammes  of  dry 

food  there  were 

secreted 

-—  ~    • 

--     .     .  Fluid 

Bile  i  Bile    1  Fluid    Bile 

Bile 

Fluid    Bile 

Bile 

KUOgS. 

Water. 

MilJr.i  if  read. 

Meat. 

bile. 

solids,  salts,     bile. 

solids. 

salts. 

bile. 

solids. 

salts. 

1867.   | 
Sept.  21. 

156 

None. 

>61     1  None. 

None. 

'1ST 

grms. 

7*29 

111 

i 

1  grms. 
b-333 

grm. 
0-467 

grm. 
0-09 

grms. 
2300 

grms, 
12-9 

grms. 
2-51 

-  *. 

/Not  a 

56-1     |      „ 
ccurateiy  no 
ment  in  book 
oely    any  foo 

ted"  ^ 

81 

4-48 

0-907 

„     23. 

J  State 
11  "sear 

is    f 
dta-f 

94*15 

6072 

1-205 

Kken." 

t 

J 

„     24 

J  None. 

225-6 1  None. 

None. 

94-70 

5-750 

1-01 

„     25. 

15-6 

n 

292 

310-2 

78-30 

5-92 

1-25 

i     ... 

73-9 

6-60      1*18 

»      26.1 

n 

197-4 '      „ 

225 

62-50 

5-70 

1-08 

1 

„     27.1 

Has  only  tak|enalitt 

lemilk 

35-50     J -99 

0-436 

2-27 
5-27 

012 

0027 

1 

Mean  J 

or  seven  days |  82-16  |  5-81 

1-012 

0*34 

0-066  1 

! 
i 

Note.— On  the  25th  September  the  dry  food  consumed  amounted  to  105*7  grammes,  or  67  grits,  per 
kilog.  of  dog;  on  the  21st,  56*4  grms.,  or  3-6  grms.  per  kilog.  of  dog. 

In  this  Table,  as  well  as  in  several  others,  it  will  he  observed  that  the 
amount  of  bile  collected  was  greater  on  the  first  than  on  other  days — a  rule, 
however,  by  no  means  invariable.  The  occurrence  was  probably  due  to  the 
canula  having  permitted  a  freer  exit  to  the  bile  than  the  fistulous  opening 

*  For  further  observations  on  the  action  of  Pil.  Hydrargyri  sec  TaVcs  IX.  ani  X. 
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which  the  contraction  of  the  recti  abdominis  always  tended  to  close.  At 
first,  therefore,  after  the  introduction  of  the  canula,  a  large  quantity  of  bile 
pent  up  in  the  ducts  may  have  escaped,  or  the  larger  quantity  may  have  been 
due  to  increased  biliary  secretion. 

The  average  quantity  of  bile  secreted  daily  by  dog  2  during  the  seven 
days  embraced  by  Table  VI.  was  of  fluid  bile  82*46  grammes,  of  bile  solids 
6*31  grammes,  of  bile  salts  1*042  gramme.  During  the  whole  period  the 
animal  took  a  very  variable  quantity  of  food ;  on  two  days  the  amount  was 
not  accurately  recorded ;  the  average  quantity  of  dry  food  consumed  daily 
could  not  therefore  be  estimated.  The  biliary  secretion  was,  when  com- 
pared with  the  amount  of  food,  extremely  variable,  however,  as  column  6  of 
the  Table  suffices  to  show. 

The  general  health  of  the  animal  had  not  materially  suffered  by  the  con- 
tinued application  of  the  apparatus,  although  it  at  first  occasioned  so  much 
distress. 

It  was  now  decided  to  observe  the  effects  of  calomel.  Table  VII.  (p.  209) 
gives  the  results. 

During  the  six  days  embraced  by  Table  VIII.  calomel  was  given  in- 
ternally in  varying  doses.  The  effect  of  the  medicine  upon  the  general 
health  of  the  animal  was  very  decided ;  it  grew  daily  weaker  and  thinner,  it 
lost  its  appetite,  had  attacks  of  vomiting  on  October  2nd  and  3rd,  and  died 
on  October  5th,  apparently  from  inanition.  Purgation,  foetor  of  the  breath, 
or  ulceration  of  the  gums  were  never  produced  by  the  drug,  nor  was  there 
any  evidence  of  salivation. 

On  October  2nd  the  bile  was  lost,  and  on  the  3rd,  two  days  before  the 
death  of  the  animal,  and  when  it  took  no  food,  only  2'2  grammes  of  bile 
were  secreted.  An  average  has  been  taken  from  the  first  four  days  during 
whioh  the  animal  took  food.  The  average  quantity  of  fluid  bile  secreted 
during  these  four  days  was  60-02  grammes. 

The  average  quantities  of  bile  solids  and  salts  have  not  been  estimated 
seeing  that  they  wore  not  ascertained  on  September  29th.  The  Table  shows 
that  under  the  action  of  the  calomel  less  bile  was  secreted  than  there  was 
previous  to  its  exhibition ;  but  as  the  amount  of  calomel  given  had  seriously, 
indeed  fatally,  injured  the  health  of  the  animal,  it  was  determined  to  try  in 
the  next  case  the  effect  of  minute  and  frequently  repeated  doses. 

Dog  3  was  a  young  healthy  retriever,  weighing  12*9  kilogrammes.  The 
operation  for  biliary  fistula  was  performed  on  the  13th  of  October,  1867.  A 
few  hours  afterwards  the  dog  pulled  the  india-rubber  tube  out  of  the  fistula, 
and  the  external  opening  of  the  fistula  closed,  so  that  on  October  15th  the 
fistulous  opening  had  to  be  reestablished  by  an  incision.  The  wound  in 
the  abdominal  wall  healed  satisfactorily,  the  feces  were  clay-coloured,  and 
the  animal  was  in  excellent  health  when  the  collection  of  bile  was  begun, 
October,  26th  1867.  It  was  decided  to  observe  the  effects  of  very  small 
doses  of  calomel  (^  of  a  grain)  frequently  repeated.  The  bile  was  col- 
lected on  four  successive  days  previous  to,  and  on  four  consecutive  days, 
during  the  exhibition  of  the  drug  without  any  break  between  the  two  series. 
Table  VIII.,  p.  209,  gives  the  results  of  both  series  of  observations. 

During  the  four  days  previous  to  the  administration  of  the  calomel  the 
animal  secreted  daily  on  an  average  70*62  grammes  of  fluid  bile,  3*792 
grammes  of  bile  solids,  and  0*83  gramme  of  bile  salts.  The  health  of  the 
Linmal  during  these  days  was  excellent. 
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On  October  30th  seven  pills,  each  containing  ^  of  a  grain  of  calomQl, 
were  given  with  an  hour's  interval  between  each.  On  October  31st  seven 
pills,  on  November  1st  fourteen  pills,  and  on  November  2nd  six  pills  were 
administered  in  the  same  way  as  above  mentioned. 

The  effect  on  the  general  health  was  very  marked.  Soon  after  the  admi- 
nistration of  the  drug  was  begun  the  appetite  failed,  and  the  animal  took  no 
food  of  any  kind  during  three,  of  the  four  days.  The  strength  became 
rapidly  exhausted,  and  the  animal  died  on  November  3,  apparently  from 
inanition.  No  salivation,  foetid  breath,  ulceration  of  gums,  or  purgation 
were  produced  by  the  medicine. 

The  average  of  the  secondaries  of  observations  shows  that  during  the  four 
days  on  which  the  calomel  was  given  the  secretion  of  bile  was  not  influenced. 
It  was  almost  exactly  the  same  in  the  second  as  during  the  first  period,  thus 
distinctly  showing  that  the  calomel  cannot  be  said  to  have  affected  it  at  all. 
It  is  also  to  be  observed  that  although  during  the  second  four  days  the  animal 
took  food  only  once,  the  amount  of  bile  secreted  was  on  an  average  very  nearly 
the  same  as  during  the  first  four  days  when  it  ate  well.  This  might  at  first 
sight  be  considered  as  supporting  the  notion  that  mercury  increases  the 
biliary  secretion.  But  were  it  true  that  in  the  present  case  the  mercury  had 
kept  up  the  secretion  notwithstanding  the  diminution  in  the  food,  then  cer- 
tainly it  ought  to  increase  the  secretion  when  a  due  supply  of  food  is  taken  ; 
for  it  cannot  be  held  that  the  influence  of  food  is  anything  but  highly  favour- 
able to  the  secretion.  The  results  given  in  Table  IX.  will  show  that  such  is 
not  the  case. 

Dog  4  was  a  healthy  collie,  about  eighteen  months  old,  weighing  10  kilogs. 
The  operation  for  biliary  fistula  was  performed  on  ihe  19th  of  October,  1867. 
The  wound  in  the  abdominal  wall  healed  slowly.  As  the  fistulous  opening 
was  very  irritable,  the  canula  was  not  introduced.  Instead  of  the  canula  and 
india-rubber  bag  previously  employed,  a  sponge  was  used  to  collect  the  bile ; 
it  was  secured  in  a  tin  box  below  the  fistulous  opening.  The  faeces  became 
clay-coloured  soon  after  the  fistula  was  established. 

The  general  health  of  the  animal  was  excellent  when  the  observations  re- 
corded in  Table  IX.  p.  211,  were  begun. 

The  bile  was  collected  for  five  consecutive  days  previous  to  the  administration 
of  mercury,  in  order  to  ascertain  the  average  amount  secreted  daily.  This  was  : 
of  fluid  Me  67*1  grammes,  of  bile  solids  8*592  grammes,  of  bile  salts 
0*842  gramme.     At  the  end  of  this  period  the  dog  was  in  excellent  health. 

On  November  8th  the  administration  of  mercury  was  begun.  During  the 
twenty-four  hours  previous  to  the  collection  of  bile  on  that  day,  ten  pills, 
each  containing  one-twelth  of  a  grain  of  calomel,  were  given,  one  pill  at  a 
time,  with  an  hour's  interval  between  each.  On  the  next  day  twelve  such 
pills  were  given.  On  November  10th  ten  grains  Pil.  Hydrargyri  were  admi- 
nistered in  one  dose.  On  the  11th  and  12th  no  mercury  was  given.  On  the 
13th  the  ten  grains  of  Pil.  Hydrargyri  were  repeated.  On  the  14th  nine  calo- 
mel pills  were  given  as  above ;  and  on  the  last  day  of  the  observations  the 
mercury  was  withheld. 

During  the  five  days  on  which  calomel  or  blue  pill  was  administered  in  the 
above  modes,  the  amount  of  bile  secreted  was  diminished  to  nearly  a  half  of 
what  it  was  in  the  period  preceding  the  administration  of  the  mercury ;  and 
this,  although  nearly  as  much  food  was  consumed  during  as  before  the  exhi- 
bition of  the  drug.  Moreover,  during  the  second  period,  the  average  amount  of 
bile  secreted  was,  on  the  whole,  greater  on  the  days  when  no  mercury  was 
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given  than  on  the  other  days.  No  purgation  or  any  signs  of  specific  action 
-were  produced  by  the  mercury ;  but  shortly  after  its  first  administration  the 
strength  of  the  animal  began  to  decline.  Sores,  produced  by  the  pressure  of 
the  apparatus,  formed  upon  the  back,  in  consequence  of  which  the  observations 
were  interrupted  on  November  15th.  The  appetite  failed,  and  the  animal 
became  so  much  emaciated  that  it  was  killed  on  the  28th  of  November. 

It  is  evident  that  in  this  case  the  mercury  diminished  the  biliary  secretion, 
1  and  it  is  remarkable  that  it  did  so  without  impairing  the  appetite,  and  without 
producing  purgation. 

In  the  foregoing  experiments  purgation  had  never  been  produced  by  the 
mercurials  while  the  bile  was  being  collected ;  it  seemed,  therefore,  desirable 
to  ascertain  the  effect  upon  the  biliary  secretion  of  purgative  doses.  This 
was  done  in  the  following  experiment. 

Dog  5  was  a  strong  collie,  twelve  months  old,  weighing  16*7  kilogrammes. 
The  operation  for  biliary  fistula  was  performed  on  the  2nd  of  June,  1868.  The 
fistula  became  satisfactorily  established,  but  on  June  28th  the  dog  escaped.  It 
was  reobtained  on  the  11th  of  July.  The  fistulous  opening  had  closed,  the 
dog  was  jaundiced,  conjunctiva  and  skin  yellow,  urine  loaded  with  bile.  As 
the  faeces  were,  however,  clay-coloured,  an  attempt  was  made  to  open  the 
fundus  of  the  gall-bladder.  This  was  found  distended  with  a  thick,  gelatinous, 
colourless  fluid  like  white  of  egg.  About  ten  ounces  of  this  fluid  at  once  flowed 
from  the  opening.  It  was  not  in  the  least  tinged  with  bile.  The  glairy  fluid 
continued  to  drop  from  the  opening  for  several  hours,  after  which  the  bile 
began  to  flow,  and  continued  to  do  so. 

In  ten  days  every  symptom  of  jaundice  had  disappeared,  the  faeces  were 
clay-coloured,  and  the  wound  was  sufficiently  healed  to  permit  of  observa- 
tions being  begun.  In  Table  X.,  p.  213,  are  recorded  the  results  obtained 
before,  during,  and  after  purgative  doses  of  calomel  and  Pil.  Hydrargyri  were 
given. 

The  bile  was  collected  perfectly  on  six  days  in  order  to  ascertain  the  normal 
secretion.  The  average  daily  quantity  during  this  period  was  357*4  grammes 
of  fluid  bile,  13*11  grammes  bile  solids,  and  3-12  grammes  of  bile  salts. 
During  the  first  four  days  the  dog  was  in  excellent  health.  On  July  26th  it 
was  seized  with  a  smart  attack  of  diarrhoea.  On  that  day  both  the  fluid  and 
solid  portions  of  the  bile  were  diminished.  The  diarrhoea  did  not  recur  after 
the  26th.  On  the  27th  the  collection  of  bile  was  rejected,  owing  to  urine 
having  mingled  with  it.  On  the  28th  it  had  risen  to  a  little  above  the  average 
quantity. 

Twenty-four  hours  previous  to  the  collection  of  the  bile  on  the  29th,  ten 
grains  of  blue  pill  were  administered.  During  the  three  succeeding  days  ten 
grains  of  calomel  were  given  daily  in  one  dose  on  each  occasion  twenty-four 
hours  previous  to  the  bile  collection.  The  dose  of  blue  pill  and  the  first  dose 
of  calomel  produced  slight  purgation,  while  decided  purgation  followed  the 
administration  of  the  two  last  doses.  There  was  a  marked  diminution  in  tho 
biliary  secretion  during  this  period,  the  average  daily  amount  being  :  of  fluid 
bile  272*67  grammes,  of  bile  solids  7*78  grammes,  of  bile  salts  2*06 
grammes.  It  will  be  seen  from  the  Table  that  this  diminution  is  quite  as 
marked  in  the  solid  as  in  the  fluid  bile. 

The  high  amount  which  the  fluid  bile  attained  when  ten  grains  of  blue  pill 
were  given  might  be  supposed  to  indicate  an  increase  in  the  secretion.  The 
variations  in  the  amount  of  solid  constituents  of  the  bile  are,  however,  those 
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which  are  of  paramount  importance  in  the  present  inquiry,  and  the  dimi- 
nution of  these  on  the  29th  is  unmistakeable. 

The  bile  was  finally  collected  for  two  days,  August  2nd  and  3rd,  on  which 
no  mercury  was  given.  There  was  no  purgation  on  these  days,  and  the 
amount  of  bile  secreted  suddenly  increased.  Though  the  amount  was  not 
nearly  so  great  as  before  mercury  was  given,  it  was  nevertheless  much  above 
the  last  two  days  during  its  administration. 

Previous  to  the  exhibition  of  mercury  the  faeces  were  of  a  clay-colour, 
mixed  with  slate-coloured  patches.  During  and  on  the  two  days  after  the  mer- 
cury was  given  they  were  more  uniformly  slate-coloured.  During  the  whole 
experiment  the  health  of  the  animal  was  excellent,  neither  the  diarrhoea  nor 
the  mercurial  purgation  seemed  to  affect  it. 

This  series  of  observations  is  most  conclusive  as  to  the  influence  of  purgative 
doses  of  calomel  upon  the  biliary  secretion.  Under  their  influence  there  was 
a  steady  diminution  in  the  secretion,  and  the  moment  the  administration  of 
the  drug  was  suspended,  the  secretion  underwent  an  increase. 

It  is  important  to  observe  that  in  this  case  purgation,  whether  spontaneous 
as  on  the  26th,  or  as  the  result  of  mercurials,  diminished  the  secretion  of  bile. 
Other  observations  will  be  given  further  on  (see  Tables  XVII.,  XVIII.,  and 
XIX.),  which  show  that  when  induced  by  other  drugs  it  likewise  diminishes 
the  biliary  secretion. 

The  amount  of  bile  secreted  by  this  dog  was  very  large,  greater  in  proportion 
to  the  weight  of  the  animal  than  in  any  other  case.  At  first  we  were  inclined 
to  suppose  that  this  might  be  due  to  the  animal  being  fed  upon  liver ;  but  in 
the  case  of  dog  6,  to  be  described  presently,  the  amount  secreted  per  kilo- 
gramme of  dog  was  nearly  as  great,  although  the  animal  ate  no  liver ;  and 
the  amount  per  100  grammes  pf  dry  food  was  very  much  greater. 

In  the  foregoing  experiment  the  dose  of  blue  pill  given,  although  it 
diminished  the  bile  solids,  increased  that  of  the  bile  fluid.  It  was 
important  to  ascertain  whether  or  not  the  same  result  would  be  obtained  on 
another  trial.  In  another  dog  (No.  7)  ten  grains  of  blue  pill  were  given  on 
one  day,  and  fifteen  grains  on  the  day  following.  Slight  purgation  was  pro- 
duced by  the  first  dose,  decided  purgation  by  the  second.  On  the  day  pre- 
ceding the  administration  of  the  mercury,  the  amount  of  fluid  bile  was  173*9 
grammes,  of  bile  solids  9*35  grammes.  The  bile  was  lost  on  the  day  that 
the  first  dose  of  blue  pill  was  given,  but  on  the  next  day  it  had  fallen  to  119-9 
grammes,  and  the  bile  solids  to  7*5  grammes. 

On  both  days  the  animal  consumed  about  the  same  quantity  of  food.  It  is 
therefore  clear  that  the  observation  recorded  in  the  case  of  dog  5  on  the  29th 
of  July  cannot  be  held  as  indicating  the  power  of  blue  pill  to  increase  the 
fluid  portion  of  the  bile ;  white  this  observation  on  dog  7  only  confirms  the 
result  in  the  case  of  dog  5,  viz.  that  a  purgative  dose  of  blue  pill  diminishes 
the  amount  of  bile  solids  secreted. 

Results  of  the  preceding  observations  on  the  Cholagogue  Action  of 
Pil.  Hydrargyri  and  Calomel. 

1.  Pil.  Hydrargyri,  when  given  in  doses  which  did  not  produce  purgation, 
caused  no  increase  of  the  biliary  secretion  (Tables  IV.  and  IX.). 

2.  Pil.  Hydrargyri,  when  given  in  doses  which  produced  purgation,  dimi- 
nished the  biliary  secretion  (Table  X.,  and  non-tabulated  observations  on 
dog  7). 

3.  Calomel,  ^ven  in  doses  ofal^  of  a  grain  from  six  to  fourteen  times  a  day, 
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and  in  doses  of  two  grains  from  two  to  six  times  a  day,  did  not  produce  pur- 
gation or  increase  the  biliary  secretion  (Tables  VII.,  VIII.,  and  IX.), 

4.  Calomel,  when  given  in  doses  which  produced  purgation,  diminished  the 
biliary  secretion  (Table  X.). 

Observations  with  Corrosive  /Sublimate. 

Dog  6,  a  retriever,  six  months  old,  weighing  5-1  kilogrammes,  was  operated 
on  for  biliary  fistula,  February  26th,  1868.  The  recovery  was  in  this  case 
speedy  and  perfect.  Soon  after  the  operation  the  faeces  became  clay-coloured. 
The  health  of  the  animal  was  excellent,  and  was  not  appreciably  injured  by 
the  operation  or  the  effects  of  the  fistula. 

Table  XI.  p.  215,  gives  the  results  of  the  observations,  with  corrosive  sub- 
limate on  four  consecutive  days,  three  previous  to,  and  one  during  the  admi- 
nistration of  the  drug. 

During  the  three  days  previous  to  the  administration  of  the  mercury,  the 
secretion  of  flnid  and  solid  bile  was  remarkably  constant,  and  this  notwith- 
standing great  variation  in  the  amount  of  food  taken.  The  mean  quantity 
was,  of  fluid  bile  105-4  grammes,  of  bile  solids  4*144  grammes,  of  bilo 
salts  0*948  gramme.  The  constancy  in  the  secretion  rendered  the  case  a 
very  valuable  one  for  observing  whether  or  not  it  was  affected  by  the  drug. 
On  the  fourth  day  two  doses  of  £  of  a  grain  of  corrosivo  Sublimate  wero 
injected  under  the  skin.  The  first  dose  was  given  at  1  p.m.  on  the  11  lb, 
immediately  after  the  collection  of  bile  had  been  made  on  that  day.  The 
second  dose  was  given  at  9  a.m.  on  the  12th,  and  the  last  collection  of  bilo 
was  made  at  1  p.m.  on  the  same  day.  The  amount  of  fluid  bile  on  this  tho 
fourth  day  was  78  grammes,  of  bile  solids  3*178  grammes,  of  bile  salts 
0*717  gramme.  Twenty  hours  after  the  first  dose  of  the  drug  was  given,  a 
slight  discharge  of  mucus  from  the  nostrils  was  observed,  and  a  patch  of 
semisolid  clay-coloured  fasces  mingled  with  a  few  drops  of  blood  was  found 
upon  the  floor.  Two  hours  following  the  administration  of  the  second  dose, 
the  animal  was  observed  to  be  exceedingly  weak ;  it  was  in  a  state  of  con- 
stant tremor,  and  staggered  on  attempting  to  walk.  At  1  p.m.  on  tho  12th,  four 
hours  after  the  second  dose  of  mercury  was  given,  the  last  collection  of  bile 
was  made ;  at  that  time  the  nasal  discharge  had  become  more  marked.  There 
was  no  apparent  salivation,  nor  was  the  breath  foetid.  The  animal  was  last 
seen  alive  at  5.30  p.m.  on  the  12th,  eight  and  a  half  hours  after  the  second 
dose  had  been  given.  At  that  time  there  was  no  apparent  change  in  its 
condition,  further  than  that  it  had  become  so  weak  that  it  was  no  longer  able 
to  stand,  unless  supported.  It  died  during  the  following  night.  In  the 
morning  (13th)  a  patch  of  liquid  faxes  of  a  clay-colour  was  found  upon  the 
floor.     Ten  grammes  of  bile  wore  found  in  tho  bag  attached  to  the  canula. 

The  result  of  this  experiment  was  briefly  this : — 1$  grain  corrosive  subli- 
mate, given  in  the  course  of  24  hours  to  a  dog  6  months  old,  caused  purgation 
with  liquid  bloody  faeces,  nasal  discharge,  diminution  of  the  biliary  secretion, 
general  tremor,  and  finally  death. 

For  dissection  of  this  dog  see  Table  I.,  Dog  D.  It  will  be  observed  that 
the  stomach  still  contained  a  portion  of  undigested  food. 

As  the  animal  had  been  poisoned  by  the  drug,  it  was  determined  to 
observe  the  effects  of  smaller  and  gradually  increasing  doses.  It  was  thought 
that  if  the  drug  can  increase  tho  biliary  secretion,  we,  by  beginning  with  a 
very  small  dose  and  gradually  increasing  its  strength,  would  certainly  hit 
upon  the  amount  necessary  to  do  so  ere  poisonous  symptoms  set  in ;  moreover 
we  should  observe  the  effects  of  tho  repeated  exhibition  of  small  doses. 
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Dog  7  was  a  strong  full-grown  retriever,  weighing  27*4  kilogrammes, 
for  which  we  were  indebted  to  Dr.  Kelburne  King,  of  Hull.  The  operation 
for  biliary  fistula  was  performed  on  the  24th  of  April,  1868.  The  healing 
of  the  wound  around  the  fistula  was  so  slow  that  observations  could  not  be 
begun  before  the  29th  of  May.  Table  XII.  p.  215,  gives  the  results  pre- 
vious to  the  administration  of  corrosive  sublimate. 

During  the  five  days  embraced  by  Table  XII.,  the  amount  of  food 
consumed  was  constant.  On  May  31st  the  bile  was  unfortunately  lost, 
owing  to  the  apparatus  having  slipped.  The  average  quantity  secreted 
during  the  remaining  four  days  was  of  fluid  bile  127-15  grammes,  of  bile 
solids  6*43  grammes,  of  bile  salts  1-03  gramme.  The  observations  were 
interrupted  on  account  of  repairs  needed  in  the  apparatus.  When  resumed 
on  the  5th  of  June,  the  dog  was  in  excellent  health.  Table  XIII.  p.  217, 
gives  the  results  of  observations  during  the  administration  of  small  and  gra- 
dually increasing  doses  of  corrosive  sublimate. 

During  the  first  three  days  £  of  a  grain  of  corrosive  sublimate  was 
injected  under  the  skin  once  a  day.  During  the  next  six  days  the  same 
quantity  was  injected  twice  a  day,  and  on  the  tenth  day  (June  16)  the  dose 
was  increased  to  £  of  a  grain  at  the  second  injection. 

During  these  ten  days  the  biliary  secretion  underwent  marked  variations ; 
the  average  daily  quantity  was  113-8  grammes  of  fluid  bile,  5-972  grammes  of 
bile  solids,  and  0*99  gramme  of  bile  salts.  These  figures  show  that  there  was 
a  slight  diminution  in  the  biliary  secretion  during  this  period.  At  the  same 
time,  however,  the  amount  of  food  consumed  had  undergone  a  considerable 
decrease,  but  the  health  of  the  animal  had  not  suffered,  and  its  weight 
remained  almost  exactly  the  same.  On  June  17,  the  increased  dose  of  ■£ 
of  a  grain  twice  a  day  was  given.  Athough  these  doses  produced  no  pur- 
gation, foetid  breath,  or  salivation,  yet  the  dull  eye  and  general  drooping 
uneasy  aspect  of  the  animal  showed  that  the  general  health  was  deci- 
dedly impaired.  On  that  day  (17th)  there  was  a  great  decrease  in  the 
biliary  secretion.  The  bile  solids  fell  to  about  a  third,  and  the  fluid  bile  to 
about  a  fourth  of  what  it  had  been  on  the  previous  day.  The  amount  of 
food  consumed,  however,  had  been  but  slightly  diminished,  as  compared 
with  the  previous  day ;  but  a  glance  at  the  Table  will  suffice  to  show  that 
more  food  was  consumed  on  the  17th  than  on  the  11th,  13th,  and  15th.  On 
all  these  days  at  least  thrice  as  much  fluid  bile,  and  about  twice  as  much 
bile  solids  had  been  secreted.  On  June  18  only  ^  of  a  grain  was  given ; 
and  after  the  collection  of  bile  on  that  day  the  observations  were  suspended, 
on  account  of  the  very  marked  impairment  of  the  general  health  occasioned 
by  the  mercury.  On  that  day  the  following  is  the  note  that  was  taken  of 
the  condition  of  the  animal : — "  The  dog  looks  miserable  and  lifeless,  his 
health  is  evidently  much  impaired,  there  is  no  salivation,  foetid  breath, 
nasal  discharge,  or  purgation."  The  quantity  of  bile  secreted  on  the  18th, 
though  above  that  of  the  previous  day,  was  nevertheless  very  low.  The 
consumption  of  food  had  greatly  diminished ;  and  it  should  be  noticed  that 
on  the  10th  the  biliary  secretion,  instead  of  undergoing  a  still  further  dimi- 
nution, consequent  on  the  decreased  consumption  of  food,  was,  in  fact, 
augmented.  This,  in  our  opinion,  could  only  be  attributed  to  the  influence 
of  a  smaller  dose  of  tho  drug. 

The  collection  of  the  bile  was  in  this  case  quite  perfect  on  every  day, 
with  one  exception  (May  31),  recorded  in  Table  XII.  The  observations 
distinctly  show  that  corrosive  sublimate,  given  in  small  gradually  increasing 
doses,  did  not  augment  the  biliary  secretion.   On  the  contrary,  they  point  out 
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that  so  long  as  the  general  health  remained  good,  the  amount  of  bile  was 
not  changed,  but  as  soon  as  the  animal  became  weak,  diminution  of  the 
secretion  at  once  took  place. 

Dog  8  was  a  strong  mongrel  collie,  about  five  years  old,  weighing  19*3 
kilogrammes.  The  operation  for  biliary  fistula  was  performed  on  the  2nd  of 
June,  1868.  The  recovery  was  rapid,  and  observations,  with  a  view  to 
determine  the  normal  secretion  of  bile,  were  commenced  June  17th.  Tho 
results  are  given  in  Table  XIV.  p.  217. 

The  bile  was  perfectly  collected  for  eight  days.  On  one  day  (20th)  the 
apparatus  was  not  applied.  When  the  observations  were  commenced,  the 
animal  was  in  perfect  health,  the  faeces  were  quite  white  and  semisolid. 
On  the  21st  it  had  a  slight  attack  of  diarrhoea,  which  had,  however,  disap- 
peared on  the  following  day.  With  this  exception,  the  health  of  the  animal 
was  exceedingly  good  during  the  whole  period,  and  instead  of  a  loss  there 
was  a  slight  gain  in  weight.  The  diminution  of  the  biliary  secretion  on 
the  21st  cannot  be  ascribed  to  the  diarrhoea,  seeing  that  on  the  next  day, 
when  it  had  ceased,  a  still  greater  decrease  took  place.  The  average  daily 
amount  of  bile  during  the  above  period  was,  of  fluid  bile  180-2  grammes, 
of  bile  solids  5-96  grammes,  of  bile  salts  1-07  gramme.  The  dog's  appetite 
was  remarkably  good.  It  was  decided  that  corrosive  Bublimate  should  now 
be  given  in  small  and  gradually  increasing  doses  as  in  the  previous  case. 
Table  XV.  p.  219,  gives  the  results. 

During  the  first  eight  days  4  of  a  grain  of  corrosive  sublimate  was 
given  twice  a  day.  On  July  5tn  and  6th  $  of  a  grain  were  given  in  the 
day.  On  July  7th  and  8th  the  dose  was  £  of  a  grain  twice  a  day.  Until 
July  8th  the  animal  continued  in  good  health;  then  its  appetite  began 
to  fail. 

The  average  amount  of  bile  secreted  daily  during  the  twelve  days  from 
June  27th  to  July  8th  inclusive  was,  of  fluid  bile  150*19  grammes,  of  bile 
solids  3*374  grammes,  and  of  bile  salts  1*135  gramme.  During  this  period 
the  amount  of  fluid  bile  was  one-sixth  less  than  during  the  premercurial 
period ;  but  the  diminution  in  the  bile  solids  was  still  more  marked,  the 
average  quantity  not  being  much  more  than  a  half  of  what  was  secreted 
during  the  premercurial  period.  This  diminution  was  entirely  due  to  a  de- 
crease in  the  organic  solids  of  the  bile,  indeed  the  amount  of  the  inorganic 
solids  was  slightly  increased. 

On  July  9th  two-thirds  of  a  grain  were  given,  as  on  the  two  previous 
days.  The  falling  off  in  the  appetite  now  became  more  marked,  and  the 
animal  looked  ill.  There  was  a  great  failure  in  the  biliary  secretion ;  fluid 
and  solid  bile  were  reduced  to  about  a  half  of  what  they  had  been  on  tho 
previous  day.  One-third  of  a  grain  was  given  upon  tho  following  day 
(10th).  This  was  the  last  dose.  Symptoms  of  seriously  deteriorated  health 
were  very  apparent  some  hours  after  it  was  given.  The  animal  refused 
almost  all  food ;  it  looked  very  languid ;  its  breath  was  foetid ;  there  was 
slight  salivation,  and  on  the  mucous  membrane  inside  the  upper  lip  there 
was  an  incipient  ulcer,  which  experience  regarding  the  effects  of  mercurials 
on  the  mouths  of  other  dogs  enabled  us  to  recognize  as  mercurial.  The 
faeces,  which  previous  to  the  administration  of  the  mercury  had  been  white, 
were  during  the  greater  period  of  exhibition  sometimes  white,  at  other  times 
grey,  and  during  the  two  last  days  of  a  slate-colour.  There  never  was 
purgation.  Latterly  the  animal  became  rapidly  emaciated.  Up  to  the  6th 
it  maintained  its  weight  well,  but  during  the  last  four  days  it  lost  3*49  kilo- 
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grammes.  The  amount  of  bile  secreted  on  the  10th  was  still  further  dimi- 
nished, the  fluid  bile  being  little  more  than  a  ninth  of  the  average  quantity 
secreted  during  the  twelve  days  from  June  27th  to  July  8th  inclusive  ;  while 
the  bile  solids  were  little  more  than  a  thirtieth  of  the  average  quantity  se- 
creted during  the  same  period. 

In  the  case  of  dog  8  six  grains,  in  that  of  dog  7  four  grains  of  corro- 
sive sublimate  were  required  to  bring  about  the  same  result  as  regards  the 
biliary  secretion.  This  was  apparently  due  to  the  fact  that  dog  8  was  an 
older  and  a  stronger  dog.  But  although  the  biliary  secretion  held  out  longer 
against  the  drug  in  this  animal,  the  constitutional  symptoms  were  more 
marked.  Thus  salivation,  foetid  breath,  and  ulceration  of  the  gums  were 
present,  while  these  were  wanting  in  dog  7.  This  fact  adds  greatly  to  the 
value  of  the  observations  on  dog  8  ;  for  it  shows  when  mercury  is  given  to  an 
extent  sufficient  to  increase  the  function  of  the  salivary  glands,  it  diminishes 
the  biliary  function  of  the  liver. 

The  impression  produced  by  the  drug- upon  the  health  of  dog  8  was  deep 
and  lasting.  Although  its  administration  and  the  collection  of  bile  were 
stopped  on  July  10th,  the  emaciation  of  the  animal  continued  to  increase 
rapidly.  The  appetite  was  very  poor  on  the  14th,  there  was  coffee-ground 
vomiting,  blood  was  passed  in  the  faeces,  and  there  was  a  decided  muco- 
purulent discharge  from  the  left  nostril.  The  ulcer  in  the  mouth  became 
larger.  The  animal,  which  previous  to  the  administration  of  the  mercury 
had  been  sb  strong  and  vigorous,  grew  so  weak  that  it  could  hardly  walk, 
and  it  was  killed  July  25th.  On  dissection  six  hours  after  death  nothing 
abnormal  was  found.  The  hepatic  cells  seemed  healthy.  The  intestine, 
pancreas,  and  salivary  glands  were  not  unduly  vascular. 

Results  of  the  preceding  Observations  on  the  Cholagogue  Action  of  Corrosive 

Sublimate, 

These  two  series  of  observations  on  dogs  7  and  8  so  closely  resembled 
each  other,  and  were  so  perfectly  carried  out,  that  there  was  no  possibility 
of  fallacy.     They  show : — 

1.  That  corrosive  sublimate,  when  given  in  small  doses,  gradually  in- 
creased in  strength,  docs  not  augment  the  biliary  secretion,  but  that  it  dimi- 
nishes it  the  moment  the  dose  reaches  a  strength  sufficient  to  deteriorate  the 
general  health. 

2.  That  corrosive  sublimate  given  in  the  above  method  may  diminish  the 
biliary  secretion,  while  it  does  or  does  not  produce  an  evident  action  on  the 
salivary  glands  and  mouth,  and  without  producing  purgation. 

3.  Case  6  shows  that  the  biliary  secretion  is  likewise  diminished  when 
this  drug  is  given  in  a  dose  sufficient  to  produce  purgation. 

The  next  subject  which  engaged  our  attention  was  the  mode  in  which 
the  mercury  had  caused  a  diminution  of  the  biliary  secretion  in  dogs  7 
and  8. 

The  experiment  on  dog  8  seemed  strongly  to  point  to  the  diminished 
consumption  of  food  as  the  cause  of  the  diminished  biliary  secretion.  With 
a  view  to  throw  further  light  on  this  matter,  we  performed  the  following 
experiment  on  the 

Influence  of  Partial  Starvation  on  the  Biliary  Secretion. 

For  the  following  experiment  dog  7  was  used,  which  had  thoroughly 
recovered  its  health  and  strength. 
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Table  XVI.,  p.  219,  shows  tho  results  of  the  observations  before,  doling, 
and  after  partial  starvation, 

Baring  the  first  two  days  the  amount  of  bile  fluid  and  solids  secreted  was 
very  nearly  the  same.  The  amount  of  dry  food  consumed  was  also  nearly 
alike. 

.  On  the  28th,  bread,  milk,  and  water  were  withheld.  It  was  intended  to  give 
the  usual  allowance  of  tripe,  but  as  it  could  not  be  obtained,  liver  was  given 
instead.  On  this  day  the  amount  of  fluid  bile  fell  to  104*8  grammes,  as 
compared  with  140  grammes  on  the  two  previous  days,  but  the  bile  solids 
rose  to  about  a  half  more  than  they  had  previously  been.  This  was  almost 
wholly  due  to  increase  of  the  organic  constituents  of  the  bile;  for  it  will  be  seen 
from  the  Table  that  the  bile  salts  (inorganic  solids)  were  scarcely  at  all  in- 
creased. July  29th  453  grammes  of  water  were  given  without  any  dry  food. 

The  quantity  of  fluid  bile  secreted  was  only  41*6  grammes,  less  than  a 
third  of  the  quantity  on  the  days  previous  to  starvation.  The  amount  of  bile 
solids  was  2*77  grammes,  rather  more  than  a  half  of  the  quantity  secreted 
during  the  first  period,  while  the  inorganic  constituent  of  the  bile  fell  to 
0*40  gramme,  less  than  a  half  of  the  amount  during  the  first  period.  On 
the  30th  of  July  it  was  intended  that  the  animal  should  return  to  the  diet 
of  July  27th,  but  the  tripe  was  accidentally  withheld.  The  amount  of  fluid 
bile  rose  on  that  day  to  85*7  grammes,  bile  solids  to  5*11  grammes,  and 
bile  salts  to  0*87  gramme.  Although  the  dry  food  consumed  on  this  day 
was  hardly  one-fifth  of  what  it  was  on  July  26th,  the  amount  of  bile  solids 
and  salts  was  almost  the  same.  On  July  31st  the  partial  starvation  was 
discontinued ;  the  animal  consumed  the  same  amount  of  dry  food  as  on  July 
26th,  with  nearly  a  fourth  more  water.  The  fluid  bile  on  that  day  reached 
a  quantity  33*1  grammes  above  what  it  was  on  the  26th,  when  the  same 
quantity  of  food  was  given,  while  the  amount  of  bile  solids  and  salts  was  nearly 
doubled.  It  is  difficult  to  account  for  this  marked  increase  in  the  biliary 
secretion  when  the  full  diet  was  again  given.  During  the  whole  experiment 
the  animal  was  in  excellent  health,  and  lost  only  0*9  kilogramme  in  weight. 

The  preceding  observations  are  sufficient  to  show  that  the  biliary  secretion 
is  greatly  influenced  by  the  great  amount  of  food  consumed,  and  it  permits  of 
the  inference  that  diminution  in  the  biliary  secretion  observed  in  the  case 
of  dog  8  under  the  influence  of  corrosive  sublimate  may  have  been  due  to 
impaired  appetite.  The  same  explanation  cannot  apply  to  the  diminution  in 
the  biliary  secretion  observed  in  the  case  of  dog  7  on  June  17  (see  Table  XO.) ; 
for,  as  has  been  previously  pointed  out,  on  that  day  the  animal  took  more  foid 
than  it  had  done  on  many  previous  days  on  which  it  had  secreted  a  larger 
amount  of  bile. 

On  the  whole,  therefore,  the  legitimate  conclusion  seems  to  be  that  mercury, 
when  administered  so  as  to  impair  the  general  nutritioD,  lessens  the  biliary 
secretion.  This  may  result  without  impairment  of  the  appetite;  but  when 
there  is  a  diminished  consumption  of  food,  the  failure  in  the  biliary  secretion 
is  all  the  more  marked. 

Conclusions  regarding  the  Oholagogue  Action  of  Mercury, 

The  foregoing  observations  seem  to  us  clearly  to  show  that  Pil.  Hydrargyri, 
calomel,  and  corrosive  sublimate,  when  given  to  dogs  in  either  small,  gradually 
augmented,  or  in  large  doses,  do  not  increase  the  biliary  secretion ;  they  do  not 
even  influence  it  so  long  as  neither  purgation  nor  impairment  of  health  are 
produced,  but  they  diminish  it  as  soon  as  they  do  either  or  both.     It  may  be 
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urged  that,  although  wo  have  proved  this  regarding  dogs,  it  does  not  follow 
that  on  man  these  drugs  will  have  the  same  action.  It  must  he  admitted 
that  some  animals  are  altogether  insensible  to  remedies  which  produce  power- 
ful effects  on  others,  that  different  doses  are  often  requisite  to  occasion  similar 
results,  and  that  there  may  be  peculiarities  so  very  decided  as  to  render  it 
impossible  to  infer  what  will  be  the  action  of  a  remedy  on  one  animal  from  its 
influence  upon  another.  But  have  we  any  reason  to  conclude  that  in  the  pre- 
sent instance  there  exists  such  difference  in  the  action  of  mercury  as  to  prevent 
any  inforence  being  drawn  from  the  dog  regarding  man?  All  the  facts  with 
which  we  are  acquainted  show  that  it  is  legitimate  to  infer  that  the  action  of 
mercury  ought  to  be  regarded  as  similar  in  both  cases.  We  have  demon- 
strated that,  as  regards  its  action  upon  the  salivary  glands,  mouth,  intestine, 
appetite,  and  general  nutrition,  the  influence  of  mercury  is  the  same.  We  there- 
fore infer  that  it  is  in  the  highest  degree  probable  that  its  action  on  the  hepatic 
secretion  will  also  be  the  same.  The  only  difference  that  there  seems  to  be  be- 
tween the  dog  and  man,  as  regards  the  action  of  mercury,  consists  in  the  fact 
that  in  the  dog  larger  doses  are  generally  required  to  produce  the  same  effects 
as  those  observed  in  man.  But  even  here  it  may  be  argued  that  more  marked 
results  are  required  to  satisfy  the  observer,  and  hence  the  greater  dose  neces- 
sary. These  circumstances,  therefore,  cannot  be  held  as  affecting  the  conclu- 
sion at  which  we  have  arrived. 

We  have  not  deemed  it  worth  our  while  to  experiment  upon  any  other 
animal,  for  we  are  unable  to  see  how  such  experiments  could  materially 
strengthen  our  position.  Even  though  we  had  shown  that  mercury  when 
given  to  a  rabbit,  cat,  pig,  donkey,  or  horse  diminishes  the  biliary  secretion, 
it  might  still  be  said  that  this  does  not  apply  to  man.  But  there  are  several 
special  reasonswhich  render  experiments  on  these  animals  either  impracticable 
or  less  reliable  than  those  on  the  dog.  Bidder  and  Schmidt  failed  to  establish 
biliary  fistulas  in  cats,  we  therefore  thought  it  not  worth  our  while  to  spend 
money  and  time  in  making  tho  attempt.  Horses  and  donkeys  are  too  un- 
wieldy for  the  purpose  and  havo  no  gall-bladders,  a  peculiarity  which  would 
in  all  probability  render  it  impossible  to  establish  biliary  fistula)  in  them.  In 
pigs  the  hepatic  secretion  differs  from  that  of  man,  inasmuch  as  it  contains 
hyocholic  acid,  and  according  to  Strecker  no  sulphur.  It  might,  therefore,  not 
unfairly  be  objected  to  any  inferences  from  experiments  on  pigs  that,  inasmuch 
as  the  porcine  differs  from  the  human  hepatic  secretion,  it  could  not  be  held  as 
altogether  probable  that  mercury  would  influence  both  in  the  same  wayr 
Everything  seems  to  show  that  the  animals  used  by  the  Committee  are  those 
best  suited  for  the  observations  they  have  made.  In  addition  to  the  thera- 
peutical facts  previously  mentioned,  which  after  all  are  the  most  important, 
there  are  these,  that  the  qualitative  composition  of  canine  is  the  same  as  that 
of  human  bile,  and  that  the  dog,  like  man,  can  be  fed  on  a  flesh,  vegetable,, 
or  mixed  diet.  In  this  respect  they  are  superior  to  most  others,  even  to  the 
Quadrumana,  which  though  in  conformation  most  resembling  man  are  vege- 
table feeders.  So  far,  therefore,  as  direct  experiment  and  exact  observations 
are  capable  of  determining  the  influence  of  mercury  upon  the  biliary  secretion, 
the  Committee  have  no  doubt  that  the  dog  is  superior  to  the  animals  above 
mentioned. 

But  it  may  be  supposed  that  mercurials  possess  some  specific  power  of  ex- 
citing the  biliary  secretion  by  acting  on  tho  orifice  of  the  common  bile-duct, 
and  so  stimulating  the  secretion  through  the  nerves  which  connect  it  with  the 
liver,  just  as  pyrethrum  or  vinegar  stimulates  the  salivary  glands  when  they  are 
applied  to  the  orifices  of  the  -salivary  ducts.     It  might  aleo  be  objected  that, 
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inasmuch  as  in  our  experiments  the  common  bile-duct  had  been  divided,  the 
nerves  alluded  to  might  have  been  so  injured  that  stimulation  of  the  orifice  of 
the  common  bile-duct  could  no  longer  excite  the  secretion.  It  remains  to  be 
shown,  however,  that  mercurials  do  specially  excite  the  orifice  of  the  bile-duct. 
It  is  not  probable,  at  any  rate,  that  their  influence  on  the  biliary  secretion  was, 
in  the  cases  of  dogs  6,  7,  and  8,  prevented  by  division  of  hepatic  nerves.  In 
these  experiments  the  common  bile-duct  was  simply  divided  with  as  little 
injury  to  neighbouring  parts  as  possible  (in  previous  experiments  a  portion 
of  the  bile-duct  was  removed),  and  these  animals  did  not  suffer  in  the  least 
from  the  shock  after  the  operation ;  so  that  nervous  injury  could  not  have 
been  extensive.  Moreover,  in  the  case  of  dog  7,  the  parts  around  the  com- 
mon bile-duct  were  dissected  after  death,  and  the  nerves  proceeding  from  the 
solar  plexus  to  the  liver  were  found  at  some  distance  from  the  duct,  and  had 
apparently  suffered  no  injury  at  the  place  where  it  had  been  divided.  The 
Committee,  therefore,  do  not  attach  any  value  to  this  objection. 

But  some  may  say  that  although  we  have  proved  that  mercury  diminishes 
the  biliary  secretion  in  dogs  and  that  in  man  its  action  will  in  all  probability 
be  the  same,  yet  our  experiments  have  been  performed  on  animals  in  a  state 
of  health,  and  that  had  they  been  made  on  dogs  with  diseases  such  as  those 
in  which  mercury  has  been  supposed  to  increase  the  hepatic  secretion,  it  would 
possibly,  in  the  case  of  such  dogs,  have  been  increased.  With  such  an  hypo- 
thesis we  need  not  seriously  occupy  ourselves  until  the  objectors  prove  that, 
in  any  case  whatever,  mercury  can  increase  the  biliary  secretion  in  man. 

We  have  been  unable  to  discover  any  facts  brought  to  light  in  this  or  any 
other  age  which  prove  that  mercury  stimulates  the  biliary  secretion.  So  far 
as  we  can  make  out,  the  notion  that  it  does  so  originates  in  some  vague 
statement  made  by  Paracelsus*,  or  the  authors  of  his  time,  as  to  the  good 
effects  of  mercury  in  what  ho  has  called  "icteritia."  But,  we  repeat,  not 
only  do  we  not  know  how  such  a  notion  has  arisen,  but  we  are  ignorant 
how  to  make  direct  observations  on  the  subject  in  man.  We  have  already 
stated  that  such  observations  are,  in  the  present  state  of  physiological  che- 
mistry, impossible  (see  p.  187).  We  do  not  deny  the  possibility  of  mercury 
being  useful  in  some  diseases  of  the  liver ;  we  simply  say  that  the  notion 
of  its  doing  good  by  increasing  the  biliary  secretion  is  untenable. 

Observations  on  Podophylline  and  Taraxacum  as  Cholagogujs. 

Before  concluding  our  observations  on  dogs  with  biliary  fistulaB,  the  Com- 
mittee thought  it  would  be  important  to  try  the  effect  of  two  other  drugs 
which  have  been  supposed  to  exercise  a  cholagogue  influence  on  the  liver, 
viz.  podophylline  and  taraxacum. 

Observations  with  Podophylline. 

Dog  9  was  a  retriever,  about  throe  years  old,  weighing  26*6  kilogrammes, 
and  the  operation  for  biliary  fistula?  was  performed  upon  July  24, 1868.  The 
recovery  was  rapid.  Shortly  after  the  operation  the  faeces  were  clay- 
coloured.  Table  XVII.,  p.  225,  shows  the  results  of  the  bile  collections  pre- 
vious to,  during,  and  after  the  administration  of  podophylline. 

*  Paracelsus  (Aur.  Phil.  Theoph.),  Opera  Medico-Chemica,  3  torn.  4to,  Franoof.  1603- 
1605.    Be  Icteritiis,  toL  i.  p.  329. 
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On  August  7th  and  8th  the  bile  was  collected  to  ascertain  the  normal 
secretion  previous  to  the  exhibition  of  the  drug.  On  the  ninth  day  2  grains 
of  Resina  Podophylli  (prepared  by  Messrs.  Gardner  and  Ainslie,  druggists, 
Edinburgh)  were  given.  Tbis  amount  did  not  produce  purgation.  The 
bile  was  collected  24  hours  after  the  dose  was  given,  and  it  was  found  that 
the  fluid  bile  had  risen  from  285*8  to  304*2  grammes,  but  the  solid  bile  had 
fallen  from  14-5  to  12*9  grammes.  On  the  10th  no  medicine  was  given.  On 
that  day  the  fluid  bile  fell  somewhat,  while  the  solid  bile  rose.  On  the 
11th  4  grains  of  podophylline  were  given.  Decided  purgation  followed. 
A  marked  diminution  in  the  fluid  and  solid  bile  was  the  result — the  fluid 
bile  fell  from  287  to  2032  grammes,  the  bile  solids  from  13-31  to  10-85 
grammes.  On  the  12th  no  medicine  was  given :.  the  fluid  bile  rose  to  238*2 
grammes,  while,  strange  to  say,  the  bile  solids  fell  to  6*62  grammes.  On 
the  13th  6  grains  of  podophylline  were  given.  Decided  purgation  followed. 
The  fluid  bile  fell  to  151*2,  the  bile  solids  to  4  grammes.  On  the  14th 
no  medicine  was  given,  and,  notwithstanding  the  purgation,  the  dog  was  in 
excellent  health.  On  the  14th  the  fluid  bile  rose  to  238-4,  the  bile  solids 
to  12*87  grammes. 

These  observations  clearly  show  that  in  this  case  podophylline,  when  it 
produced  purgation,  diminished  the  biliary  secretion.  This  decrease  cannot 
be  accounted  for  by  diminution  in  the  amount  of  food  taken.  Certainly 
such  an  explanation  might  be  advanced  to  account  for  the  fall  in  the  quan- 
tity secreted  on  the  11th,  but  it  cannot  possibly  apply  to  the  great  fall  upon 
the  13th. 

Little  attention  need  be  paid  to  the  increase  in  the  bile  fluid  on  the  9th, 
when  2  grains  of  podophylline  were  given  without  purgation  resulting ;  for 
it  was  only  18*4  grammes,  whereas  on  the  8th  there  had  been  a  rise  of  12-8 
grammes  over  the  quantity  on  the  previous  day,  without  any  drug  having 
been  given ;  moreover,  on  the  9th  the  bile  solids  fell  to  a  decided  extent. 

The  observations  recorded  in  Table  XVIII.  p.  225,  were  made  on  dog  7, 
after  he  had  regained  his  health. 

The  bile  was  collected  for  five  days  previous  to  the  exhibition  of  podo- 
phylline. On  one  of  these  (August  8)  the  dog  had  a  smart  attack  of  dysen- 
tery ;  on  that  day  the  solid  and  fluid  bile  was  much  below  what  it  was 
on  any  other  day  of  the  period — another  evidence  of  the  lowering  influence 
of  purgation  upon  the  biliary  secretion. 

On  August  15th  8  grains  of  podophylline  were  given;  it  produced 
profuse  purgation,  and  so  weakened  the  animal  that  it  staggered  when  it 
walked.  The  bile  was  collected  24  hours  after  the  dose  was  given  ;  both 
fluid  and  solid  bile  had  undergone  a  great  diminution.  It  is  curious  to 
observe  that  the  purgation  produced  by  the  podophylline,  although  it  was 
accompanied  by  a  diminished  consumption  of  food,  did  not  lessen  either  the 
fluid  or  solid  portions  of  the  bile  to  the  extent  effected  by  the  attack  of 
dysentery^^N^ugh  the  latter  was  accompanied  by  comparatively  slight 
fr^  >njeral  health  and  appetite.     Throughout  the  observations 

~  ices  were  of  a  slate-colour. 

discontinued  owing  to  the  weakness  of  the  animal. 
"  in  Table  XIX.  p.  227,  were  made  on  dog  5  after 


VK 


*  ****  ,   jg^  \two  days,  August  23rd  and  24th,  to  ascertain 

1605.    D*-^i$^^  \-ust  25th  and  26th  6  grains  of  Resina  Podo- 

sioned  decided  purgation.     The  effect  on 
On  the  day  preceding  that  on  which 
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the  first  dose  was  given  the  fluid  bile  was  220-9  grammes,  bile  solids  1,0-42 
grammes ;  on  the  following  day  the  fluid  bile  was  154-5  grammes.  After 
the  second  dose  the  fluid  bile  was  150  grammes,  the  bile  solids  1-95  gramme. 
The  next  day  (27th)  no  medicine  was  given,  and  the  fluid  bile  rose  to  297 
grammes,  and  the  bile  solids  to  11-99  grammes,  most  conclusively  showing 
that  doses  of  podophylline  which  produce  purgation  diminish  the  fluid  and 
solid  constituents  of  the  bile. 

Table  XIX. — Second  Series  of  Observations  on  Dog  6.  Daily  amount  of 
Bile  secreted  before,  during,  and  after  Podophylline  and  Taraxacum  were 
given. 

13  3  A  6 


Weight 

Amount 

of  food,  in 

Quantity  of  bile 
accreted  in  24 

Date. 

dog. 

grammes. 

hours. 

Observations. 

Kilogs. 

Water. 

Milk. 

Bread. 

Spleen. 

Fluid 
j  bile. 

Bile 
solids. 

Bile 

salt*. 

1868. 
Aug.  33. 

14-7 

566 

566 

225*6 

906-8 

gnns. 

282-8 

gnna. 
11-56 

grots. 
3D 

Dog  in  good  health,  though  rather  lean, 
races  semisolid. 

„     24. 

•■ 

n 

»i 

n 

M 

220-9 

10-42 

2*84 

Dog  in  good  health,  though  rather  lean, 
Fepoes  semisolid. 

„     26. 

•• 

» 

» 

n 

t* 

154-5 

4-20 

1-58 

6  grains  Beaina  Podophylli  given  20  hoars 
previous  to  the  collection  of  bile.  Pro- 
fust  purgation. 

„     26. 

14* 

!» 

n 

n 

M 

150 

1-95 

0*52 

6  grains  Besina  Podophylli  given  23  hoars 
prerioas  to  this  collection  of  bile.    De- 

n    27. 

t» 

r* 

t* 

tt 

297 

11-99 

8-21 

cided  purgation* 
No  medicine  given. 
60  grains  solid  extract  of  taraxacum  given 

24  hours  before  this  collection  of  bile. 

n      28J 

.. 

n 

n 

*> 

8421 

396 

10-21 

2-42 

No  purgation. 

n      29. 

14 

t| 

n 

n 

906*8 

340 

9-36 

2-12 

60  grains  solid  extract  of  taraxacum  given 
24  hours  before  this  collection  ofbile. 

No  purgation. 

n     50. 

.. 

tt 

tt 

tt 

it 

Lost 

.. 

.. 

No  medicine  given. 

n      31. 

.. 

n 

it 

tt 

>t 

Lost 

No  medicine  given. 

Sept    1. 

tt 

tt 

w 

317 

9-42 

2-46 

No  medicine  given. 

-       * 

•  • 

m 

tt 

tt       j       n 

355*5 

10-61 

8-02' 

No  medicine  given. 

»       3.|, 

14-3  1 

tt 

»t 

tt       1       n 

298         0*53 

2-27  | 

No  medicine  given. 

Note.— As  the  weight  of  the  dog  and  the  amount  of  food  eaten  by  it  were  so  constant  in  this  case,  we 
have  not  thought  it  necessary  to  calculate  the  amount  of  bile  secreted  per  kilogramme  weight  of  dog,  or 
per  100  grammes  of  food  consumed. 

Observations  urith  Extract  of  Taraxacum. 

After  dog  5  had  had  a  day's  rest  from  the  action  of  podophylline,  60 
grains  of  solid  extract  of  taraxacum  were  given  24  hours  previous  to  the 
collection  of  bile  on  August  28th ;  on  that  day  the  fluid  bile  rose  to  the 
extent  of  99  grammes,  but  the  bile  solids  fell  to  the  extent  of  1-78  gramme. 
Next  day  the  same  dose  was  repeated ;  the  fluid  bile  fell  to  the  extent  of 
56  grammes,  the  bile  solids  to  the  extent  of  0-85  gramme.  Neither 
produced  any  eifect  upon  the  bowels.  After  this  no  more  medici 
given.  The  bile  was  unfortunately  lost  on  August  30th  and  3f 
to  slipping  of  the  apparatus ;  on  the  three  following  days  thj 
fluid  bile  fluctuated  greatly.  On  September  2nd  it  was  355; 
a  larger  quantity  than  that  secreted  during  the  24  " 
dose  of  the  taraxacum  was  given ;  on  that  day  also 
amount  of  bile  solids  secreted  was  greater  than  oi 
which  taraxacum  was  given.     It  is  therefore  eyy^ 

did  not  increase  the  solid  constituents  of  th^  ,  ^K 

probable  that  the  large  amount  of  fluid  bile^  -v,  and  on  the 

jf  bile  secreted  per 
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due  to  other  causes.  On  September  2nd,  when  no  taraxacum  was  given, 
the  bile  rose  to  the  extent  of  38-5  grammes  over  the  amount  on  the  previous 
day,  and  on  September  3rd  it  fell  to  the  extent  of  57*5  grammes  without  any 
assignable  cause.  On  the  whole,  therefore,  it  seems  that  taraxacum  exercised 
no  influence  upon  the  biliary  secretion.  On  September  3rd  the  observations 
were  discontinued,  as  the  margins  of  the  fistula  had  become  much  ulcerated. 
Taraxacum  was  also  given  to  dog  7,  which  had  been  the  subject  of  the 
observations  recorded  in  Tables  XII.,  XIII.,  XVL,  and  XVIII.,  which  had 
recovered  his  health. 

Table  XX. — Fifth  Series  of  Observations  on  Dog  7.     Daily  amount  of  Bile 
secreted  before  and  during  the  administration  of  Extract  of  Taraxacum. 


Date. 

Weijht 
dog. 

Amount  of  food,  in 
grammes. 

Quantity  of  bile 

secreted  in  24 

hours. 

Observations. 

Kiloga 

Water. 

Milk. 

Bread. 

Tripe. 

Fluid 
bile. 

Bile 
solids. 

Bile 
salts. 

1868. 
Aug.  26. 
»    27. 

»    28. 

„    29. 

„    30. 

„    81. 

8ept.  2. 

M       8. 

n       8. 

„      9. 
h    10. 

„  u. 

29-4 
29-5 

29;3 

292 
81*2 

81 

846 

n 

M 

m 

662 
846 

n 
f» 
i» 

664 
»» 

»» 
n 
n 

»♦ 
»• 

M 

n 

225-6 

n 
n 

u 

tt 
n 
it 
n 

M 

n 

1363-6 

M 
tt 

»l 

None. 
1863-6 

M 
tt 

tt 

grins. 
192 
176 
214 

188 

151 

140 

212-2 

168 

261-1 

169-4 

180-6 

169 

grms. 

8-63 
10-52 

8-93 

9*64 

9-99 
8-43 

12-9 
8-04 

1217 
8-61 
8-84 

9-12 

grms. 
2-10 
2-36 
1-94 

212 

2*45 
1-64 
3-76 
2*51 
8-21 
2-61 
1-98 

2-31 

Dog  in  excellent  health.    Fasces  solid. 

Dog  in  excellent  health.    Fisoes  solid. 

60  grains  solid  extract  of  taraxacum  given 
twenty-four  hours  before  this  collection 
of  bile.    No  purgation. 

120  grains  solid  extract  of  taraxacum 
given  twenty-fours  before  this  collec- 
tion of  bile. 

1  No  medicine  given.    Dog  in  excellent 
f    health. 

120  grains  solid  extract  of  taraxacum  given 
twenty-four  hours  before  this  collection 
of  bile.    No  purgation. 

240  grains  solid  extract  of  taraxacum 
given  twenty-four  hours  before  this  col- 
lection of  bile.  No  purgation.  Dog  in 
excellent  health. 

After  the  bile  had  been  collected  for  two  days  60  grains  of  solid  extract  of 

taraxacum  were  given  ;   twenty-four  hours  afterwards  (August  28)  the  fluid 

bile  rose  to  the  extent  of  38  grammes,  while  the  bile  solids  fell  to  the  extent 

of  1*69  gramme.     Next  day  (29)  120  grains  were  given,  and  the  fluid  bile 

fell  to  the  extent  of  26  grammes,  while  the  bile  solids  rose  to  the  extent  of 

0-71  gramme  as  compared  with  the  previous  day.     These  doses  had  no  effect 

upon  the  bowels.     After  this,  the  bile  was  collected  for  five  consecutive  days, 

on  which  no  medicine  was  given;  on  one  of  these  days  (September  1)  the 

bile  was  lost  owing  to  slipping  of  the  apparatus.     On  September  2  the 

fluid  bile  reached  a  figure  very  nearly  as  high  as  it  had  attained  during  the 

administration  of  taraxacum,  and  the  bile  solids  were  higher  than  they  had 

ever  been  on  any  of  the  previous  days.     On  September  4  the  apparatus  was 

left  off  owing  to  ulceration  of  the  skin ;  on  September  7  it  was  reapplied, 

and  the  bile  was  collected  on  the  four  subsequent  days.     The  large  quantities 

°«*ained  (September  8)  the  first  of  these  days  need  not  be  paid  attention 

to ;  iv  ^ag  m0st  probably  due  to  escape  of  bile  pent  up  in  the  bile-ducts, 

owing  to* he  canula  not  having  been  used  during  the  previous  four  days. 

Twenty-four  h ours  previous  to  the  collection  on  the  10th,  120  grammes  of 

solid  extract  of  taraxacum  were  given ;   on  that  day  the  fluid  bile  rose  to 
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the  extent  of  11*2  grammes,  and  the  bile  solids  to  the  extent  of  0*23  gramme. 
Next  day  240  grains  were  given,  and  the  fluid  bile  fell  to  the  extent  of  21*6 
grammes,  while  the  bile  solids  rose  to  the  extent  of  0*38  gramme.  These 
doses  produced  no  effect  upon  the  bowels.  The  faeces  were  always  solid. 
The  dog  was  in  most  excellent  health  when  these  observations  were  discon- 
tinued. 

•  The  observations  recorded  in  Table  XX.  show,  even  more  conclusively  than 
those  recorded  in  Table  XIX.,  that  taraxacum  did  not  influence  the  biliary 
secretion  in  any  way  whatever. 

Results  of  the  Observations  recorded  in  Tables  XYIL,  XVIII.,  XIX., 

and  XX. 

1.  Doses  of  podophylline,  varying  from  2  to  8  grains,  when  given  to  dogs 
diminished  the  solid  constituents  of  the  bile,  whether  they  produced  purga- 
tion or  not. 

2.  Doses  which  produced  purgation  lessened  both  the  fluid  and  solid  con- 
stituents. 

3.  During  an  attack  of  dysentery  both  the  fluid  and  solid  constituents  of 
the  bile  were  greatly  lowered. 

4.  Doses  of  the  solid  extract  of  taraxacum,  varying  from  60  to  240  grains, 
affected  neither  the  biliary  secretion,  the  bowels;  nor  the  general  health  of 
the  animal. 

Influence  op  Purgation  upon  the  Biliary  Secretion. 

The  observations  of  the  Committee  conclusively  show  that  purgation  pro- 
duced by  a  variety  of  causes  diminished  both  the  fluid  and  solid  constituents 
of  the  biliary  secretion.  Spontaneous  diarrhoea  (Table  X.),  dysentery, 
(Table  XVIII.),  and  purgation  produced  by  Pil.  Hydrargyri  (Table  X.,  and 
non-tabulated  observations  on  dog  7,  see  p.  214),  by  calomel  (Table  X.), 
by  corrosive  sublimate  (Table  XI.),  and  by  podophylline  (Tables  XYIL, 
XVIII.,  and  XIX.)  always  diminished  the  solid  constituents  of  the  bile,  and 
with  one  exception  (see  July  29,  Table  X.)  the  fluid  portion  of  the  bile  also. 
That  purgation  diminishes  the  biliary  function  of  the  liver  is  one  of  the  most 
important  facts  established  by  the  Committee.  It  is,  however,  nothing  more 
than  what  might  have  been  expected,  seeing  that  purgation  drains  the  portal 
blood  from  which  the  bile  is  almost  entirely  formed. 

Relation  of  Biliary  Secretion  to  Consumption  of  Food. 

The  observations  of  the  Committee  show  that  the  relation  between  the 
biliary  secretion  and  the  amount  of  food  consumed  is  by  no  means  such  a 
close  one  as  Bidder,  Schmidt,  Arnold,  and  others  have  supposed.  On  looking 
at  the  collections  of  bile  in  the  healthy  animal  previous  to  the  administration 
of  drugs,  it  will  frequently  be  seen  that  while  eating  the  same  food,  and 
without  there  being  any  apparent  disturbing  cause,  such  as  diarrhoea,  &c, 
the  amount  of  bile  was  nearly  a  half  (Tables  II.  and  III.)  and  even  four- 
fifths  less  (Table  VIII.)  than  on  previous  and  subsequent  days.  Further,  it 
was  frequently  observed  that  although  the  amount  of  food  consumed  varied 
greatly  the  secretion  of  bile  was  remarkably  constant.  In  Table  XI.  are 
observations  which  illustrate  this  fact.  During  three  days  of  perfect  health 
the  animal  secreted  very  nearly  a  constant  amount  of  bile  fluid  and  bile  solids,* 
although  the  amount  of  food  varied  greatly.  Thus  on  the  first  day  it  took 
73*7  grammes  of  dry  food,  on  the  second  day  it  took  14-16,  and  on  the 
third  day  62-37  grammes ;  on  these  days  the  amount  of  bile  secreted  per 
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100  grammes  of  dry  food  was  on  the  first  day  5*64  grammes,  on  the  second 
day  30*4  grammes,  and  on  the  third  day  6*9  grammes.  The  observations 
recorded  in  Table  XVI.  show,  however,  that  the  biliary  secretion  was  in  the 
case  of  dog  7  greatly  influenced  by  the  amount  of  dry  food ;  it  will  there  be 
seen  that  the  amount  of  bile  secreted  was  greatly  diminished  by  starvation. 
It  therefore  appears  that  the  biliary  secretion  is  in  some  cases  greatly  in- 
fluenced by  the  amount  of  food  taken,  while  in  other  cases  it  is  not  influenced 
atall. 

Relation  between  Biliaet  Secretion  and  Weight  op  Animal. 

The  close  relation  supposed  to  exist  between  the  amount  of  the  biliary 
secretion  and  the  size  or  weight  of  the  animal  has  not  been  supported  by  the 
observations  of  the  Committee.  The  amount  of  bile  secreted  for  every  kilo- 
gramme weight  of  dog  varied  greatly  in  different  cases,  as  the  following 
Table  shows. 

Table  XXI. — Average  amount  of  Bile  secreted  per  Kilogramme  Weight  of 
the  Dogs  observed  by  the  Committee  before  drags  were  administered. 


No.  of  dog. 

fluid  bile. 

Bile  solids. 

Dosr  1 

grms. 
6-47 
7-82 
6-27 
5-76 
353 

21-8 

20-66 
4-64 
9-24 

10-2 

grm. 
0-412 
028 
0-34 
0-293 
0146 
0-801 
0818 
023 
0305 
0-58 

*\ 

„    2 

„    3 

„    4 

„    5 

„    6 

„    7 

„    8 

„    9....„... 

The  foregoing  Table  gives  the  per  kilogramme  biliary  secretion  only  when 
the  dogs  were  healthy,  and  not  subjected  to  the  action  of  drugs.  The 
Table  shows  how  fallacious  are  the  calculations  which  have  been  made  re- 
garding the  human  biliary  secretion,  from  observations  upon  dogs,  by  Bidder 
and  Schmidt.  We  at  one  time  thought  that  the  large  secretion  in  the  case 
of  dog  5  might  be  due  to  the  fact  that  it  ate  liver  instead  of  muscle  like  the 
other  dog  9;  it  secreted  nearly  as  much  bile,  however,  when,  instead  of 
liver,  it  ate  spleen.  Moreover,  such  an  explanation  could  not  be  offered  in 
the  case  of  dog  6,  which  secreted  nearly  as  much  bile  per  kilogramme  as 
dog  5.  This  dog  was  fed  on  a  diet  the  same  as  that  given  to  dogs  1,  2,  3, 
and  4,  so  that  no  peculiarity  in  the  nature  of  the  diet  can  be  alleged  as  the 
cause  of  the  large  secretion  in  the  case  of  dog  6.  Nor  can  the  quantity  of 
food  it  took  have  been  the  cause ;  for  the  animal  secreted  more  bile  per  100 
grammes  of  dry  food  than  any  other  dog  under  the  observation  of  the 
Committee.  Seeing,  then,  that  in  the  case  of  dog  6  neither  the  food  nor  the 
size  of  the  animal  can  at  all  account  for  the  amount  of  bile  secreted,  we 
must  look  for  the  cause  elsewhere.  One  member  of  the  Committee  sug- 
gested that  perhaps  the  amount  of  bile  secreted  may  have  a  closer  relation 
to  the  size  of  the  liver  than  to  the  size  of  the  animal.  Unfortunately  this 
idea  did  not  occur  until  after  dog  6  was  killed,  so  that  its  liver  was  not 
weighed ;  but  there  is  this  much  to  be  said,  that  dog  6  was  a  young  dog  (six 
months'  old) ;  and  we  know  that  in  young  animals  the  liver  is  larger  in  pro- 
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portion  to  the  rest  of  the  body  than  it  is  in  more  advanced  age.  To  ascer- 
tain whether  or  not  there  be  anything  in  this  idea  would  require  observations 
to  be  made  on  dogs  of  various  sizes  and  ages.  The  biliary  secretion,  amount 
and  nature  of  food,  and  weight  of  the  animal  would  require  to  be  observed 
for  three  or  four  days ;  the  animal  ought  then  to  be  immediately  killed  and 
its  liver  weighed,  and  calculations  based  on  such  data.  It  is,  however, 
improbable  that  the  size  of  the  liver  determines  the  amount  of  the  biliary 
secretion ;  the  great  variation  which  we  frequently  observed  in  the  secre- 
tion from  day  to  day  in  the  same  animal  is  opposed  to  such  an  idea. 

Effect  of  the  loss  of  Bile  upon  the  Health  of  the  Animal. 

Although  an  animal  may  live  in  perfect  health  for  a  considerable  time 
without  any  bile  passing  into  its  alimentary  canal,  it  would  appear,  from  the 
observations  of  all  who  have  experimented  on  the  subject,  that,  even  when 
a  fistula  has  been  established  without  accident,  the  health  sooner  or  later 
begins  to  suffer.  Emaciation  comes  on,  and  death  results  from  inanition. 
Much  depends  on  the  strength  of  the  animal,  which,  when  vigorous,  usually 
preserve  their  health. 

Dog  7,  the  retriever  sent  us  by  Dr.  Kelburne  King  of  Hull,  had  the 
operation  for  biliary  fistula  performed  on  April  24,  1868.  Notwithstanding 
the  wearing  of  apparatus  for  collecting  the  bile  during  a  period  of  nearly 
two  months,  partial  poisoning  with  corrosive  sublimate,  purgation  with 
podophylline,  and  dosing  with  taraxacum,  the  animal  was  on  the  11th  of 
September,  1868,  when  our  observations  terminated,  as  strong  as  it  was 
before  the  fistula  was  made ;  and  so  far  from  exhibiting  any  signs  of  emacia- 
tion, it  had  gained  nearly  4  kilogrammes  (8*8  pounds)  in  weight  during  the 
five  months  it  lived,  without  a  drop  of  bile  passing  into  the  intestines.  Suoh 
a  case  favours  the  view  of  Blondlot  and  Arnold,  as  to  the  inutility  of  the 
bile  for  the  purposes  of  digestion.  It  is  in  itself  quite  sufficient  to  show 
that  the  entrance  of  bile  into  the  alimentary  canal  is  not  essential  for  the 
health  of  the  animal,  and  supports  the  idea  that  the  bile  is  a  secretion 
destined  to  be  little  more  than  a  mere  excretion. 

Effect  of  Muscular  Movements  upon  the  Flow  of  the  Bile. 

It  was  frequently  observed  that  when  the  dogs  were  taken  out  of  their 
cages,  in  which  their  movements  were  much  circumscribed,  and  allowed  to 
run  about,  that  during  the  first  half  hour  or  so  of  their  increased  movement 
the  amount  of  bile  discharged  by  the  fistula  was  greatly  augmented.  This 
was  in  all  probability  due  to  the  bile  being  more  rapidly  expelled  from  the 
hepatic  ducts  by  the  pressure  upon  the  liver  of  the  contracting  abdominal 
muscles,  which  must,  when  in  action,  compress  the  liver  like  a  sponge,  and 
so  expel  its  contained  fluid.  This  fact  is  valuable  in  serving  to  show  that 
exercise  may  have  an  important  influence  upon  the  liver.  It  further  points 
out,  however,  how  utterly  fallacious  must  the  results  have  been  had  we 
endeavoured  to  estimate  the  daily  secretion  of  bile  from  collections  made 
during  a  few  minutes  at  a  time,  such  as  were  made  by  Bidder  and  Schmidt, 
regarding  which,  however,  we  have  previously  expressed  our  opinion. 

It  is  unnecessary  to  dwell  upon  the  importance  of  the  results  which  the 
Committee  have  taken  so  much  pains  to  arrive  at.  If  the  refutation  of  a 
widespread  error  be  as  important  as  the  establishment  of  a  new  truth,  the 
practical  advantage  of  demonstrating  that  mercury  is  not  a  cholagogue  can- 
not be  too  highly  estimated.    Although  in  recent  times  the  administration  of 
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mercurials  for  hepatic  diseases  has  greatly  diminished,  their  employment  is 
still  very  general,  and  in  India  almost  universal.  Recent  cases  demonstrate 
that  long-continued  salivation  and  great  loss  of  health  have  been  produced 
in  the  attempt  to  remove  old  abscesses  or  other  chronic  diseases  of  this  organ, 
and  there  are  few  of  its  lesions  in  which  it  is  still  not  thought  advisable  to 
try  small  or  full  doses  of  the  drug. 

On  this  subject,  however,  it  is  unnecessary  to  dwell  at  present ;  the  real 
question  is,  whether  the  evidence  is  satisfactory,  or  whether  further  re- 
searches are  necessary.  On  this  end  many  other  topics  connected  with 
therapeutics,  what  we  require  are  not  unfounded  assumptions  and  vague  spe- 
culations, but  positive  knowledge  based  on  unquestionable  data ;  these  we 
have  furnished,  and  consider  them  amply  sufficient  to  demonstrate  the  fallacy 
of  the  opinions  everywhere  prevalent  as  to  the  cholagogue  action  of  mercury. 

It  would  be  vain  attempting  to  convey  an  adequate  idea  of  the  great  la- 
bour, wearisome  repetition  of  observations,  numerous  disappointments,  and 
loathsome  manipulations  which  have  tested  the  zeal,  endurance,  and  courage 
of  Drs.  Rutherford  and  Oamgee,  on  whom  the  entire  labour  of  the  experi- 
ments devolvtyl. 

The  difficulties  and  expense  have  been  greatly  increased  by  the  want  of  a 
proper  locality  for  carrying  on  such  investigations,  and  by  the  necessity  of 
combating  the  well-meaning  but,  we  humbly  think,  mistaken  notions  of  those 
who  maintain  that  physiologists  are  not  justified  in  experimenting  on  animals, 
even  with  the  objects  of  determining  more  accurately  the  use  of  poisonous 
drugs  and  of  preserving  the  life  of  man.  A  very  different  doctrine  might 
have  been  expected  to  exist  in  a  great  University  like  that  of  Edinburgh ;  but 
its  Senatus,  led  astray  by  the  reasoning,  we  regret  to  say,  of  an  influential 
member  of  the  Medical  Faculty,  unquestionably,  by  its  resolutions,  greatly 
added  to  the  toil  and  annoyance  of  the  Committee's  proceedings.  On  the 
other  hand  our  warmest  thanks  are  due  to  Mr.  Nunneley  of  Leeds,  to  Dr.  Eel- 
burne  King  of  Hull,  and  Dr.  Andrew  Buchanan  of  Glasgow,  for  their  kind 
assistance  in  forwarding  animals  to  us. 


Last  Report  on  Dredging  among  th^  Shetland  Isles. 
By  J.  Gwyn  Jeffreys,  F.R.S. 

This  was  my  eighth  expedition  to  the  northern  extremity  of  our  seas,  and 
occupied  the  whole  of  the  summer.  It  was  not  so  successful  as  those  in  some 
previous  years,  owing  to  the  stormy  state  of  the  weather.  While  my  friends 
in  England,  Wales,  Ireland,  and  Scotland  were  enjoying  calm  sunshine,  our 
climate  was  exactly  the  reverse ;  and  the  persevering  course  of  the  wind 
(from  north-west  to  south-west)  prevented  our  doing  much  at  sea.  This 
part  of  the  North  Atlantic  is  notoriously  subject  to  broken  weather,  it  being 
the  point  where  the  warm  air  induced  by  the  Gulf-Btream  and  westerly 
winds  meets  the  cold  air  brought  down  by  the  arctic  current.  The  fauna  of 
the  Shetland  waters,  however,  is  by  no  means  exhausted.  Every  expedition 
has  produced  novelties,  not  only  in  the  Molluscs,  but  in  all  other  depart- 
ments of  marine  zoology. 

On  the  present  occasion  I  obtained,  at  a  depth  of  120  fathoms,  a  living 
specimen  and  a  larger  dead  one  of  a  fine  species  of  Pleurotoma,  P.  carinata 
of  Bivona.  It  was  originally  described  as  a  Calabrian  fossil ;  Jan  and  Bel- 
lardi  have  given  it  from  the  Upper  Tertiaries  of  North  Italy,  the  former  un- 
der the  name  of  Funis  modiolus ;  and  Searles  Wood  records  a  single  specimen 
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having  been  found  in  the  Coralline  and  another  in  the  Red  Crag.  Professor 
Sars  and  Mr.  M*  Andrew  dredged  a  few  specimens  off  the  coasts  of  Norway ; 
and  the  former  gave  some  interesting  particulars  of  the  animal,  which  I 
have  been  able "  to  confirm  by  my  own  observation. ,  Although  allied  to  P. 
nivalis,  and  found  in  the  same  locality,  it  has  distinct. eyes  placed  on  rather 
prominent  stalks  or  ommatophores,  whereas  P.  nivalis  has  no  eyes  nor  any 
trace  of  eye-stalks.  On  this  account  Sars  proposed  the  generic  name  Typhlo- 
mangelia  for  the  latter  species ;  but  it  must  be  borne  in  mind  that  Eulima 
stenostoma  is  also  eyeless,  and  yet  is  closely  related  to  its  congeners  and  com- 
panions, all  of  which  have  very  conspicuous  eyes.  It  is  a  somewhat  remark- 
able coincidence  that  the  shell  of  E.  stenostoma  resembles  a  large  Achatina 
adcula,  which  is  in  the  same  category  as  regards  these  so-called  organs  of 
sight.     The  shells  of  P.  carinata  and  P.  nivalis  are  easily  distinguishable. 

Among  the  rarer  and  more  noteworthy  mollusks  procured  this  year  were 
the  following : — 

Montacuta  tumidula,  St.  Magnus  Bay  and  near  Fetlar.  Described  by  me 
from  the  Hebrides  in  the  Reports  of  the  Association  for  1866. 

M.  donacina,  S.  Wood.  A  single  valve  from  deep  water  in  St.  Magnus 
Bay.  Another  valve  had  been  dredged  by  me  at  Falmouth  in  1839.  It  is  a 
rare  Coralline  Crag  fossil.     Its  nearest  ally  is  M.  substriata. 

Utriculus  globosus,  Loven.  A  small  living  specimen  occurred  this  year 
also  in  St.  Magnus  Bay. 

U.  expansus,  Jeffr.     A  few  young  specimens  again  in  St.  Magnus  Bay. 

Odostomia  Warreni,  Thompson.  Never  having  seen  this  shell  in  a  fresh 
and  perfect  state,  I  considered  it  (Brit.  Coneh.  iv.  p.  143)  a  variety  of  0. 
obliqua.  But  the  discovery  of  live  specimens  in  St.  Magnus  Bay  and  near 
Fetlar  enables  me  to  separate  the  two  as  distinct  species.  0.  Warreni  has  a 
shorter  spire  and  more  swollen  whorls  than  0,  obliqua,  the  suture  is  deeper, 
the  striae  are  much  stronger  at  the  base  of  the  shell,  the  whole  surface  is  covered 
with  most  delicate  and  close-set  microscopic  spiral  lines,  and  the  umbilicus 
is  well  developed  and  deep.  The  animal  of  0.  Warreni  has  a  peculiar  foot ; 
this  is  not  plain  and  rounded  at  its  extremity,  as  in  0.  obliqua,  but  is  deeply 
bilobed  or  forked  like  the  tail  of  a  swallow.  No  other  species  of  Odostomia, 
so  far  as  I  am  aware,  has  a  similar  foot.  One  individual  spun  a  fine  gluti- 
nous thread  from  the  middle  of  the  foot,  and  kept  itself  suspended  for  some 
time  from  the  surface  of  the  water,  with  the  point  of  the  shell  downwards.  I 
found  a  dead  specimen  of  0.  obliqua  on  the  same  ground  with  0.  Warreni. 

0.  umbilicaris,  Malm.  A  young  specimen  from  St.  Magnus  Bay,  nearly 
globular,  and  thus  exhibiting  the  same  distinctive  characters  as  the  adult. 

Siphonodentalium  Lofotense  and  Gadulus  (or  Loxoporus)  subfusiformis  were 
again  found,  the  former  being  more  widely  distributed.  Both  inhabit  the 
Mediterranean ;  and  the  latter  is  a  Sicilian  and  Viennese  fossil.  I  had  an 
excellent  opportunity  of  observing  them  alive  and  in  active  motion.  The 
thread-like  and  extensile  organs  by  which  the  Solenoconchia  seize  their  prey 
are  unlike  the  tentacles  of  any  Gastropod,  and  their  function  is  quite  dif- 
ferent. I  would  call  these  organs  captacida,  an  appropriate  word  and  not  less 
classically  formed  than  tentacula. 

Leda  pemula  was  dredged,  as  before,  in  St.  Magnus  Bay ;  but  with  it  was 
a  dead  and  apparently  semifossil  valve  of  Tellina  calcaria.  I  must  therefore 
hesitate  in  considering  the  one  more  than  the  other  recent  or  an  inhabitant 
of  the  British  seas  at  the  present  time. 

Perhaps  Lamellaria  prodita,  Loven,  may  be  added  to  the  list ;  but  unfor- 
tunately the  specimen  was  handled  too  roughly,  and  the  shell  was  crushed  to 
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pieces.    Its  extraordinary  size  (considerably  more  than  an  inch  in  length) 
and  the  depth  (110  fathoms)  at  which  it  was  dredged  deserve  notice. 

Being  in  the  south  of  Europe  last  winter  I  had  an  opportunity  of  examin- 
ing Mediterranean  and  Adriatic  shells ;  and  the  result  greatly  surprised  as 
well  as  interested  me.  The  dredgings  of  Capt  Acton  (the  Commandant  of  the 
Italian  navy)  in  the  Gulf  of  Naples,  and  the  extensive  collections  of  Dr.  Tiberi 
at  Portici,  General  Stefanis  at  Naples,  Herr  Weinkauf  from  Algeria,  and 
of  Dr.  Brusina  at  Zara,  especially  yielded  a  vast  quantity  of  new  material 
for  a  comparison  of  the  marine  testacea  of  the  north  and  south  of  Europe. 
Many  of  the  species  having  been  described  (some  insufficiently)  under  dif- 
ferent names,  the  difficulty  of  identification  is  considerable ;  but  there  is  no 
doubt  that  a  remarkable  concordance  exists,  and  to  a  great  extent,  between 
the  mollusca  which  inhabit  the  deeper  parts  of  the  Atlantic  and  Mediterranean 
seas  from  62°  to  36°  N.  lat.  The  littoral  kinds  differ  much  more — a  cir- 
cumstance which  may  have  been  occasioned  by  climatal  conditions.  To  ex- 
emplify the  former  proposition  I  subjoin  a  list  of  76  species,  usually  considered 
northern,  which  are  common  to  the  North  Sea  and  the  Mediterranean,  with 
their  principal  synonyms. 

Kames  of  Species,  Synonyms. 

Terebratula  caput-serpentis,  Linni. 

Argiope  lunifera,  PhiUppi   Terebratula  cistellula,  Searles  Wood. 

Crania  anomala,  Miiller   Anomia  turbinata,  Poli. 

Peoten  septemradiatus,  Mull.  ......  Ostrea  inflexa  and  O.  clavata,  PoU. 

P.  araiufl,  Gmelin P.  Bruei,  Payraudeau. 

P.  Testae,  Bivona » P.  furtivue,  Loven. 

P.  striatus,  MUM. 

P.  Hoskynsi,  Forbes. P.  imbrifer,  Lov. 

P.  vitreus,  Chemnitz P.  Gemellarii-filii,  Biondi. 

P.  simili8,  Laskey P.  pygmeeus,  von  Minister. 

Lima  Sarsii,  Lov. Perhaps  L.  crassa,  Forbes. 

L.  elliptic*,  Jeffreys. 

L.  Bubauriculata*  Montagu. 

Pinna  rudis>  L. P.  pectinata  of  some  authors,  not 

Mytilus  phaseolinus,  Ph.  of  IAnni. 

Modiolana  discors,  L. 
Nucula  nitida,  G.B.Sowerby. 

N.  tenuis,  Mont.    N.decipiens, Ph.\  N. ©geensis, Forb. 

Leda  pyernsea,  v.  Munst. 

Area  obhqua,  Ph. A.  Korenii,  DanieUsen, 

A.  nodulosa,  Mull.    A.  scabra,  Poli;  A.  aspera.  Ph. 

Lepton  nitidum,  Turton. 
Montacuta  ferruginoea,  Mont. 
Lucina  borealis,  X. 
Axinus  Croulinensis,  •&#*; 
Cyamium  minutum,  Fubrieius. 

Cardium  minimum,  Fh C.  suecicum,  Lov. 

ABtarte  sulcata,  Da  Costa    Tellina  fusca,  Poll 

Lucinopsis  undata.  Pennant    Venus  incompta,  Ph. 

Tellina balthica,  L. » . .  T.  rubiginosa,  Poti. 

T.  pusilla,  Ph. 

"    Scrobicularia  nitida,  MiUL Syndesmya  intermedia.  Thompson. 

Lyonsia  Norvegicja-C^.    Pandorina  coruscans,  Scacchi. 

Thracia  convexa,  W.  Wood T.  ventricosa,  Ph. 

Neara  rostrata,  Gjpenyler N.  attenuate,  Forb. 

Xylophaga  dorsahs,  Twrt. 

Siphonodentalium  Lofotense,  Sars. 

S.  quinquangulare,  Forb Dentalium  variabile,   Costa  (Faun. 

Nap.),not  ofDeaAoyw;  S.  penta- 

gonum,  Sars. 
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Names  of  Species.  Synonyms, 

Cadulus  subfusiformis,  Sars. 
Chiton  Hanleyi,  Bean, 
C.  cancellatus,  O,  B.  Sow, 

C.  cinereus,  X C.  asellus,  Sp, 

C.  leevis,  Mont C.  corallinus,  Bisso, 

Tectum  virginea,  Mull, 
Propilidium  ancyloides,  Forb, 

ScissureUa  crispata,  Fleming S.  aspera,  Ph,,  var. 

Trochus  cinerarius,  X.,  var.  variegata. 

Riasoa  reticulata,  Mont, R.  Beanii,  Hanley. 

R.  cimicoides,  Forb R.  sculpta,  Forbes  8f  Haney,  not  of 

R.  Zetlandica,  Mont,  Philippi, 

R.  abyssicola,  Forb, 

R.  parva,  Mont,,  and  var.  interrupta  R.  obscura  and  R.  simplex,  Ph, 

R.  inconspicua,  Alder, 

R.  albella,  Lov, R.  Oenensis,  Brusina. 

R.  vitrea,  Mont. 

Jeflreysia  diaphana,  Aid, Rissoa  P  glabra,  Ald,f  not  of  Brown. 

J.  opalina,  dejfr, 

Scalaria  Trevelyana,  Leach, 

Aclis  Walleri,  Jeffr, 

Odostomia  clavula,  Lov, 

O.  albella,  Lov, 

O.  umbilicaris,  Malm. 

O.  conspicua,  Aid. 

O.  Scilla3,  Scacchi, 

O.  nitidissima,  Mont, 

Eulima  bilineata,  Aid, 

Natica  catena,  Da  C.    Probably  Nerita  helicina,  Brocchi, 

Velutina  la3vigata,  Perm, 

Cerithium  metula,  Lov,   Mediterraneanj./We  Hanley, 

Purpura  lapillus,  X. 

Trophon  Morchi,  Malm   Bela  demersa,  Tiberi, 

Bulla  utriculus,  Brocchi B.  Cranchii,  Leach, 

Philine  acabra,  Mull.    Bulltea  angustata,  Biv. 

Aplasia  punctata,  Cuvier A.  hybrida,  J.  Sowerby, 

Spinalis  retroversus,  Fl, Scsea  stenogyira,  Ph,  j  oceanic. 

Clio  pyramidata,  X. Oceanic. 

How  is  this  concordance  to  be  accounted  for  ?  I  have  carefully  read  again 
Forbea's  elaborate  essay  "  On  the  Connexion  between  the  distribution  of  the 
existing  Fauna  and  Flora  of  the  British  Isles,  and  the  Geological  changes 
which  have  affected  their  area,  especially  during  the  epoch  of  the  Northern 
Drift "  (Memoirs  of  the  Geological  Survey  of  Great  Britain,  vol.  i.  1846)  ;  but 
I  cannot  find  in  it  a  satisfactory  solution  of  the  question.  He,  indeed,  men- 
tions the  continuance  of  some  "  arctic  "  species  in  the  British  seas,  the  rest 
having  "  retired  for  ever,"  and  that  certain  other  species  which  he  called 
"  Boreal  or  Celtic  "  occurred  in  a  fossil  state  in  Sicily ;  and  he  states  (p.  390) 
that  "  in  the  deepest  of  the  regions  of  depth  in  the  JEgean  "  the  same  repre- 
sentation of  a  northern  fauna  as  exists  in  our  own  seas  is  maintained,  "  partly 
by  identical  and  partly  by  representative  forms."  The  instances  he  gives  do 
not  support  such  a  view ;  and  I  am  not  a  believer  in  "  representative  forms." 
He  evidently  was  not  aware  of  the  fact  that  boreal  (not  arctic)  species  still 
live  in  the  Mediterranean.  I,  however,  fully  agree  with  him  that  at  some 
former  period  (which  he  designates  "  the  newer  pliocene  epoch  ")  there  was 
an  open  communication  between  the  Atlantic  (according  to  him  the  "  North 
Seas")  and  the  Mediterranean,  by  which  the  fauna  became  diffused.  I 
should  be  inclined  to  place  the  Atlantic  point  of  communication  at  Bordeaux, 
and  that  of  the  Mediterranean  at  Narbonno,  in  the  line  of  the  Languedoc 
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Canal,  which  extends  from  one  coast  to  the  other,  and  is  very  little  ahove 
the  present  level  of  the  sea.  This  communication  must  have  been  very  wide ; 
and  it  remained  open  during  the  glacial  epoch,  which  affected  not  only  the 
north  of  Europe,  but  also  Naples,  Sicily,  and  probably  Rhodes.  Dr.  Tiberi 
showed  me  a  fine  valve  of  Pecten  Islandicus  which  had  lately  been  fished  up 
in  the  Gulf  of  Naples  at  a  depth  of  50  fathoms,  and  with  it  a  valve  of 
P.  opercularis  quite  as  large  as  northern  specimens ;  both  the  valves  were  in 
a  semifossil  state,  and  the  former  was  covered  with  the  same  Greenland  species 
of  Spirorbis  (S.  cancellatus,  Fabr.)  as  I  noticed  on  valves  of  P.  Islandicus 
dredged  in  the  Shetland  seas  at  depths  varying  from  75  to  170  fathoms. 
Sir  Charles  Lyell  has  not  adverted,  in  the  last  edition  of  his  *  Principles  of 
Geology/  to  the  remarkable  occurrence  of  such  glacial  fossils  in  the  Shetland 
sea-bed,  to  which  I  called  the  attention  of  geologists  in  my  former  Reports 
as  well  as  in  the  second  volume  of  '  British  Conchology,'  p.  58 ;  and  he 
seems  to  have  overlooked  the  observations  of  Philippi  and  Seguenza  on 
the  fossils  of  Calabria  and  Sicily,  when  he  stated  (Princ.  Geol.  i.  p.  298)  that 
"  deposits  filled  with  arctic  species  of  marine  shells  are  to  be  seen  in  full  force 
on  the  North  American  continent  ten  or  more  degrees  further  south  than  in 
Europe."  Possibly  he  was  misled  by  one  of  Forbes's  conclusions  (Rep.  Geol. 
Surv.  p.  402),  that  "  no  glacial  beds  are  known  in  Southern  Europe."  This, 
however,  was  more  than  twenty  years  ago.  I  have  myself  identified  from 
the  Calabrian  and  Sicilian  deposits  several  high-northern  shells  (e.  g.  Tere- 
bratuln  cranium,  T,  septata,  Lima  excavata,  Mytilus  modiolus,  Cyprina  Islan- 
dica,Mya  truncata,  var.  Uddevallensis,  Saxicava  Norvegica,  Puncturella  Noa- 
china,  Emarginula  crassa,  Buecinum  undatum,  and  Nutica  ajfinis  or  clausa), 
and  from  the  Rhodian  deposits  TerebratuJa  septata  and  Lima  Sarsii. 

My  old  companion,  Mr.  Waller,  picked  up  on  the  beach  in  a  small  bay  on 
the  west  coast  of  Shetland  a  shell  of  Spirula  austral  is.  It  is  a  tropical 
Cephalopod,  and  is  not  unfrequently  thrown  up  by  the  waves  on  the  southern 
and  western  shores  of  England,  Wales,  and  Ireland,  together  with  exotic 
species  of  Teredo,  lanthina,  and  Hyahva  brought  from  southern  latitudes. 
Dr.  Morch  informs  mo  that  several  shells  of  the  Spirida  have  this  year,  been 
found  in  the  Faroe  Isles.  The  transport  of  such  tropical  productions  to 
northern  latitudes  has  been  usually  attributed  to  the  Gulf-stream.  It  now, 
however,  appears  more  probable  that  this  is  the  consequence,  not  of  the  direct 
action  and  course  of  the  Gulf-stream,  but  of  the  prevalence  of  westerly  and 
south-westerly  winds,  which  waft  onwards  to  northern  latitudes,  in  a  north- 
erly and  north-easterly  direction,  the  floating  objects  carried  to  a  certain 
distance  by  the  Gulf-stream.  The  direct  course  of  the  Gulf-stream  has  not 
been  observed  further  north  than  about  45°  N.  lat. ;  from  that  point  it  would 
seem  to  dwindle  into  a  north-easterly  surface  drift.  A  chart  will  shortly  be 
published  by  the  Admiralty  in  explanation  of  this  view  of  the  case  ;  and  the 
following  papers  on  the  subject  ought  to  be  consulted  by  physical  geographers : 
— Dr.  Stark  "  On  the  Temperature  of  the  Sea  around  the  coasts  of  Scotland 
during  the  years  1857  and  1858,  and  the  bearing  of  the  facts  on  the  theory 
that  the  mild  climate  of  Great  Britain  during  winter  is  dependent  on  the 
Gulf-stream  "  (Trans.  R.  S.  Edin.  1859),  and  Capt.  Thomas's  tables  and  re- 
marks in  Mr.  Alex.  Buchan's  Report  "  On  the  Temperature  of  the  Sea  on 
the  Coast  of  Scotland  *'  (Journ.  Scottish  Meteor.  Soc.  Oct.  1865).  See  also 
'  Br.  Conch.'  vol.  i.  (In trod.)  pp.  xcviii  and  xcix. 

I  will  add  a  short  summary  of  the  observations  recorded  in  my  Reports  on 
Shetland  dredgings  and  in  the  work  last  cited. 

1.  The  bathymetrical  zones  have  been  too  much  divided  by  Risso  and  sub- 
sequent authors.  There  are  two  principal  zones,  littoral  and  submarine  ;  the 
nature  of  the  habitat  and  the  supply  of  food  influence  the  residence  and  mi- 
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gration  of  animals,  not  the  comparative  depth  of  water.     Psammobia  costu- 
lata  and  Buccinum  undatum  are  instances  in  support  of  this  proposition. 

2.  Specimens  or  varieties  of  the  same  species  are  larger  in  the  littoral  and 
laminarian  zones  than  in  deeper  water :  e.  g.  Mactra  solida  and  its  variety 
elliptica,  Solecurtus  candidus,  Pandora  incequivalvis  and  its  variety  obtusa  or 
pinna,  Chiton  lams,  Tectura  virginea,  Trochus  zizyphinus,  Pleurotoma  laevi- 
gata, and  Philine  aperta. 

3.  The  size  of  North-European  specimens  is  usually  greater  than  that  of 
South-European  specimens  of  the  same  species,  e.  g.  Pectm  septemradiatus, 
P.  opercularis,  Lima  hians,  Mytilus  Adriaticus,  Isocardia  cor,  Astarte  sulcata, 
Venus  exoleta,  V,  lincta,  Tellina  balaustina,  Chiton  Hanleyi,  Tectura  virginea, 
Natica  Alderi,  Defrancia  teres,  D.  purpurea,  and  Bulla  utriculus. 

4.  The  colour  of  specimens  from  the  greatest  depths  is  not  less  vivid  than 
of  those  from  shallow  water,  although  each  zone  has  colourless  specimens. 
Venus  ovata,  Trochus  zizyphinus,  Turritella  terebra,  and  Eulima  bilineata  may 
be  mentioned  as  examples.  This  was  lately  confirmed  by  a  great  authority, 
Professor  Sars,  who  has  given*  numerous  instances  in  illustration  of  it,  founded 
on  his  son's  dredgings  at  depths  varying  from  250  to  300  fathoms  among 
the  Loffoden  Isles.  The  recent  investigations  of  Dr.  W.  B.  Carpenter  and  Pro- 
fessor Wyville  Thomson  in  the  North  Atlantic,  by  means  of  the  dredge,  at 
much  greater  depths  show  also  that  the  shells  there  procured  (e.  g.  Venus  ovata 
and  Columbella  hali&eti)  were  highly  coloured  and  variegated.  In  the  '  Bul- 
letin of  the  Museum  of  Comparative  Zoology  '  at  Harvard  College,  Cambridge, 
U.S.,  for  1808,  will  be  found  an  interesting  paper  by  Count  L.  F.  Pourtales, 
entitled  "Contributions  to  the  Fauna  of  the  Gulf-stream  at  great  depths." 
He  says  that  at  the  greatest  depths  which  he  explored,  reaching  to  517  fathoms, 
"  the  prevailing  colours  are  white,  pink,  sometimes  playing  into  orange,  and  a 
pale  green.  Blue  was  only  seen  in  a  small  encrusting  sponge."  And  he 
further  remarks  that  "  the  deep-sea  animals  have  generally  well- developed 
eyes,  larger,  if  anything,  than  those  of  their  congeners  of  shallow  water." 

5.  Mollusca  inhabiting  deep  water  have  a  larger  supply  of  oxygen  for  the 
aeration  of  their  gills  than  those  which  live  in  shallow  water.  See  my  account 
of  Columbella  haliaeti. 

6.  The  occurrence  of  the  same  species  in  the  North  Sea  and  the  Mediter- 
ranean results  partly  from  former  geological  or  cosmical  conditions,  and  partly 
from  a  communication  which  once  existed  between  the  Bay  of  Biscay  and  the 
Gulf  of  Lyons. 

7.  Oceanic  or  floating  shells  of  exotic  species  are  carried  northwards  by  west- 
erly winds,  and  not  directly  by  the  Gulf-stream,  which  does  not  reach  our  coasts. 

8.  Land  and  freshwater  mollusca  are  scarce  in  Shetland,  owing  to  the 
scantiness  of  succulent  vegetation  for  their  food,  and  of  lime  for  the  con- 
struction of  their  shells.  These  are  smaller  than  southern  specimens ;  and 
the  same  fact  is  observable  with  respect  to  Shetland  insects. 

9.  Semifossil  shells  of  arctic  species  (such  as  Pecten  Islandicus,  Tellina 
calcaria,  Mya  truncata,  var.  Uddevallensis,  JSdolleria  costuhta,  Trochus  cinereus, 
and  Trophon  clathratus)  are  met  with  on  the  sea-bottom  at  considerable 
depths,  and  at  some  distance  from  land.  The  only  explanation  I  can  offer  is 
a  former  elevation  of  the  sea-bed  whereon  these  mollusks  lived  (and  which 
was  probably  in  shallow  water),  its  conversion  into  dry  land,  and  a  subsequent 
subsidence.     Perhaps  the  sea-bed  is  still  sinking. 

10.  Species  recorded  from  the  Coralline  Crag  and  earlier  deposits,  and  sup- 
posed to  be  extinct,  have  now  been  discovered  living  in  the  Shetland  seas ; 
e.  g.  Limopsis  aurita,  Pleurotoma  carinata,  and  Columbella  haliceeti.    Possibly 

*  Videnuk.-Seisk.  Forhandlinger  for  1868,  pp.  27  &  28. 
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Trochus  amabilis  is  another  case,  assuming  that  it  originated  from  Margarita  ? 
maculata  of  Searles  Wood. 

Professor  Dickie  has  been  good  enough  to  report  on  some  Diatoms  from 
the  insides  of  a  quantity  of  Echinus  Norvegicus,  which  were  dredged  at  a  depth 
of  78  fathoms  about  forty  miles  from  the  east  coast  of  Shetland.  He  says 
they  are  chiefly  Navicula  didyma,  Coscinodiscus  excentricus,  O.  minor,  Acti- 
nocyclus  undulatus,  and  Mdosira  sulcata,  with  fewer  of  M,  nummulo'ides  and 
Nitzschia  angularis,  all  marine ;  also  a  few  freshwater  Oocconema  lanceolatum, 
SurireUa  minuta,  and  fragments  of  a  Pinnularia.  And  he  adds  that  long  ago 
he  recorded  the  occurrence  of  freshwater  Diatomaceae  mixed  with  marine 
species  from  the  stomachs  of  Ascidice  taken  in  deep  water  off  Aberdeen.  The 
freshwater  Diatoms  must  evidently  have  been  carried  by  a  stream  into  the  sea, 
and  transported  by  the  tide  to  the  place  where  they  sunk  to  the  bottom,  and 
were  swallowed  by  the  indiscriminating  Echini  and  Ascidia?.  Diatoms  inhabit 
the  surface  only  of  the  water,  and  Olobigerina  and  other  Foraminifera  not  of 
a  fixed  or  sessilo  nature  have  been  observed  by  Major  Owen  and  myself 
to  float  when  alive  within  a  few  inches  from  the  surface.  Dr.  Wallich  found 
the  microscopic  organisms  which  he  called  coccospheres  "  profusely  in  a  living, 
or  perhaps  it  would  be  more  safe  to  say  a  recent,  condition  in  material  col- 
lected at  the  surface  of  the  open  seas  of  the  tropics."  Coccospheres  and  free 
Foraminifera  cover  the  bed  of  the  Atlantic  at  enormous  depths.  The  occur- 
rence, therefore,  of  such  organisms,  on  the  floor  of  the  ocean  at  such  depths 
does  not  prove  that  they  ever  lived  there.  I  should  rather  be  inclined  to 
believe  that  they  dropped  to  the  bottom  of  the  sea  when  dead  or  after  having 
passed  through  the  stomachs  of  other  animals  which  had  fed  on  them. 

A  few  small  fishes  were  caught  in  the  dredge  at  depths  of  from  90  to  100 
fathoms.  Dr.  Giinther  reports  that  they  belong  to  the  undermentioned  spe- 
cies:— Callionymus  maculatus  (Bonap.),  Gobius  Jeffreysii  (Giinth.),  young, 
Cyclopterus  lumpus  (L.),  young,  Lepadogaster  bimaculatus  (Penn.),  and 
Rhombus  Norvegicus  (Giinth.),  young.  He  remarks  that  the  last-named 
species  is  new  to  the  British  fauna,  having  been  hitherto  known  from  the 
coast  of  Norway  only. 

Mr.  Norman  will  report  on  the  Crustacea,  Tunicata,  Polyzoa,  Hydrozoa, 
Echinoderms,  Actinozoa,  and  Sponges,  Dr.  M'Intosh  on  the  Annelids,  and 
Mr.  Waller  on  the  Foraminifera. 

Mollusca  inhabiting  the  Shetland  Isles  and  the  adjacent  seas.     (See  Tables 
of  distribution  in  '  British  Conchology,'  vols,  i.-iv.) 


Name  of  Species. 
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Remarks  as  to  distribution 
and  synonymy. 

MARINE. 

Brachiopoda. 

Terebratula  cranium,  MUOer 

caput-serpentis,  Linni 
fTerebratella  Spitzbergensis,  Da- 
vidson . '. 

— 

— 

Vigo  (M* Andrew). 

Possibly  fossil. 

Possibly  fossil. 

Terebratula  ciatellula,  S.  Wood. 

Anomia  turbinate,  Poli. 

fRhynchonella  psittacea,  L 

Argiope  lunifera,  Philippi 

Crania  anomala,  MiiUer 
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4 
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Name  of  Species. 


Remarks  as  to  distribution 
and  synonymy. 


CONCHIFEBA. 

Anomia  ephippium,  L 

patelhformis,  L 

Ostrea  eaulis,  L 

Pecten  pusio,  L.  

opercularis,  L.    

septemradiatus,  AfiiU.    . 

faratus,  Gmdin   

tigrinus,  Midi.    

fTestae,  Bivona    

striatus,  Mull. 

fvitreus,  Chemnitz    

similis,  Laskey    

maximus,  L.  

tlima  Sareii,  Lov 

felliptica,  Jeffreys    

subauriculata,  Mont 

Loscombii,  G.  B.  Sowerby. 
Pinna  rudis,  L.     


Mytilus  edulis,  L.    

modiolus,  L.   

Adriaticus,  Lamarck . . . 

phaseolinus,  Ph. 

Modiolaria  marmorata,  Forbes   . 

discora,  L 

nigra,  Gray   

Crenella  decussata,  Mont.  

Nucula  nucleus,  L 

nitida,  G.  B.  Sow. 

tenuis,  Mont. 

Leda  pygnuea,  von  Munster  . . . 

minuta,  Mull. 

tpernula,  MuU. 

f  Limopaifl  aurita,  Broochi    


Pectunculus  glycymeris,  L. 
Area  pectunculoiaes,  Scacchi 

tobliqua,  Ph. 

tnodiuoaa,  MuU.  . . 

tetragons,  PoU    . . 

Lepton  nitidum,  Turton 

Clarkiae,  Clark 
Montacuta  substriata,  Mont. 
tdonacina,  8.  Wood 

bidentata,  Afon£ 
ttumidula,  Jeflr. 
ferruginosa,  Mont. 

Laassa  rubra,  Mont. 

Kellia  suborbicularis,  Mont. 

fcycladia,  8.  Wood 
Lucina  spirifera,  Mont.  . 
borealis,  L. 


P.  Bruei,  Payraudeau. 
P.  GemtUarii-jUii,  Biondi. 


P*pectmata  of  some  authors,  not  of 
Linne*. . 

Fossil  in  Calabria  and  Sicily. 


Possibly  fossil. 

Fossil  in  the  CoraHine  Crag,  and  in 
miocene  and  pliocene  beos  on  the 
Continent.  Perhaps  an  arctic 
species. 


A,  scabra,  Poli ;  A.  aspera,  Ph. 


A  Coralline  Crag  fossil. 


Coralline  Crag. 
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Name  of  Species. 

I 
1 

i 

o 
W 

Remarks  as  to  distribution 
and  synonymy. 

Axinus  flexuosus,  Mont 

?— 

— 

A.  pusiUus,  Sars. 

Fossil  at  Nice  and  in  Sicily. 

Probably  not  Venwvirginea  of  Linn6. 

Fossil  in  Sweden  and  Norway. 

Zetlandiconthe  authority  of  Forbes, 
and  Norwegian  on  that  of  M* An- 
drew. 

Boulder-clay  of  Caithness  (Peach). 

The  northern  and  deep-water  va- 
riety is  Solen  pinna  of  Montagu = 
F.  obtusa,  Leach. 

tCroulinensis,  Jeffr 

ferruginosus,  Forb 

Cyamium  minutum,  Fabricius  . . 

Cardium  echinatum,  X 

exiguum,  Gmelin 

fasciatum,  Mont 

nodosum,  Twrt 

edule,  X.    

minimum,  Fh 

Norvegicum,  Spengler  . . 
Isocardia  cor,  X. 

Cyprina  Islandica,  X 

Astarte  sulcata,  Da  Costa 

compressa,  Mont 

triangularis,  Mont 

Circe  minima,  Mont,    , 

Venus  exoleta,  X 

lincta,  Fulteney 

fasciata,  Da  0.     

Casina,  X 

ovata,  Fennant     

gallina,  X.     

Tapes  virgineus,  auct 

pullastra,  Mont 

Tapes  aecussatus,  X.    

Lucinopsis  undata,  Fenn.    

PGastrana  fragile,  X,    , 

TelllPa  "halAiistina,  X.  t . ,  , .  .  T  t ,  . 

crassa,  Fenn 

balthica,  X 

tenuis,  Da  C. 

fabula,  Gronoviu8    

donacina,  X 

pusilla,  Fh 

Psammobia  tellinella,  Lam 

costulata,  Turt 

Ferrbensis,  Ch 

Mactra  solida,  X 

subtruncata,  Da  C. 

stultorum,  X 

Lutraria  elliptica,  Lam 

Scrobicularia  prismatica,  Mont. . . 

nitida,  Mull. 

alba,  W.  Wood     . . 
Solecurtus  candidus,  Renter  .... 

antiquatus,  Full 

Solen  pellucidus,  Fenn 

ensis,  X 

siliqua,  X 

Pandora  ineDquivalvis,  X 

Digitized  by 


Google 


ON  DREDGING  AMONG  THE  SHETLAND  ISLES. 


241 


Name  of  Species. 

§ 
1 

B 

© 

Remarks  as  to  distribution 
and  synonymy. 

Lyonsia  Norvegica,  Ch 

— 

V 

Amphidesma  phaseolinayljam. 

Fossil  in  Sicily. 

Shetland    (W Andrew).  Fossil  in 
Sicily. 

Marseilles  (Matheron)  ;  Fossil  P 

Dredged  by  Capt.  Acton  in  the  Gulf 
of  Naples ! 

Fossil  in  Sicily. 

Fossil  in  Calabria  as  E.  decussata 

(Ph.),  and  in  Sicily  (Seguenza). 
Zetlandic  on  Forbes's  authority. 

Thracia  protenuis,  PuU 

papyracea,  Poli 

convexa,  W.  Wood    .... 

distorta,  Mont 

Poromya    granulate,    Nyst    and 
Westendorp 

Neffira  abbreviate,  Forb 

costellata,  Deshayes 

■frostrata,  Sp 

cuspidate,  Olivi   

CoTbula  giuba,  Oh   

Mya  truncate,  L.      . . , 

fPanopea  plicate,  Mont 

Saxicava  Norvegica.  Sp 

rugosa,  L 

Pholas  crispata,  L 

Xylophaga  dorealis,  Turt.  .' 

Teredo  Norvegica,  Sp 

megotara,  Hanley    

126 

110 

107 

SoLENOCONCHIA. 

Dentalium  entalis,  L 

4 

p 

3 

fabyssorum,  Sars    .... 
tSiphonodentalium  Lofotense,  Sars 
tCaaulus  subfusiformis,  Sars  .... 

4 

GASTROPODA. 

Chiton  fascicularis,  L 

Hanleyi,  Bean 

cancellatus,  Leach  ?     

cinereus,  L 

albus,  L 

marginatus,  Penn 

ruber,  Lowe 

he  vis,  Mont 

marmoreus,  Fabr.    

Patella  vulgate,  L 

Helcion  pefiucidura,  L.  

Tectura  testudinalis,  Midi. 

virginea,  Mull,   

fulva,  Midi.     

fl^epeta  ca3ca,  Mull. 

Propilidium  ancylo'ides,  Forb.    . . 

Puncturella  Noachina,  L 

Emarginula  fissura,  L 

crassa,  J.  Sowerby  . . 

PFissurella  graaca,  L 
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1 

-a 

S3 
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GO 

Remarks  as  to  distribution 
and  synonymy. 

CapuluB  Hungaricus,  X 

— 

— 

S.  aspera,  Pb.,  appears  to  be  the 
southern  form  or  variety. 

The  southern  form  is  the  variety 
variegata. 

Probably  arctic. 
Gulf  of  Gascony. 
Corunna  and  Vigo  (M' Andrew). 
Arcacbon  (Fischer). 
North  of  Spain,  and  Vigo ;  the  Me- 
diterranean localities  are  doubtful. 

Corunna  and  Lisbon  (M'Andrew) ; 

Algiers  (J.  W.  flower) ;  Adriatic 

(Brusina). 
Corunna  and  Lisbon  (M'Andrew) ; 

the  Mediterranean  and  Adriatic 

localities  are  doubtful. 

Gulf  of  Gascony  (Marquis  de  Fo- 
lin)  I 

Shetland,,/?*  Bailee. 

Adriatic,  as  H.  Oenensts  (Brusina). 

Shetland,,^*  Fleming. 
Shetland,^  Bariee. 
Turbo  stagnate,  L. 

Scissurella  cnspata,  Fleming  .... 
Cyclostrema  nitens,  Ph 

serpuloides,  Mont. . . 
Trochus  helicinus,  Fabr. 

Groenlandicus,  Ch 

tamabilis,  Jeffr. 

macros.  X. 

tumidus,  Mont. 

cinerarius,  X. 

Montacuti,  W.  Wood    . . 

milleffranus,  Ph, 

zizyphinus,  X 

occiaentalis,  Mighels 

Tdicnna  crassior,  Mont 

divaricatus,  Fabr. 

puteolus,  Ttwt 

pallidula,  Da  C. 

Littorina  obtusata,  X. 

neritoides,  X 

rudis,  Maton    

litorea,  X.     

Rissoa  reticulata,  Mont. 

cimicoides,  Forb 

t Jeflreysi,  Waller 

punctura,  Mont. 

abyssicola,  Forb 

Zetlandica,  Mont    

costata,  Adams    

parva,  Da  C.    

liiconspicua,  Aid. 

falbella,  Lov. 

membranacea,  Ad. 

violacea,  Desmarets    .... 
striata.  Ad. 

proxima,  Aid. 

vitrea,  Mont.    

soluta,  Ph 

semistriata,  Mont 

cingillus,  Mont.    

Hydrobia  ulvae,  Perm 

Jeffreysia  diaphana,  Aid.    

opalina,  Jeffr. 

globularis,  Jeffr. 

Skenea  planorbis,  Fabr. 

Homalogyra  atomus,  PA 

totti,F.$H. 

Cttcum  glabrum,  Mont. 
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Remarks  as  to  distribution 
and  synonymy. 

Turritella  terebra,  L. 

?  — 

— 

Dalmatia  (Brusina). 

Gulf  of  Naples  (Stefanis). 
Vigo  Bay  (M'Andrew). 

Gulf  of  Naples  (Tiberi  and  ActonY 
Dalmatia  (Brusina);  Sicily  (Tiberi). 
Dalmatia  (Brusina). 
0.  Novegrademis,  Brus. 

Gulf  of  Naples  (Acton). 

Loire-Lrfeneure  (Cailliaud). 

Brittany  (Cailliaud  and  Tasle> 

Dalmatia  (Brusina);  Naples  (Ste- 
fanis). 

Adriatic  (Stoesich). 

Gulf  of  Naples  (Stefanis) ;  Madeira 
and  Canaries  (M' Andrew). 

Adriatic  and  Mediterranean. 
Canary  Isles  (M'Andrew). 

E.  Philippii,  Weinkauff. 

Shetland,  fide    Forbes ;    Norway, 
fide  Loven  and  Danielssen. 
Adriatic  and  Mediterranean. 

Perhaps  N.fusca,  De  Blainville. 

Fossil  in  Sicily. 

Scalaria  Trevely  ana,  Leach 

clathratula,  Ad. 

Aclis  upif*a,  Mtmt-,    ,  f , , ,  T . . .  r . . 

ascaris,  Turt 

supranitida,  S.  Wood 

t  Walleri,  Jeffr. 

Guidon*?,  vL 

tOdoetomia  minima,  Jeffr.    

nivosa,  Mont 

clavula,  Lov. 

tLukisi,  Jeffr. 

falbella,  Lov.  . . .  „ 

pallida,  Mont.    

conoidea,  Brocchi .... 
tumbilicaris,  Mcdm    . . 

acuta,  Jeffr 

conspicua,  Aid. 

unidentata,  Mont 

turrita,  Hank    

insculpta,  Mont.    .... 
fdiaphana,  Jeffr. 

obliqua,  Aid.  ........ 

Warreni,  Thompson  . , 

indistincta,  Mont 

interstincta,  Mont.    . . 

spiralis,  Mont 

eximia,  Jeffr. ........ 

scalaria,  PL   . . 

rufa,  Ph 

Scillfle,  Scacchi 

acicula,  Ph 

nitidissima,  Mont 

StQifer  Turtoni,  Broderip 

Eulima  polita,  L. .  r 

intermedia,  Cantrame    . . 

distorta,  Desh.,  sec.  i%. . . 

tstenostoma,  Jeffr 

Psubulata,  Donovan 

bilineata,  Aid.    

Natica  Islandica,  Qm 

Groenlandica,  Beck. 

sordida,  Ph. 

catena,  Da  C.   

Alderi,  Forb 

Montacuti,  Forb 

Ljamellaria  perspicua,  Z*. 

Velutina  plicatilis,  Mull. 

laevigata,  Penn.    

■f  Torellia  vestita,  Jeffr. 

Trichotropis  borealis,  Bred.  fySow. 
Aporrhais  pes-pelecani,  L. 
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A 
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Remarks  as  to  distribution 
and  synonymy. 

Aporrhais  Macandrese,  Jeffr 

Ceritkium  metula,  Lov. 

perversum,  L 

Cerithiopsis  tubercularis,  Mont. . . 

Metaxa,  DeUe  Chiaje 

tcostulata,  MoUer    . . 

Purpura  lapillus,  L. 

— 

— 

Fossil  in  Sicily. 
Villafranca  (Hanley). 

Shetland,  fide  Barlee. 

Gulf  of  Lyons  (Martin).    Fossil 
in  Sicily  and  Calabria. 

Fossil  in  Sicily  and  Calabria. 

• 

An  embryo  capsule  only  in  Shet- 
land. 

Bay  of  Biscay. 

Arcachon  (Lafont)! 

Fossil  in   the  Sicilian  and  other 

tertiary  beds. 
Genus  Thesbia. 

The  variety  elongata  is  the  Shet- 
land form. 

Fossil  in  the  Coralline  Crag. 

Fossil  in  the  Vienna  basin,  Italy, 
and  the  Crag. 

North  of  France. 

Gulf  of  Naples  (Stefanis). 

Bay  of  Biscay  and  the  Adriatic. 
Utricxdopsis  vitrea,  Sars. 

Buccinum  undatum,  L.  

Humphreysianum, 

Bennett  .... 

Buccinopsis  Dalei,  J.  Sow 

Trophon  Barvicensis,  Johnston  . . 

truncatus,  Strom 

*FNlA114  antiflUUft,  Tjt  , , .  t . .  ,. 

Norvegicus,  Ch 

Turtoni,  Bean    

flslandicus,  Ch 

gracilis,  Da  C. 

propinquus,  Aid.    

Berniciensis,  King    

Nassa  reticulata,  L 

incrassata,  Str 

fColumbella  halia3eti,  Jeffr. 

nana,  iw 

Defrancia  teres,  Forb 

gracilis,  Mont 

Leufroyi,  Michaud .... 
linearis,  Mont 

freticulata,  Ren 

purpurea,  Mont 

Pleurotoma  costata,  Don 

brachystoma,  PA.    . . 
nebula,  Mont 

fnivalis,  Lov 

fcarinata,  Biv.  

turricula,  Mont 

Trevelyana,  Turt.    . . 

Marginella  Levis,  Don 

Cypraea  Europaea,  Mont 

Cyiichna  acuminata,  Brngu&re . . 

nitidula,  Lov 

umbilicata,  Mont 

cylindracea,  Penn 

falba,  Brovm 

Utriculus  mammillatus,  Ph 

truncatulus,  Brug.  .... 
obtusus,  Mont 

texpansus,  Jeffr.    

hvalinus,  Turt 

tglobosus,  Lov. 
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Remarks  as  to  distribution 
and  synonymy. 

Acera  bullata,  Mull.     

— 

— 

Shetland,,/?^  Barlee. 

Dalmatia  (Brusina). 

A.  hybrida,  J.  Sow. 
Diphyllidia  lineata,  Forbes  and  Han- 
ley  (not  of  Otto). 

Alder. 
D.fusca,  Miill. 

Norman. 
Norman. 

Peach. 

Norman. 

Norman.  N bt Doris peUucida,'Ri880. 

Norman. 

Alder. 

Norman. 

Norman. 

Acteeon  tornatilis,  L 

Bulla  utriculus,  Brocchi 

Scaphander  limarius,  L 

tlibrarius,  Lov 

Philine  scabra,  M till.   

catena,  Mont 

tangulata,  Jeffr 

quadrata,  S.  Wood 

punctata,  CI.    

pruinosa,  CI.    

fnitida,  Jeffr 

aperta,  L 

Aplysia  punctata,  Cuv 

Pleurophyllidia  Loveni,  Bergh  . . 

Doris  tuberculata,  Cuv 

Zetlandica,  Alder  $  Hancock 

Johnstoni,  A.  8f  H.    

repanda,  A.  $  H. 

?  muricata,  Miill. 

bilamellata,  L 

pilosa,  Mull.    

Goniodoris  nodosa,  Mont 

Triopa  claviger.  Midi. 

Polycera  quadrilineata,  Miill.     . . 

ocelfata,  A.  #  H.    

Ancula  cristata,  Aid.   

Idalia  Leachii,  A.  §  H. 

inaequalis,  Forb 

Tritonia  Ilombergi,  Cuv 

plebeia,  Johnst 

^Egirus  punctilucens,  UOrbiyny 
Lomanotus  marraoratus,  A.  ty  A. 
Dendronottis  arborescens,  Miill. . . 
Doto  fragilis,  Forb 

coronata,  Gm 

cuspidata,  A.  ty  II. ....... . 

Eolis  papillosa,  L 

coronata,  Forb 

rufibranchialis,  Johnst 

Landsburgi,  A.  fy  H. 

pellucida,  A.  8f  H. 

alba,  A.$  H. 

olivacea,  A.  §  H. 

pustulata,  A.  §  H.    

aurantiaca,  A.  fy  H. 

?  tricolor,  Forb 

picta,  A.  fy  H.    

despecta,  Johnst 

Hermaea  oifida,  Mont 

Embletonia     minuta,   Forbes    $ 
Goodsir 

Antiopa  cristata,  Delle  Ch 

Limapontia  nigra,  Johnst 

Melampus  bidentatus,  Mont 

223 

188 

140 
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in 

Remarks  as  to  distribution 
and  synonymy. 

Ptrropoda. 

~ 

— 

Coralline  Crag.     Perbaps  C.  cau- 
data  of  Linne"  and  Cleodora  com- 
pressa  of  Souleyet. 

Loven. 

Maclaurin. 

Maclaurin. 

L.  brunneus,  F.  &  H. ;  not  Drapar- 
naud's  species  of  tbat  name. 

L .  arborum,  Boucbard-Cbantereaux. 

tinfundibulum,  S.  Wood 

3 

2 

3 

Cephalopoda. 
Rossia  macrosoma,  Delle  Ch 

— 

— 

tpapillifera,  Jefr.,  sp.  n. 
Sepiola  Rondeleti,  Leach 

6 

5 

3 

LAND  AND  FRESHWATER. 

CONCHIFERA. 

Pigidium  nitidum,  Jenyns   

roseum,  Schottz    

— 

— 

2 

2 

2 

Gastropoda. 

Planorbis  nautlleus,  L,    

glaber,  Jeffr 

contortus,  L 

Limnsea  peregra,  Mull.    

truncatula,  MUU. 

— 

marginatus.  MUU.    

elegans,  Risso 

Vitrina  pellucida,  MiiU. 

Zonites  cellarius,  MiilL    

alliarius,  Miller 

Helix  nemoralis;Z.,  var.bortensis 

rotundata,  MUU.    

Pupa  umbilicata,  Draparnaud   . 

Cochlicopa  lubnca,  Miill.    

25 

}    22 

20 
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Summary. 


IS 


Remarks. 


Marine. 
Brachiopoda  .... 

Conchifera 

Solenoconchia   . . 
Gastropoda    .... 


Pteropoda  ....,....»,•... 
Cephalopoda 

Land  and  Freshwater. 

Conchifera 

Gastropoda    


6 
126 

4 
223 


6 

110 

4 

188 


4 
107 

3 
140 


8 
167 

5 
359 


8 
12 


368315 


2 
22 


260 

2 
20 


554 

15 
109 


The  last   figure   includes  111 
Nudibrancns. 


The  number  of  marine  species 
in  LoveVs  'Index '  of  Scandi- 
navian moUusca  is  345,  in- 
cluding 40  Nudibranchs. 


392339 


282 


678 


Obs.  The  Shetland  Nudibranchs  and  Cephalopoda  have  not  been  sufficiently 
investigated.  LoveVs  '  Index '  and  a  further  list  of  Swedish  Nudibranchs 
which  he  lately  sent  me  contain  60  species  of  that  order,  out  of  which  25 
only  have  been  identified  as  Zetlandic.  He  also  gives  9  species  of  Cephalo- 
pods,  of  which  5  only  are  Zetlandic.  The  southern  distribution  of  our  Nu- 
dibraDchs  is  very  little  known.  For  the  preparation  of  the  present  list  of 
Nudibranchs  I  am  in  a  great  measure  indebted  to  the  late  Mr.  Alder  and  to 
Mr.  Norman.  Forty-eight  species  of  mollusca  (marked  t)  have  been  discovered 
in  the  Shetland  seas  since  the  publication  of  Forbes  &  Hanley's  '  History  of 
British  Mollusca  and  their  Shells.' 


Shetland  Final  Dredging  Report. — Part  II.  On  the  Crustacea,  Tuni- 
cata,  Polyzoa,  Echmodermata,  Actinozoa,  Hydrozoa,  and  Porifera. 
By  the  Rev.  Alfred  Merle  Norman,  M.A. 

The  especial  object  with  which  the  Shetland  dredging  was  recently  under- 
taken, under  the  auspices  of  the  British  Association,  was  the  examination  of 
the  fauna  of  the  deep  water  which  surrounds  that  most  northern  group  of 
our  islands.  The  abyss  of  the  sea  there  approaches  near  to  land  at  a  depth 
rapidly  descending  to  eighty  or  one  hundred,  and  subsequently  reaching 
many  hundred  fathoms.  The  sea-bottom  at  such  a  depth  would  never  have 
been  laid  bare  during  those  two  great  upheavals  of  the  earth's  surface  which 
appear  to  have  been  the  last  great  geological  oscillations  over  the  area  of  the 
north-west  of  Europe.  At  a  time  when  all  the  channels  and  sea  which  now 
separate  our  islands  from  each  other,  and  from  the  rest  of  Europe,  were  raised 
high  and  dry  above  the  level  of  the  ocean,  and  the  whole  formed  part  of  one 
great  continent,  the  sea,  if  the  calculations  as  to  the  extent  of  that  elevation  are 
anything  like  the  truth,  must  still  have  broken  on  the  rocky  shores  of  the 
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imposingly  bold  promontory  of  Shetland,  and  the  forefathers  of  at  least  a  large 
proportion  of  its  present  inhabitants  must  have  lived  and  died  in  the  same 
spots  which  they  now  occupy. 

Before  the  recent  investigation  was  commenced,  the  dredgings  of  Mr. 
Jeffreys  and  the  late  Mr.  Barlee  had  resulted  in  procuring  many  northern 
species  of  Mollusca  in  Shetland,  which  were  not  before  supposed  to  range 
so  far  south.  Moreover,  the  long  lines  of  the  Haaf  fishermen  had  brought 
up  some  strangers  from  the  deep,  and  had  made  known  to  Jameson, 
Fleming,  and  others  the  existence  of  a  fauna  of  a  widely  different  character 
from  that  of  other  portions  of  the  British  coast.  Lastly,  the  cruise  of  Mr. 
M* Andrew's  yacht  enabled  the  late  Professor  E.  Forbes  to  acquaint  himself 
with  many  Echinodermata  and  other  animals  of  peculiar  interest.  These 
combined  circumstances  made  us  anxious  that  the  invertebrata  of  this 
portion  of  our  islands  should  be  thoroughly  investigated,  and  led  to  the 
appointment  by  the  British  Association  of  a  Committee  to  prosecute  such 
researches.  It  is  only  right,  however,  that  it  should  be  known  that  the 
money  which  has  from  time  to  time  been  voted  by  the  Association  to  this 
Committee  has  only  consisted  of  grants  in  aid*.  Dredging  in  the  open  waters 
of  the  Atlantic  at  considerable  distances  from  land  necessitates  the  employment 
of  a  vessel  of  some  size,  and  consequently  entails  a  not  inconsiderable  outlay. 
That  outlay  has  been  mainly  borne  by  Mr.  Jeffreys,  who  has  been  the  leader 
in  the  whole  undertaking.  Mr.  Leckenby,  of  Scarborough,  has  also  contributed 
largely  towards  the  expenses ;  and  other  members  of  the  Committee,  who  have 
taken  part  in  the  expeditions,  have  similarly  aided,  if  in  much  smaller  sums, 
at  least  not  less  willingly  in  proportion  to  their  means.  But  my  object  in 
referring  to  this  matter  is  to  let  it  be  known  that  the  light  which  is  now 
thrown  upon  the  fauna  of  this  portion  of  our  seas,  together  with  any  value 
which  this  present  Keport  may  possess,  is  chiefly  due  to  the  liberality  in  the 
cause  of  science  of  the  two  naturalists  whose  names  have  been  mentioned. 

The  marine  fauna  of  Shetland  has  now  been  proved  to  be  extremely  rich. 
The  sea  there  would  seem  to  be  in  an  especial  manner  the  meeting-place  of 
northern  and  southern  types.  Many  arctic  forms  not  known  further  to  the 
south  are  here  found  associated  with  numerous  Mediterranean  species  which 
do  not  reach  the  Scandinavian  coast,  and  some  of  which  are  remarkable  as 
not  having  as  yet  been  found  at  any  intermediate  habitat  between  the  ex- 
treme south  of  Europe  and  Shetland. 

The  distribution  of  animal  life  around  our  coasts  appears  for  the  most  part 
to  have  followed  the  direction  south,  west,  north,  east.  It  would  seem  that 
comparatively  very  few  (if  any)  southern  species  have  made  their  way  far 
north  through  the  straits  of  Dover,  which  may  probably  be  accounted  for  by 
the  fact  that  that  channel  has,  geologically  speaking,  been  only  a  short  time 
open.  As  a  rule  southern  species  are  to  be  seen  at  a  higher  latitude  on  the 
western  than  they  are  on  the  eastern  coasts.  There  are,  however,  some 
apparent,  but  only  apparent,  exceptions.  These  consist  of  animals  known 
on  the  north-east  coast  of  Scotland,  which  we  should  not  have  expected  to 
meet  with  there.  On  examining  into  the  probable  cause  of  their  migration  to 
this  district,  I  am  led  to  believe  that  they  have  made  their  way  thither  round 
the  western  and  northern,  and  down  the  eastern  coasts  to  their  present  habitats, 
and  not  up  the  eastern  coast  as  might  at  first  have  been  supposed.  For  ex- 
ample, Cerithium  perversum,  Phasianella  pulla,  FlssureUa  Grceca,  Tellina  ba- 
laustina,  CalUanassa  sttbterranea,  Palmipes  placenta,  Amphiura  braehiata,  &c. 

♦  The  dredging  of  the  first  two  years  here  reported  on  (1861  and  1862)  was  carried  on 
without  any  aid  from  the  British  Association. 
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havo  been  found  in  the  Moray  Firth,  but  are  wholly  unknown  on  the  eastern 
coast  of  England.  Moreover,  many  species  have  been  recorded  on  the  Nor- 
wegian coast,  though  never  found  on  the  eastern  shores  of  England,  and 
therefore  may  be  presumed  to  havo  migrated  thither  up  the  western  sido  of 
Great  Britain  and  round  the  north  of  Scotland ;  as  examples  of  such  species 
may  be  cited  Pleurotoma  striolata,  attcnuatat  and  septawjidaris,  Cerithiopsis 
tubercularis,  Cerithium  reticulatum  and  perversum,  Rissoa  violacea,  Pholas 
daetylus,  Solen  vagina,  Psammobia  costulata,  Gastrana  fragilis,  Isocardia  cor, 
Cardium  aculeatutn,  Lepton  squamosum,  Xantho  rivulosus,  Portunus  arcuatus, 
Oebia  deltura,  &c.  On  the  other  hand,  while  northern  forms  do  not  extend 
southward  on  the  east  coast  beyond  Yorkshire  and  the  Dogger  Bank,  on  the 
western  coasts  they  in  many  instances  have  a  range  southwards  to  the 
Nymph  Bank,  off  Cork,  and  even  to  the  Mediterranean  sea.  Inasmuch, 
therefore,  as  migration  northwards  has  for  the  most  part  taken  place  by  way 
of  the  Hebrides  and  Shetland,  a  southern  form  which  may  be  found  in 
the  Gulf  of  Christiania  or  neighbouring  part  of  Scandinavia,  though  at  a  point 
of  latitude  considerably  further  to  the  south  than  Shetland,  may  be  regarded 
practically  with  respect  to  distribution  to  be  further  north,  and  a  northern 
species  at  Shetland  as  further  south  in  its  course  of  migration.  In  the  pre- 
paration, therefore,  of  the  Tables  IY.  and  VII.  I  have  regarded  the  whole  of 
the  Scandinavian  sea  as  though  it  was  to  the  north  of  Shetland,  notwith- 
standing that  the  latter  is  geographically  situated  in  about  the  same  latitude 
as  Bergen. 

As  has  been  already  stated,  the  chief  aim  of  the  Dredging  Committee  was 
to  thoroughly  examine  the  invertebrata  of  the  deep  sea.  This  purpose  was 
never  lost  sight  of,  and  the  dredge  was  rarely  let  down  in  tho  Voes  or  other 
Bhallow  water  except  when  we  were  driven  there  by  stress  of  weather ;  nor 
was  it  possible  to  find  much  leisure,  amid  the  constant  labour  entailed  by  the 
examination  and  preparation  of  the  animals  procured  by  the  dredge,  to  devote 
to  the  littoral  zone.  Notwithstanding,  therefore,  the  great  length  of  the  pre- 
sent catalogue  (which  shows  the  fauna  in  almost  every  branch  to  be  more 
rich  than  that  of  any  other  portion  of  the  British  coast  which  has  been  care- 
fully examined  by  competent  naturalists)  there  cannot  be  a  question  that 
numerous  and  interesting  discoveries  will  reward  the  future  investigations  of 
zoologists  near  the  shore  as  well  as  in  the  open  sea.  For  with  regard  to  the 
latter,  our  repeated  dredgings  in  these  northern  waters  have  only  sent  us 
home  each  time  more  fully  convinced  how  much  remains  to  be  done  before 
we  can  attain  anything  like  a  complete  knowledge  of  the  animals  which 
inhabit  them.  We  never  tried  a  new  locality  a  few  miles  distant  from  that 
which  we  were  before  examining  that  we  did  not  meet  with  species  which 
had  been  previously  unnoticed :  in  fact  the  Shetland  seas  appear  to  afford  an 
inexhaustible  treasury  of  rare  animals  in  every  department  of  zoology. 

"While  some  species  are  extremely  widely  diffused,  though  numerically 
scarce,  throughout  the  province,  others  are  common  everywhere,  and  others 
again  apparently  excessively  limited  in  their  distribution  as  well  as  very  rare 
when  found.  But  one  of  the  most  remarkable  features  in  the  distribution  of 
life  in  the  Shetland  Sea  is  the  extraordinarily  circumscribed  habitat,  but  at 
the  same  time  the  local  profusion,  of  many  species.  It  will  not  be  without 
interest  to  give  a  few  examples  of  this.  Many  Crustacea,  as  Nika  edulis, 
Doryphorus  Gordoni,  Gastrosaccus  sanctus,  &c,  occurred  on  one  occasion  in 
one  spot  in  considerable  numbers,  but  were  scarcely  ever  (if  ever)  seen  again. 
Forty  miles  east  of  the  Whalsey  Skerries  Echinus  Norvegicus  was  in  such 
extraordinary  profusion  that  the  dredge  came  up  again  and  again  literally 
almost  filled  with  it;  but  though  occurring  in  many  other  localities,  it  was, 
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save  in  this  one  instance,  comparatively  uncommon.  Near  the  same  spot 
Antedon  Sarsii  was  brought  up  in  thousands,  yet,  except  in  that  one  day's 
dredging,  I  never  was  fortunate  enough  to  meet  with  the  species.  In  this 
same  neighbourhood  Ophiura  Sarsii  was  found  very  abundantly?  but  it  was 
scarcely  ever  seen  again  during  these  dredgings.  Cidaris  papillata  and 
Spatangus  meridional™  appeared  to  be  confined  to  one  limited  area  to  the 
north  of  Unst,  yet  there  they  were  to  be  met  with  in  considerable  numbers. 
Similarly  Tealia  digitate  was  chiefly  found  in  one  particular  spot;  and 
the  same  is  true  of  Ascidia  obliqua,  A.  sordida,  Eschara  lorea  and  Itevis, 
CeUepora  attenuate,  Tessarodoina  gracile,  Palmicellaria  degans,  Hornera  bo- 
realis  and  violacea,  Zoanthxis  papillosus,  Sidisia  Barleeii,  Pennatula  phos- 
phorea,  Tubularia  attenuate,  Quasillina  brevis,  PhaTcellia  robuste,  Isodictya 
fimbriate,  Oceanapia  Jeffreysii,  &c,  all  of  which,  though  dredged  occasion- 
ally elsewhere,  were  chiefly  to  be  found  in  one  circumscribed  area,  where 
they  appeared  to  be  very  common,  and  in  some  instances  to  live  in  the  most 
astounding  quantities.  When  cases  of  remarkable  local  distribution  occur  in 
channels  or  bays  the  circumstance  is  not  unexpected,  but  it  is  different  when 
we  are  dredging  in  the  wide  expanse  of  the  Atlantic  with  apparently  no 
causes  at  work  to  make  such  differences  in  the  nature  of  the  sea-bottom, 
which  around  Shetland  is  in  general  of  nearly  uniform  though  gradually 
increasing  depth,  as  would  render  different  positions  peculiarly  fitted  for  the 
life  of  different  species.  Yet  this  would  seem  in  a  most  marked  degree  to 
be  the  case.  The  nature  of  the  sea-bed  on  the  Haaf  is  continually  changing, 
and  the  character  of  the  inhabitants  varies  with  it.  At  one  moment  the 
dredge  is  scraping  over  hard  stony  ground  calculated  to  tear  the  nets  to 
pieces,  at  the  next  it  is  sunk  deep  in  fine  sand  or  in  an  unctuous  mucL 
When  the  dredge  is  hauled  up  it  will  be  often  found  that  while  down  it  has 
at  first  travelled  over  a  soft  bottom  and  thence  brought  up  in  the  sand  some 
extremely  interesting  species,  perhaps  in  profusion,  while  subsequently  it  has 
been  dragged  over  hard  ground  and  the  stones  which  it  has  thence  collected 
have  crushed  to  pieces  the  delicate  organisms  which  lay  below  them  in  the 
net.  We  at  once  tack  and  endeavour  again  to  strike  the  spot  where  we  had 
first  let  down  the  dredge — no  easy  matter  certainly  in  the  open  sea,  where  no 
bearings  can  be  taken  from  the  land ;  the  whole  day  is  spent,  perhaps  many 
days  are  spent,  in  the  search  for  that  spot,  but  Ulocyathus  arcticus  or  Trochvs 
amabilis  declines  again  to  show  us  its  pretty  face. 

It  may  be  well  to  mention  that  the  term  "  Haaf,"  which  constantly  occurs 
in  this  Keport,  means  the  open  sea,  and  the  Shetland  fishermen,  more  espe- 
cially those  of  the  "  Out "  or  "  Whalsey  Skerries,"  speak  of  the  "  inner," 
"  middle,"  or  "  outer  Haaf,"  according  to  the  distance  of  the  fishing-ground 
from  land.  The  "  outer  Haaf "  to  the  east  of  the  Whalsey  Skerries  is  about 
forty  miles  from  those  rocky  islets,  and  fifty-five  or  sixty  miles  from  the 
mainland. 

In  the  catalogue  of  species  which  follows  in  this  Report  I  have,  in  the  case 
of  those  animals  which  have  only  occurred  once,  generally  appended  the  date 
of  the  year  in  which  they  were  discovered.  The  following  account  of  the 
naturalists  who  accompanied  the  expeditions  in  the  different  years  will  enable 
the  reader  to  assign  the  credit  of  each  discovery  to  the  right  persons.  Many 
invertebrata  which  were  preserved  during  the  years  when  I  was  not  myself 
present  with  the  Committee,  and  belong  to  the  classes  on  which  I  report, 
were  kindly  placed  in  my  hands  by  Mr.  Jeffreys.  In  the  notes  which  follow, 
the  specimens  having  been  actually  examined  by  myself,  I  hold  myself 
responsible  for  the  correctness  of  the  identification  of  the  species  in  all  cases, 
except  whero  tho  locality  or  note  is  contained  within  inverted  commas,  where 
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the  determination  of  the  species  rests  upon  the  authority  of  the  naturalist 
whose  name  follows  the  quotation. 

1861.  Mr.  Jeffreys,  Mr.  "Waller,  and  myself.  The  dredging  this  year  was 
chiefly  carried  on  from  the  Whalsey  Skerries,  where  the  Lighthouse  was 
made  our  headquarters ;  but  a  short  cruise  was  taken,  just  before  the  home- 
ward voyage,  to  the  ground  to  the  north  of  Unst,  which  in  later  years 
proved  so  productive.     Vessel,  the  yacht  *  Osprey.' 

1862.  Mr.  Jeffreys  and  Professor  AUman.  The  expedition  came  to  a  pre- 
mature and  unfortunate  termination.  The  vessel  which  had  been  chartered, 
having  been  caught  in  a  heavy  gale  at  sea,  had  her  rudder-post  carried 
away,  and  thus  became  disabled.  Professor  AUman,  however,  succeeded  in 
procuring  several  Hydrozoa  new  to  science. 

1863.  Mr.  Jeffreys,  Mr.  Waller,  Mr.  R.  Dawson,  and  myself.  A  steamer 
was  this  year  engaged  in  the  work,  and  the  dredging  was  in  the  directions 
north,  north-east,  and  east  of  Unst. 

1864.  Mr.  Jeffreys,  Mr.  "Waller,  and  Mr.  Peach.  The  dredging  was  chiefly 
carried  on  to  the  north  of  Unst,  Balta  Sound  being  made  the  headquarters 
during  the  greater  portion  of  the  summer.  Mr.  Peach  paid  special  attention 
to  the  sponges,  and  discovered  several  new  species.     Vessel,  the  '  Osprey.' 

1867.  Mr.  Jeffreys,  Mr.  Waller,  Mr.  Dodd,  and. myself.  The  bed  of  the 
ocean,  to  the  north  and  west  of  Shetland,  was  investigated,  and  at  greater 
depths  than  had  before  been  tried.  A  fortnight  was  also  spent  in  examin- 
ing the  rich  fauna  of  the  deeper  parts  of  St.  Magnus  Bay.  Vessel,  Mr. 
Jeffireys's  yacht  the  '  Osprey.' 

1868.  Mr.  Jeffreys,  Mr.  "Waller,  and  Major  "Woodall.  Dredging  chiefly 
to  the  north  of  Unst  and  St.  Magnus  Bay,  but  the  Out  Skerries  Haaf  was 
also  visited.    Vessel,  the  '  Osprey.' 

My  sincere  thanks  are  especially  due  to  my  kind  and  valued  friends  Mr. 
Jeffreys  and  Mr.  "Waller,  for  the  assistance  they  rendered  me  in  all  kinds  of 
ways  during  our  dredging  operations,  and  in  the  preservation  of  those  inver- 
tebrata  which  it  is  my  duty  here  to  notice. 

In  1867  Mr.  D.  Robertson  went  to  Shetland,  and,  besides  dredging  and 
using  the  towing-net  in  Bressay  Sound,  he  visited  many  of  the  inland  lochs 
and  streams,  for  the  purpose  of  examining  the  Crustacea  which  they  might 
contain.  I  have  to  thank  him  for  having  kindly  allowed  me  to  examine 
the  gatherings  which  he  made,  and  I  am  thus  enabled  to  add  many  species 
to  the  list  of  Entomostraca. 

In  the  preparation  of  the  Tables  which  follow,  it  must  be  understood 
that  I  have  not  relied  solely  on  published  localities.  A  large  number  of  the 
species  have  been  identified  by  myself  from  habitats  farther  to  the  north  or 
to  the  south  than  those  which  have  been  recorded  in  print.  This  will 
account  for  the  absence  of  many  names  from  the  Tables  IV.,  V.,  and  VII. 
which  might  have  been  expected  there. 

I. 

Comparison  of  the  Total  Number  of  British  and  of  Shetland  Species. 

The  following  Table  is  intended  to  show — 

1.  The  number  of  species  belonging  to  the  several  Classes  and  Orders,  as 
given  in  the  "  List  of  the  British  Marine  Invertebrate  Fauna,"  published  by 
the  British  Association  in  1861,  and  which  supplies  us  with  a  carefully  cor- 
rected catalogue  of  the  species  known  seven  years  ago. 

2.  The  total  number  of  species  which  have  been  recorded  as  British  up  to 
the  time  of  publication  of  this  Report.      This  estimate  I  have  drawn  up 
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with  great  care.  In  the  sacond  column  many  species  are  omitted  which, 
though  containo!  in  the  first,  aro  not  considered  by  me  to  be  distinct  from 
other  described  specie3 ;  consequently  the  difference  between  the  number 
of  British  species  now  known,  and  those  which  had  been  recognized  previ- 
ously to  1861,  is  even  greater  than  appears  from  a  comparison  of  the  figures 
here  inserted. 

3.  The  number  of  species  which  have  been  found  in  the  Shetland  seas. 
The  inland  forms  are  entirely  omitted  from  these  columns.  The  small  area  of 
the  Shetland  Islands,  their  isolation,  the  stunted  character  of  the  vegetation, 
the  almost  total  absence  of  trees,  and  the  scarcity  of  ponds  or  pieces  of 
water  other  than  moorland  tarns  (which  character  of  water  has  a  restricted 
fauna  peculiarly  its  own),  all  tend  to  limit  the  numbers  of  land  and  fresh- 
water invertebrata  likely  to  be  found  in  the  islands.  Our .  object  was  the 
investigation  of  the  marine  fauna,  and  but  little  attention  was  paid  to  that 
of  the  land.  Those  few  species,  however,  which  were  observed  will  be  found 
enumerated  in  the  Catalogue,  and  consist  of  twenty-two  Crustacea  (out  of 
one  hundred  and  fifteen  known  as  British)  and  one  Hydrozoon. 


I. 
British, 
in  1861. 


II. 
British, 

in  1868. 


in. 

Shetland. 


S 


3  ° 


°2 


£g 


Crustacea 


Pciyzoa 


& 


^Brachyura  

Anomura 

Macrura 

Stomapoda 

Amphipoda 

Isopoda    

Phyllopoda 

Cladocera    

Ostracoda    

Copepoda    

Cirripedia    

^Pycnogonoidea  

Arachnxda .    Acarina    

Tunicata 

Cheilostomata    

Cyclostomata 

Ctenostomata 

Pedicellinea    

Lophopea    

Holothuroidea    

Echinoidea 

Asteroidea 

Ophiuroidea    

Crinoidea    

Zoantharia 

Alcyonaria - 

!Ctenophora 
Lucernariada 
Thecaphora 
Athecata 

i  "  Naked-eyed  Medussa  " 
Calycophorida    ....... 

(^  Ph  ysophorida 

{Calcarea 
Silicea 
Keratosa , 


Actinozoa 


Hydrozoa 


g  §   i  Porifera 


41 

14 

62 

23 

120 

50 

2 

1 

21 

60 

27 

11 

0 

73 

110 

24 

24 

3 

0 

24 

15 

10 

14 

3 

67 

11 

11 

13 

72 

36 

69 

1 

3 

10 

101 

10 


40 
15 
63 
40 
183 
66 

2 

2 

124 

87 

25 

25(?) 

9 

104 

163 

25 

28 

3 

1 
20 
16 
18 
16 

4 
74 
15 
11 
14 
92 
72 
69 

1 

4 

12 

177 

12 


18 

11 

26 

23 

110 

21 

1 

2 

87 

51 

6 

6 

2 

89 

102 

21 

10 

3 

1 

14 
15 
17 
14 


V302 


^137 


^104 


83 


1122 


1612 


823 


Googk 


Digitized  by 


ON  THB  SHETLAND  CRUSTACEA,  TUNICATA,  ETC. 


253 


II. 

Co  mparison  of  the  Shetland  Invertebrate  Marine  Fauna  with  that  of 
other  portion*  of  tlie  British  Coast. 

No  really  satisfactory  comparison  can  be  made  between  the  number  of 
animals  here  reported  on  as  inhabiting  the  Shetland  Sea  with  those  found  on 
other  portions  of  our  coast.  Unfortunately  very  little  attention  has  hitherto 
been  paid  to  any,  except  the  larger  and  more  conspicuous  forms  belonging  to 
these  classes.  In  order,  however,  that  this  comparison  may  be  carried  out  as 
far  as  at  present  practicable,  I  give  the  following  summaries  of  the  most  fully 
worked  up  local  lists  that  I  am  acquainted  with. 

CRTT8TACBA. 


% 

A 
CO 


.s -a 


11 


1 


A 


! 


44 


Brachyura  .... 
Anomura    .... 

Macrura 

Stomapoda     . . 
Amphipoda   . . 
Isopoda  ...... 

Phyllopoda    . . 

Cladocera 

Ostracoda 

Copepoda 

Cirripedia 

Pycnogonoidea 


18 

11 

20 

23 

110 

21 

1 

2 

87 

51 

6 

6 


13 

11 

11 

9 

53 

8 

1 

2 

19 

12 

9 

10 


16 

6 

18 

6 

47 

11 

1 

0 

65 

22 

3 

1 


18 
5 

17 
4 


30 


23 
8 

24 
4 

22 


30 

8 

22 


53 


67 


362         158 


196 


74 


81 


113 


B. — Norman,  "Beport  of  Deep-Sea  Dredging  on  the  Coast  of  Northumberland 

and  Durham,  1862-64.  Crustacea,"  Nat.  Hist.  Transac.  Northumb.  and 

Durham,  vol.  i.  (1865)  p.  12. 
C. — Norman,  "  Beport  of  Committee  appointed  for  the  purpose  of  Exploring 

the  Coasts  of  the  Hebrides  by  means  of  the  Dredge. — Part  II.,"  British 

Assoc.  Beport,  1866,  p.  193. 
D.— Bev.  G.  Gordon,   "  A  List  of  the  Crustaceans  of  the  Moray  Firth," 

Zoologist,  1852,  p.  3678 ;  and  the  Ostracoda  from  G.  S.  Brady,  Trans. 

Linn.  Soc.  vol.  xxvi.  p.  478. 
E. — Kinahan,  "  Beport  of  the  Committee  appointed  to  dredge  Dublin  Bay," 

Brit.  Assoc.  Beport,  1860,  p.  27 ;    and  "  Beport  on  Crustacea  of  the 

Dublin  District,"  Brit.  Assoc.  Beport,  1859,  p.  262. 
F. — A.  G.  Melville,  "  List  of  Crustacea  Podophtbalroia  of  Galway  Marine 

Districts,"  Nat.  Hist.  Beview,  vol.  iv.  (1857)  p.  151 ;  and  the  Ostracoda 

added  from  Mr.  G.  S.  Brady's  paper  in  Trans.  Linn.  Soc.  vol.  xxvi. 
G. — G.  g.  Brady,  "A  Monograph  of  the  Becent  British  Ostracoda,"  Trans. 

linn.  Soc.  vol.  xxvi.  p.  478, — this  being  the  fullest  district  list  given  by 

him. 
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TlJNICATA. 

The  only  catalogues  for  comparison  with  the  thirty-nine  Shetland  Tnnicata 
are  Alder's  list  of  those  of  the  Northumberland  and  Durham  coasts  (Catalogue 
of  the  Mollusca  of  the  Northumberland  and  Durham  Coasts,  p.  101),  which 
includes  thirty  species,  my  own  very  short  list  of  sixteen  observed  in  the 
Clyde  district  ("  The  Mollusca  of  the  Firth  of  Clyde,"  Zoologist,  1857,  p.  5703), 
and  a  third  of  twenty-one  Hebridean  species  by  Mr.  Alder  (Brit.  Assoc. 
Report,  1866,  p.  206). 

PoLYZOA  AND  Co2LENTERATA. 


H. 

Shetland. 

L 

Northumber- 
land 
and  Durham. 

K. 

Devon  and 
Cornwall. 

L. 
Hebrides. 

Polyzoa. 

Cheilostomata    

Cyclostomata 

102 

21 

10 

3 

1 

21 

7 
1 

59 

12 

16 

3 

0 

11 

87 

14 

17 

3 

0 

37 

54 

10 

2 

0 

0 

4 
6 
0 
0 

28 
4 
0 
0 
0 

Ctenostomata 

Pedicellinea    

Lophopea    

Actinozoa. 
Zoantharia 

Alcyonaria 

4                      4 
0                      0 

Ctenophora 

Lucernariada 

5      ;           2          ;           2 
52       j          56                     58 

Hydrozoa. 
Thecaphora 

Athecata 

20       !           23 

19 
0 
0 
0 

"  Naked-eyed  Medusa) " 

Calycopborida    

Phvsophorida 

24 

1 
1 

0 

o 

0 

275 

186 

241 

108 

I. — Alder,  "  Catalogue  of  the  Zoophytes  of  Northumberland  and  Durham," 

1857,  and  "  Supplement "  to  the  same,  1862. 
K. — Rev.  T.  Hincks,  "  Catalogue  of  the  Zoophytes  of  South  Devon  and  South 

Cornwall,"  1861-62. 
L. — Norman,  Brit.  Assoc.  Report,  1866,  p.  199. 


ECHINODERMATA. 


!      M.               N.          1      O. 
I                    Northumber- 
i  Shetland. '          land           Hebrides. 
1  and  Durham.  ' 

i                           ' 

P. 

Orkney. 

Q. 

Moray 
Firth. 

R. 
Dublin. 

Holothuroidea  ....       14 

Echinoidea     15 

Asteroidea j       17 

Ophiiiroidea ;      14 

Crinoidea   '        2 

9 
10 

8 
10 

1 

9 
6 
8 
9 
2 

3 

7 
10 

7 

1 

1 
6 
11 
7 
1 

4 
5 

8 
7 

1 

02       |           38   •       ,       34             2$             26       ;     25 
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N. — G.  Hodge,  «  Report  of  Deep-Sea  Dredging,  on  the  Coasts  of  Northum- 
berland and  Durham,  1862-64. — Echinodermata,"  Nat.  Hist.  Trans. 
Northumb.  and  Durham,  vol.  i.  p.  42. 

0.— Norman,  Brit.  Assoc.  Report,  1866,  p.  198. 

P. — Dr.  W.  B.  Baikie,  "Catalogue  of  the  Echinodermata  of  Orkney,"  Zoologist, 
1853,  p.  3811.  (Several  species  are  included  in  Dr.  Balfour  Baikie's  list 
for  which  no  Orkney  habitat  is  given ;  these  are  here  omitted.) 

Q. — Rev.  G.  Gordon,  "  List  of  the  Echinodermata  hitherto  met  with  in  the 
Moray  Firth,"  Zoologist,  1853,  p.  3781. 

R. — Kinahan,  Brit.  Assoc.  Report,  1860,  p.  31. 

Pokipeba. 
The  only  local  List  of  Sponges  is  one  recently  published  by  Mr.  E.  Parfitt, 
"  On  the  Marine  and  Freshwater  Sponges  of  Devonshire  "  (Trans.  Devonshire 
Association  for  the  Advancement  of  Science,  Literature,  and  Art,  1868) ;  it 
includes  forty-nine  marine  species,  while  the  Shetland  species  observed  by  us 
are  eighty-three.  Only  eighteen  of  these  species  are  as  yet  known  to  be 
common  to  these  two  extremities  of  our  islands. 

in. 

Species  added  to  the  British  Fauna  during  the  recent  Dredging. 
The  new  species  which  have  during  the  past  six  years  been  discovered  in 
Shetland  have  from  time  to  time  been  published  through  various  channels,  a 
large  proportion  of  them  having  been  placed  in  the  hands  of  those  naturalists 
who  were  engaged  in  bringing  out  works  on  the  several  branches  of  marine 
zoology.  The  following  list  of  156  species  is  therefore  given  here  in  order  to 
show  at  a  glance  the  additions  to  onr  fauna  which  have  directly  resulted  from 
the  investigations  of  the  Dredging  Committee. 


Portunus  tuberculatum,  Rowc. 
Pagurus  tricarinatus,  Norman. 
Crangon  serratus,  Norman. 
Sabinaaa  septemcarinata  (Sabine). 
Lophogaster  typicus,  M.  Sars. 
Thysanopoda  Norvegica,  M.  Sars. 
Mysis  inermis,  Rathke. 

ornata,  G.  O.  Sars. 

Mysidopsis  hispida,  Norman. 
Gasrrosaccus  sanctus  (  Van  Beneden). 
Nematopus  serratus,  G.  O.  Sars. 
Nannasticus  binoculoides,  Bate. 
Diastylis  echinata,  Bate. 

bispinosa  (Stimpson). 

lfleyis,  Norman. 

Bpinosa,  Norman. 

Cumella  agilis,  Norman. 
Probolium  serratipes,  Norman. 
Anonyx  nanus,  Krbyer. 

nanoides,  LiUjeborg. 

ampulla  (Phipps). 

tumidus,  Kroger. 

Stegocephalus  ampulla  (Phipps). 
Opis  leptochela,  Mate  8f  JVestw. 
Pontoporeia  affims,  Lindstrbm. 
Ampeiisca  laevigata,  LHUeborg. 
GEdiceros  paTvimanus,  B.  $  W. 
oequicornis,  Norman. 


Kroyera  altamarina,  B.  fy  W. 
Syrrhoe  hamatipes,  Norman. 
Lilljeborgia  Shetlandica,  B.  Sf  W. 
Dexamine  Vedlomensis,  B.  Sf  W. 
Atylus  macer,  Norman. 
Calliopius  Fingalli,  B.  Sf  W. 
Megamphopus  cornutus,  Norman. 
Protomedeia  pectinata,  Norman. 
Ileiscladus  longicaudatus,  B.  Sf  W. 
Amphithoe  albomaculata,  Kroger. 
Sipnonoecetes  typicus,  Kroger. 
Cyrtophium  armatum,  Norman. 
Coropnium  tenuicorne,  Norman. 
Hyperia  oblivia,  Krbyer  (not  B.  Sf  W.). 
Metoecus  medusarum,  Kroger. 
Phryxus  longibranchiatus,  B.  Sf  W. 
Cirolana  truncata,  Norman. 
Pontocypris  hispida,  G.  O.  Sars. 
Cythere  dubia,  G.  S.  Bradg. 

costata,  Bradg. 

mucronata  (G.  O.  Sars). 

abyssicola  (G.  O.  Sars). 

crenulata  (G.  O.  Sars). 

leioderma,  Norman. 

Cytherura  concentrica,  C.B.  8fR.  (MS.). 

flavescens,  Bradg. 

quadrata,  Norman. 

navicula,  Norman. 
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Sarsiella  capsula,  Norman. 
Cytheropteron  alatum,  G.  0.  Sara. 
Bythocvthere  tenuissima,  Norman. 
Cypridina  Norvegica,  Baird. 
Conchoecia  obtuaata,  G.  O.  Sars. 
Polycope  dentata,  Brady. 
Cyclops  nigricauda,  Norman. 

pallidus,  Norman. 

Amymone  falcata,  Norman. 
Cleta  forcipata,  Clans. 
Tigriopus  Lilljeborgii,  Norman. 
Thalestris  Clausii,  Norman. 
Porccllidium  subrotundum,  Norman. 
Aspidiscus  fasciatus,  Norman. 
Ascomyzon  echinicola,  Norman. 
Lichomolgus  forficula,  Thorctt. 
Entorocola  enica,  Norman. 
Notodelphys  caerulea,  Thorett. 

prasina,  Thorett. 

Doropygus  auritus,  Thorett. 
Botachus  cylindratus,  Thcrett. 
Notopterophorus  papilio,  Hesse. 
Nogagus  Liiitkeni,  Norman. 
Bracbiella  rostrata,  Kriiyer. 
Nymphon  Stromii,  Kroyer. 
Ascidia  obliqua,  Alder. 

rudis,  Alder. 

plebeia,  Alder. 

Polyclinuni  succineum,  Alder. 
Menipea  Jeffreysii,  Norman. 
Ilippothoa  expansa,  Norman. 
Membranipora  sacculata,  Norman. 
Lepralia  cruenta,  Norman. 

laqueata,  Norman. 

abvssicola,  Norman. 

polita,  Norman. 

microstoma,  Norman. 

minuta,  Norman. 

tiibulosa,  Norman. 

Celleporella  lepralioides,  Norman. 

pygmcea,  Norman. 

Cellepora  attenuata,  Alder. 
Palmicellaria  elcgans,  Alder. 
Ilemeschara  struma,  Norman. 
Eschara  lorea,  Alder. 
Ilomera  borealis,  Busk. 

violacea,  M.  Sars. 

Alecto  diastoporides,  Norman. 
Rhabdopleura  Normani,  Allman. 
Thyone  elegans,  Norman. 


Spatangus  meridionalis,  Bisso. 
Echinus  pictus,  Norman. 
Asterias  Miilleri,  M.  Sars. 
Astropecten  acicularis,  Norman. 
Archaster  Parelii  (Dub.  Sf  Kor.). 
Ophiura  Saraii,  IAUken. 
Ophiopeltis  securigera,  Dub.  Sf  Kor. 
Zoantnus  anguicoma,  Norman. 
Cuspidella  humilis,  Hincks. 

grandis,  Hincks. 

Obeli  a  plicato,  Hincks. 
Gonothyrsea  hyalina,  Hincks. 
Olava  diflusa,  Allman. 
Tubiclava  cornuconise,  Norman. 
Coryne  nutans,  Attman. 

vermicularis,  Hincks. 

Eudendrium  annulatum,  Norman. 

vapnatum,  Allman. 

Perigonimus  minutus,  Attman. 
Tubularia  bellis,  Attman. 

attenuata,  Attman. 

Physophora  (Pborealie,  Sars). 
Normania  crassa,  Bowerbank. 
Ecionemia  conipressa,  Bow. 
Polymastia  bulbosa,  Bow. 

radiosa,  Bow. 

Tetbea  spinularia,  Bow. 
Dictvocylindrus  virgultosus,  Bow. 
Phakelha  robusta,  Sow. 
Microciona  ambigua,  Bow. 

simplicissima,  Bow. 

Ilymerapnia  coronula,  Bote. 
Hymedesmia  radiata,  Bow. 

occulta,  Bow. 

Hymeniacidon  reticulatus,  Bow. 

perarmatus,  Bow. 

membrana,  Bow. 

paupertas,  Bow. 

Halicnondria  forcipis,  Bow. 

simplex,  Bote. 

scandens,  Bow. 

mutulus,  Bow. 

inornate,  Bate. 

falcula,  Bote. 

Isodictya  jugosa,  Bow. 

laciniosa,  Bow. 

Raphioderma  coacervata,  Bow. 
Oceanapia  Jeflreysii  (Bow.). 
Desmacidon  Peacbii,  Bow. 
constrictus,  Bow.      t 


IY. 


Scandinavian  and  Arctic  Species  which  have  not  been  observed  further  south 
than  Shetland,  for  the  most  part  inhabitants  of  very  deep  water. 


Sabimea  septemcarinata  (Sabine). 
Lophogaster  typicus,  M.  Sars. 
Nematopii8  serratus,  G.  O.  Sars. 
Anonyx  nanoides,  Littjehorg. 
ampulla  (Fhipps). 


Stegocephalus  ampulla  (Phipps). 
Pontoporeia  affinis,  Lmdstrom. 
Amphithoe  albomaculata,  Kroyer. 
Siphonoecetes  typicus,  Kroyer. 
Metoecus  medusarum,  Kroyer. 


Digitized  by 


Google 


ON  THE  SHETLAND  CRUSTACEA,  TUNIC  AT  A,  ETC. 


257 


Pontocypris  hispida,  G.  0.  Sars. 
Macrocypria  minna  (Baird). 
Cythere  costata,  Brady. 
— —  mucronata  (G.  O.  Sars). 

abyaaicola  (G.  O.  Sars). 

crenulata  (G.  0.  Sars). 

Cytheropteron  alatum,  G.  O.  Sars. 
Cypridina  Norvegica,  Baird. 
Conchoecia  obtuaata,  G.  O.  Sars. 
Bicellaria  Alderi,  Busk. 
Merobranipcra  cornigera,  Busk. 

rhvncbota,  Busk. 

vulnerata,  Busk. 

Alysidota  Alderi,  Busk. 
Lepralia  bella.  Busk. 

abyssicola,  Norman. 

microstoma,  Norman. 


Lepralia  ringena,Busk. 

monodon,  Bus?*. 

Celleporella  lepralioides,  Norman. 
Tessarodoma  gracile  {M.  Sars). 
Eachara  laevia  (Fleming). 
Hornera  violacea,  Sars. 
Defrancia  truncata  (Jameson). 
Echinus  Norvegicua,  Dub.  <$•  Kor. 
Cidaris  papillate,  Leske. 
Archaater  Parelii  (Dub.  <$■  Kor.). 
Ophiura  Saray,  Liitken. 
Ophiopeltis  securigera,  Dub.  8r  Kor. 
Astrophyton  Linckii,  Mull.  4*  Trosch. 
Antcdon  Sarsii  (Diib.  $.  Kor.). 
Vlocyathus  arcticus,  M.  Sars. 
Lophohelia  prolifera  (Linn.). 
Priiimoa  lepadifera  (Lmn.). 


Species  which  have  as  yet  only  been  found  in  the  Shetland  Seas*. 


Pagurua  tricarinatus,  Norman. 
Probolium  aerratipes,  Norman. 
CEdiceros  cequicornia,  Norman. 
Syrrhoe  hamatipea,  Norman. 
Atylua  macer,  Norman. 
Meganiphopua  cornutus,  Norman. 
Protomedeia  pectinata,  Norman. 
Cyrtophium  armatum,  Norman. 
Coropnium  tenuicorae,  Norman. 
Cirolana  truncata,  Norman. 
Cythere  dubia,  G.  S.  Brady. 

leioderma,  Norman. 

Cytheridea  Zetlandica,  Brady. 
Cytberura  navicula,  Norman. 
Saraiella  capaula,  Norman. 
Cytheropteron  rectum,  Brady. 
Bythocythere  tenuissima,  Norman. 
Polycope  dentata,  Brady. 
Amymone  falcata,  Norman. 
Porcellidium  aubrotundum,  Norman. 
Aapidiacua  fasciatua,  Norman. 
Entorocola  eruca,  Norman. 
Ascomyzon  echinicola,  Norman. 
Nogagus  Lutkeni,  Norman. 
Polyclinum  succineum,  Alder. 
Hippothoa  expanaa,  Norman. 
?  Lepralia  umbonata,  Busk. 
Celleporella  pygmoea,  Norman. 
Cellepora  attenuata,  Alder. 
Eachara  lorea,  Alder. 
Hemeschara  struma,  Norman. 
PPuatulipora  orchadensis,  Busk. 
Rhabdopleura  Normani,  Allman. 
Thyone  elegana,  Norman. 
Cucumaria  fucicola  (Forbes  <$•  Goodsir). 
Paolinua  brevia  (Forbes  <$■  Goodsir). 


Actinia  intestinalia,  Fleming. 

vermicularia,  Forbes. 

Zoanthua  anguicoma,  Norman. 
Sidiaia  Barleeii,  Gray. 
Paracyathua  Thulensia?  Gosse. 
Cuapidella  humilis,  Hincks. 

gtandis,  Hincks. 

Obelia  plicata,  Hincks. 
Gonothvrrea  hyalina,  Hincks. 
Clava  cfiffusa,  Allman. 
Coryne  vermicularia,  Hincks. 

nutans,  Allman. 

Eudendrium  annulatum,  Norman. 

vapnatum,  Allman. 

Perigommua  minutua,  Allman. 
Tubularia  bell  is,  Allman. 

attenuata,  Allman. 

Thaumantias  maculata;  Forbes. 

globoaa,  Forbes. 

melanopa,  Forbes. 

lineata,  Forbes. 

Trachynema  rosea  (Forbes). 
Pandea  globulosa  (Forbes). 
Tiara  turrita  (Forbes). 
Lizzia  blondina,  Forbes. 
Margelia  nigritella  (Forbes). 
Steenstrupia  rubra,  Forbes. 
Ectopleura  pulchella  (Forbes). 
Geodia  Zetlandica  (Johnston). 
Ecionemia  compreasa,  Bow. 
Quasillina  brevia  (Bow.). 
Polymastia  bulbosa,  Bow. 
Tethea  apinularia,  Bow. 
Halicnemia  patera,  Bow. 
Dictvocylinarua  virgulto8us,  Bow. 
Phaiellla  robusta,  Bow. 


*  Of  course  it  will  be  understood  that  all  that  is  meant  by  this  expression  ifl  that  we  as 
yet  know  nothing  whatever  of  the  distribution  of  the  species  contained  in  this  list. 
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Microciona  laevis,  Bow. 

ambigua,  Bow. 

simplicissiina,  Bow. 

Hymerapnia  vermiculata,  Bow. 

coronula,  Bow. 

Hymede8mia  radiata,  Bow. 

Zetlandica,  Bow. 

occulta,  Bow. 

Hymeniacidon  reticulatus,  Bow. 

perarmatus,  Bow. 

membrana,  Bow. 

paupertas,  Bow. 

Halicnondria  forcipis,  Bote. 

simplex,  Bow. 

scandens,  Bow. 


?  Halichondria  Batei,  Bow. 

albula,  Bow. 

inornata,  Bow. 

%mutulus,  Bow. 

falcula,  Bow. 

Isodictya  varians,  Bow. 

jiigosa,  Bow. 

Barleei,  Bow. 

fimbriata,  Bow. 

Raphioderma  coacervata,  Bow. 
Oceanapia  Jeffreysii  (Bow.). 
Deamacidon  Peachii,  Bow. 

constrictus,  Bow. 

Diplodemia  vesicula,  Bow. 
Verongia  Zetlandica,  Bow. 


VI. 


Mediterranean  Species  which  occur  in  Shetland,  but  have  not  been  found  at 
intermediate  localities. 

Two  large  and  conspicuous  animals,  Portunus  tuberctdatus,  Boux,  and 
Spatangus  meridionalis,  Risso,  have  been  found  abundantly  in  these  dredgings 
at  a  depth  from  eighty  to  one  hundred  and  forty  fathoms.  They  are  well 
known  in  the  south  of  Europe,  but  were  supposed  up  to  the  time  of  their 
discovery  in  Shetland  not  to  occur  north  of  the  Mediterranean.  It  is  not 
unlikely  that  Pagurus  tricarinatus,  Norman,  will  also  prove  to  be  a  deep- 
water  Mediterranean  form.  All  deep-water  dredging  seems  to  establish  this 
fact  more  clearly,  that  deep-water  species  have  a  much  more  extended  geo- 
graphical range  than  shallow- water  and  littoral  forms.  These  Mediterranean 
species  must  have  made  their  way  northwards  in  the  abyss  of  the  sea  round 
the  western  coast  of  Ireland,  in  which  locality  they  will  doubtless  at  some 
future  day  be  found.  The  classes  on  which  it  is  my  lot  to  report  have  been 
so  much  neglected,  and  our  knowledge  therefore  of  their  distribution  is  at 
present  so  extremely  limited,  that  it  is  at  present  impossible  to  draw  any 
satisfactory  conclusions  as  to  their  range;  but  I  feel  satisfied  that  when 
hereafter  fuller  and  more  accurate  investigation  shall  have  been  carried  on 
both  in  the  Mediterranean  and  our  own  coasts,  not  only  will  the  number  of 
species  common  to  the  two  extremities  of  Europe  be  found  to  be  much  greater 
than  is  now  generally  supposed,  but  also  that  a  very  large  proportion  of  such 
species  will  prove  to  be  forms  which  will  be  met  with  in  the  depths  of  the 
Mediterranean  and  of  the  seas  to  the  west  and  north  of  our  country,  but 
which  will  be  found  to  be  absent  from  the  channels  which  intersect  and  the 
shallower  water  which  immediately  surrounds  our  islands.  Meanwhile  the 
occurrence  of  Portunus  tuberculatus  and  Spatangus  meridionalis  is  of  excessive 
interest,  as  such  fine  and  handsome  species  could  not  have  been  well  over- 
looked, or  have  failed  to  attract  attention  in  any  portion  of  the  sea  which 
has  been  at  all  efficiently  dredged  *. 

The  contents  of  tho  three  Tables  (IV.,  V.,  and  VI.)  added  together  give  the 

*  The  following  northern  Mollusca  have  been  identified  by  Mr.  Jeffreys  from  the 
Mediterranean,  but  are  not  known  elsewhere  south  of  the  north  of  Scotland  or  Shetland 
Sea : — Pecten  aratus,  P.  vilreus,  Lima  Sarsii,  Leda  pygmaa,  Scissttrclla  crispata,  Aclis 
Wafleri,  Cerithium  metula.  &c. ;  the  occurrence  also  of  the  following  in  the  Mediterranean 
is  yery  unexpected : — Terebratula  caput-serpentis,  Crania  anomaki,  Pecten  scptemradiatuSj 
Axinus  Croulinensis,  Chiton  Hanl*//i,  Propilidium  ancylotdes,  Rissoa  abyssicola,  Scalaria 
Trevelyana,  Odostomia  Scilla,  Bulla  utricidus,  Ac. 
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number  of  Shetland  species  which  are  as  yet  unknown  off  other  parts  of 
the  British  coast  as  one  hundred  and  forty-eight. 

VII. 

Southern  and  other  forms  which  are  not  as  yet  known  to  the  North  of 

Shetland. 


Stenorhynchus  longirostris  (Fab.). 
Inachus  leptochirus.  Leach. 
Portunus  nolsatus  (Fab.), 
—  tubereulatus,  Boux. 
Poicellana  platycheles  (Pennant). 
Pagurus  H^ndmanni,  Thompson. 
— —  ferrugineus,  Norman. 
Galathea  dispersa,  Bate. 
Crangon  trispinosus,  Hailstone. 
Nika  edulifl,  Bittso. 
Hippolyte  cultellata,  Nonnan. 
Mysidopds  hispida,  Norman. 
Nannasticus  binoculoides,  Bate. 
Diastylis  tovis,  Norman. 

lamellata,  Norman. 

spinosa,  Norman. 

Cumelm  agilis,  Norman. 
Iphinoe  serrata,  Norman. 

gracilis,  Bate. 

Cuma  scorpioides  (Montagu). 
Probolium  monoculoides  (Montagu). 

marinum  (Bate). 

pollexianuni  (Bate). 

Lysianassa  Audouiniana,  Bate. 

longicornis,  Lucas. 

Anonyx  longicornis,  Bate. 

melanophthalmus,  Nonnan. 

Callisoma  crenata,  Bate. 
(Ediceros  parvimanus,  B.  #  W. 
Monoculoaes  Stimpsoni,  Bate. 
Kroyera  altamarina,  B.  8f  W. 
Urothoe,  species. 
Iillieborgia  ShetJandica,  B.  <$•  W. 
Helleria  coalita,  Norman. 
Dexamine  Vedlomensis,  B.  8f  W. 
Atyliis  gibbosus,  Bate. 

bispinosus,  Bate. 

Pherusa  fucicola,  Leach. 
Calliopius  Ossiani  (Bate)  ?. 
Eusirus  Helvetia,  Bate. 
Gossea  microdeutopa,  Bate. 
Microdeuteropus  versiculatu8,2?rtte. 

Webeteri,  Bate. 

Protomedeia  hirsutimana,  Bate. 
Bathyporeia  Robertsoni,  Bate. 
Maera  brevicaudata  (Bate). 
Heiscladus  longicaudatus,  B.  fy  W. 
Sunamphithoe hamulus,  Bate. 

So  little  is  known  of  the  Scandinavian  -and  Arctic  Ccelenterata  and  Pori- 
fera  that  I  have  omitted  these  altogether  from  this  list. 


Sunamphithoe  conformata,  &ate. 
Podoceras  variegatus,  Leach?. 

falcatus  (Montagu). 

pelaricus  (Leach). 

Cerapus  abditua,  Templeton. 

difformis  (M.-IIawards). 

Naenia  rimapalmata,  Bate. 

excavata,  Bate. 

Unciola  planipes,  Norman. 
Corophiom  longicorne  (Fabr.). 
Dulichia  porrecta,  Bate. 
Phryxus  Galatheie  (Hesse). 
Cirolana  spinipes,  B.  §  W. 
Eurydice  pulcnra,  Leach. 
Arcturus  gracilis,  Goodsir. 
Pontocypris  acupunctata,  O.  S.  Brady. 
Bairdia  mflata  (Norman). 

complanata,  Brady. 

Cythere  quadridentata,  Bawd. 

emaciata,  Brady. 

antiquata  (BaWd). 

acerosa,  Brady. 

Paradoxostoma  Nonnani,  Brady. 

ensiforme,  Brady. 

Cylindroleberis  M  arise  (Baird). 
Copepoda,  very  many. 
Ascidia  rudis,  Alder. 

sordida,  A.  Sf  JET. 

depressa,  A.  fy  H. 

plebeia,  Alder. 

elliptica,  A.  6f  JET. 

Molgula  citrina.  A.  fy  JET. 
Salicornaria  Jonnsoni,  Busk. 
Membranipora  imbellia,  Hincks. 

Rosselii  (Audouin). 

Lepralia  Brongniartii  (Aud.). 

Hyndmanni,  Johnst. 

Woodiana,  Busk. 

discoidea,  Busk. 


innomiaata.  Couch. 

bispinosa,  Johnst. 

collaris,  Norman. 

pertusa  (Esper). 

labrosa,  Busk. 

simplex,  Johnst. 

tubulosa,  Norman. 

Buskia  nitens,  Alder. 
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VIII. 

Species  peculiarly  characteristic  of  the  Fauna  of  the  Outer  Haaf 

The  following  list  gives  the  species  which  impart  a  peculiar  character  to 
the  fauna  of  the  deep  sea  of  Shetland,  known  as  the  "  Outer  Haaf,"  in  a 
depth  of  80-170  fathoms.  The  Molluscan  inhabitants  of  this  region  are 
highly  interesting,  but  it  is  not  within  my  province  here  to  speak  of  them. 
Crustacea  are  few  in  numbers,  Portunus  tubercidaius,  Munida,  two  or  three 
species  of  Crangon,  Pandalus  brevirostris,  Cumacea,  Ampdisca,  and  Epimeria 
tricristata  being  the  most  abundant.  Echinodermata  are  abundant,  and  cer- 
tain species  sometimes  in  the  most  extraordinary  profusion.  Polyzoa  and 
Sponges  are  very  abundant,  but  of  Ccelenterata  there  are  but  few  species; 
those  species  which  do  occur  belong,  for  the  most  part,  to  the  Zoantharia. 
CaryophyUia  Smithii  var.  borealis  is  found  inhabiting  these  depths  in 
marvellous  abundance;  Zoanthus  anguicoma  is  common,  creeping  over 
Sponges  from  the  greatest  depths,  and  an  occasional  Bulocera  eques  or 
Tuedice,  or  a  noble  Ulocyathus  arcticus  presents  itself  to  our  admiring  gaze. 
Very  few  Tunicata  occur  below  seventy  fathoms. 

The  names  which  follow  are  of  the  most  abundant  or,  at  any  rate,  more 
conspicuous  species;  the  list  might,  had  I  so  wished,  havo  been  greatly 
extended. 

Hyas  coarctatus,  Leach. 
Portunus  pusillus,  Leach. 

tuberculatum  Boux. 

Ebalia  tuberosa  (Penn.). 
Atelecyclus  eeptemdentatus  (Montagu). 
Pagurus  pubescens,  Kroyer. 
Munida  Bamffia  {Petm.). 
Crangon  Allmani,  KinaJian. 

nanus  Kroyer. 

spinosus,  Leach. 

serratus,  Norman. 

Sabinesa  septemcarinata  (Sabine). 
Hippolyte  securifrons,  Norman. 

cultellata,  Norman. 

Pandalus  annulicornis,  Leach. 

brevirostris,  Bathke. 

Lophogaster  tvpicus,  M .  Sars. 
Cumacea,  species. 
Anonyx  tumidus,  Kroyer. 
Ampelisca,  species. 
Kroyera  altamarina,  B.  4*  W. 
Odius  carinatus  (Bate). 
Epimeria  tricristata,  Costa. 
Amphithoe  albomaculata,  Kroyer. 
SiphoDoecetes  typicus,  Kroyer. 
Naenia  rimapalmata,  Bate. 
Pontocypris  mytiloides  (Norman). 
Bairdia  complanata,  Brady. 
Macrocypris  niinna,  Baird. 
Cythere  concinna,  Jones. 

angulata  (G.  O.  Sars). 

dubia,  Brady. 

costata,  Brady. 

mucronata  (O.  O.  Sars). 

antiquata  (Baird). 


Cythere  Jonesii  (Baird) . 

abyssicola  (Sars). 

crenulata  (Sars). 

leioderma,  Norman. 

Cytheridea  papillosa,  Bosquet. 

punctillata,  Brady. 

subflavescens,  Brady. 

Sorbyana,  Jones. 

Eucji;here  declivis  (Norman). 
Sarsiella  capsula,  Norman. 
Cytheropteron  nodosum,  Brady. 

latissimum  (Norman). 

alatum,  Q.  O.  Sars. 

Bythocvthere  tur^ida,  O.  O.  Sars. 
Cypridina  Norvegica,  Baird. 
Conchoecia  obtusata,  G.  O.  Sars. 
Polypope  dentata,  Brady. 

orbicularis,  G.  O.  Sars. 

Verruca  Strbmia  (Midler). 
Alcippe  lampas,  Hancock. 
Nymphon  Stromii,  Kroyer. 
Scrupocellaria  inermis,  Norman. 
Bicellaria  Alderi,  Bush. 
Flustra  Barleei,  Busk. 
Hippothoa  catenularia,  Jameson. 

expansa,  Norman. 

Membranipora  sacculata^  Norman. 

Dumerillii  (Audouin). 

cornigera,  Busk. 

rhyncnota,  Busk. 

Rosselii  (Audouin). 

vulnerata,  Lusk. 

Lepralia  crystallina,  Norman. 

auriculata,  Hass. 

bella,  Busk. 
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Lepralia  sinuosa,  Busk. 

cruenta,  Norman. 

ansata,  Johnst. 

Woodiana,  Busk. 

ventricosa,  Hass. 

laqueata,  Norman. 

—  abyss  icola,  Norman. 

polita,  Norman. 

microstoma,  Norman. 

■         ringens,  Busk. 

monodon,  Busk. 

Alysidota  Alderi,  Busk. 
Celleporella  lepralioides,  Norman. 

pygmaea,  Norman. 

Cellepora  dichotomy  Hincks. 

ramulosa,  Linn. 

. attenuata.  Alder. 

cervicornis,  Ellis  $•  Sol. 

Palmicellaria  elegans,  Alder. 
Tessarodoma  gracile  (Sars). 
Hemeschara  struma,  Norman. 
Eschara  la?  vis  (Fleming). 

lorea,  Aider. 

Skenei  (Ellis  £  Sol). 

Retipora  Beaniana,  King. 

Crisia  eburnea,  var.  producta,  Smitt. 

Hornera  borealis,  Busk. 

violacea,  Sars. 

Idmonea  Atlantica^  Forbes. 
Tubulipora  lobulans,  HassaU. 
Alecto  major,  Johnst. 

compacta,  Norman. 

diastoporides,  Norman. 

Defrancia  truncata  (Jameson). 
Synaptadigitata  (Mont.),  purple  variety, 
lliyone  raphanus,  Dub.  #■  Kor. 
Thyonidium  hyalinum  (Forbes). 
Cucumaria Hyndmanni  (Thompson). 
Spatangus  purpureus  (Mutter). 

meridfionalis,  Bisso. 

Echinocardium  ovatum  (Lake). 
Brissopsis  lyrifera  (Forbes). 
Toxopneustes  pictus,  Norman. 


Echinus  Norvegicus,  Dub.  fy  Kor. 

Flemingii,  Bell. 

esculentus,  var.tenuispina,iVbnn<m. 

Cidaris  papillate,  Leske. 

Cribrella  sanguinolenta,  var.  abyssicola, 

Norman. 
Goniaster  Pbrygianus  (Parelius). 
Porania  pul villus  (Midler). 
Archaster  Parelii  (Dm b.  <$•  Koren). 
Astropecten  acicularis,  Norman. 
Ophiura  affinis,  Liitken. 

Saxsii.  Liitken. 

Amphiura  Ballii  (Thompson). 
Antedon  Sarsii  (Dub.  fy  Kor.). 
Bulocera  eques,  Gosse. 

Tuedi»  (Johnst.). 

Zoanthus  anguicoma.  Norman. 
Caryophyllea    Smitnii,    var.     borealis, 

Fleming. 
Ulocyathus  arcticus,  Sars. 
Diphasia  alata,  Hincks. 
Tuoiclava  cornucopiae,  Norman. 
Normania  crassa,  Bowerbank. 
Ecionemia  compressa,  Bow. 
Quaaillina  brevis  (Bow.). 
Polymastia  spinula,  Bow. 
Tethea  cranium  (Midler). 
Halicnemia  patera,  Bote. 
Dictvocylindrus  rugosus,  Bow. 
Phakelha  robusta,  Bow. 

ventilabrum  (Linn.). 

Microciona,  species. 
Ilymeraphia,  species. 
Hymedesmia,  species. 
Hymeniacidon  lingua,  Bow. 

ficus  (Esper). 

Holichondna  rorcipis,  Bow. 
Isodictya  infundibuliformis  (Linn.). 

laciniosa,  Bow. 

fimbriata,  Bote 

Raphioderma  coacervata,  Bote. 
Oceanapia  Jeifreysii,  Bow. 
Verongia  Zetlandica,  Bow. 


IX. 

Species  especially  cJiaracteristic  of  the  Fauna  of  the  Southern  portion  of  the 
British  Isles,  which  are  wholly  absent  from  the  Shetland  Seas. 

jrom  this  list  are  excluded  most  of  such  southern  forms  as  are  rare  and 
very  local  in  their  distribution. 

Portunus  corrugatus  (Pennant). 

longipes,  Bisso. 

arcuatus,  teach. 

Polybius  Henslowii,  Leach. 
Pinnotheres  pisum  (Penn.). 

veterum,  Bosc. 

Nautilograpsus  minutus(Z*Vw.)(= Planes 

Linnaeana,  Bell). 
Gonoplax  angulata  (Fabr.). 


Achaeus  Cranchii,  Leach. 
Pisa,  genus. 

Maia  squinado  (Herbst). 
Xantho  floridus  (Montagu). 

tuberculatum,  Bell. 

Pilumnus  hirtellus  (Linn.). 
Perimela  denticulata  (Mont). 
Portumnus  latipes  (Penn.). 
Portunus  marmoreus,  Leach. 
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Corystes  caasiyelaunus  {Pennant), 

Thia  polita,  Leach. 

Dromia  vulgaris,  M.-Edw. 

Diogenes    varians   (Costa)    (=Pagarus 

Dillwynii,  Bate). 
Callianassa  subterranea  {Mont.). 
Axius  stirynchus,  Leach. 
Gebia,  genus. 
Palinurus  vulgaris,  Latr. 
Crangon  sculptus,  Bell. 
Alpheus,  genus. 
Typton  spongicola,  Costa. 
Atnanas  nitescens,  Leach. 
Hippolyte  viridis,  Otto. 
Pataemon  serratus  (Penn.). 

Leachii,  Bell. 

varians,  Leach.  , 

Pasiphaea  sivado,  His&o. 
Mysis  Griffiths!®,  Bell. 
Squilla,  genus. 
Orchestia  Mediterranean  Costa. 

Deshayesii,  Aud. 

Nicea  Lubbockiana,  Bate. 
Iscea  Montagui,  M.-Edw. 
Gammarella  brevicaudata,  M.-Edw. 
Meera  grossimana  (Mont.). 

semiserrata  (Bate). 

Batei,  Norman. 

Dryope,  genus. 

Caprella  acutifrons,  Latr. 

Paranthura  Coetana,  Bate. 

Bopyrus  squillarum,  Latr. 

Gyge  branchialis,   Cor.  4*  Pane.  (=G. 

Galathe®,  B.  &  W.). 
lone  thoracica  (Montagu). 
Bocinela  Danmoniensis,  Leach. 
Conilera  cylindracea  (Mont.). 
Idotea  linearis  (Penn?). 
— —  acuminata  (Leach}. 

appendiculata  (Btsso). 

Dinamene,  genus. 
Campecopea,  genus. 
Nsssa  bidentata  (Adams). 
Balanus  spongicola,  Brown. 

perforatus,  Brugutere. 

Acasta  spongites,  PoU. 
Pyrgoma  an^licum  (Leach). 
Scrupocellana  scrupea,  Busk. 
Notamia  bursaria  (Linn.). 
Caberea  Boryi  (Aud.). 
Flustra  papyracea,  Ellis. 


Lepralia  violacea,  \7bA;w<. 

Gattyae,  Lands. 

variolosa,  Johnst, 

figularis,  Johnst. 

Cecelii  (And.). 

divisa,  Norman. 

vulgaris  (Moll.). 

venusta,  Norman. 

armata,  Hinchs. 

Cellepora  edax,  Busk. 
Eschara  foliacea,  Ellis  Sf  Sol. 

sanguinea,  Norman. 

Amathia  lendigera  (Linn.). 
Mimosella  gracilis,  Hincks. 
Holothuria  nigra,    Couch  (P=H.  tubu- 

losa,  Linn.). 
Echinus  lividus,  Lamk. 
Asterina  gibbosa  (Penn.). 
Zoantharia,  numerous. 
Sphenotrochus  M'Andrewanus,  M.-Edw. 
B&lanonhyllea  regia,  Oosst. 
Gorgoma  verrucosa,  Linn. 
Sertularia  nigra,  Pallas. 
Plumularia  cristata,  Lamk. 

tubulifera,  Hincks. 

? fusca,  Johnst. 

pennatula  (Ellis  4*  Sol.) . 

obliqua  (Saunders). 

Leuconia  nivea  (Johnst.). 
Grantia  tessellata,  Bow. 
Leucosolenia  contorta,  Bow. 
Tethea  Collingsii,  Bow. 
Schmidtii,  Bow. 

Halyphysema  Tumanowiczii,  Bow. 

Ciocalypta  penicillus,  Bow. 

Dictyocylindrus  fascicularis,  Bow. 

Hymemacidon  Brettii,  Bow. 

albescens,  Bow. 

caruncula,  Bow. 

sanguinea  (Grant). 

aurea  (Mont.). 

Halichondria  corrugata,  Bow. 

nigricans,  Bow. 

Isodictya  rosea,  Bow. 

fistulosa,  Bow. 

mammeata,  Bow. 

aimulans,  Johnst. 

Deamacidon  ffigagrophila  (Johnst.). 

Chalina  Montagui  (Johnst.). 

limbata  (Montagu). 

seriata  (Johnst.). 


Enumeration  of  Species. 

Class  CBUSTACEA. 

There  is  no  text-book  which  embraces  all  the  orders  of  Crustacea,  and 
which  can  be  followed  in  this  class.  Even  for  the  separate  orders  few 
guides  can  be  found  that  are  at  all  up  to  the  standard  of  the  present  state 
of  onr  knowledge  of  the  British  forms.     For  th^  Podophthalmia  I  have  in 
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the  main  followed  the  arrangement  of  Bell's  '  British  Stalk-eyed  Crustacea ; ' 
but  the  law  of  priority  in  nomenclature  is  not  sufficiently  attended  to  in 
that  work,  and  it  is  necessary  therefore,  in  numerous  instances,  to  substitute 
the  earlier  names  under  which  the  species  was  described ;  and  moreover  so 
greatly  has  the  study  of  even  these  larger  and  better  known  Crustacea 
advanced  during  the  last  few  years  that,  of  the  seventy-eight  species  of  this 
subclass  here  recorded,  no  less  than  thirty-one  are  undescribed  in  the 
work  referred  to.  In  the  Amphipoda  and  Isopoda  I  have  followed  the 
general  arrangement  of  the  recently  published  work  upon  '  The  British  Ses- 
sile-eyed Crustacea/  by  Messrs.  Bate  and  Westwood.  In  the  Ostracoda,  two 
admirable  guides  exist  in  Herr  G.  '0.  Sara's  i  Oversigt  af  Norges  marine 
Ostracoder,  1865,'  and  Mr.  G.  S.  Brady's  "  Monograph  of  the  recent  British 
Ostracoda"  (Trans.  Linn.  Soc.  vol.  xxvi.  1868).  In  the  Copepoda,  I  have 
derived  great  assistance  from  Dr.  Claus's  '  Die  frei-lebenden  Copepoden/  and 
from  the  smaller  memoirs  by  the  same  author.  Descriptions  of  most  of 
the  remaining  species  in  the  following  catalogue  must  be  sought  in  the 
various  papers,  monographs,  and  works  which  will  be  found  referred  to  in 
the  text. 

Order  BRACHYURA. 

Stenorhynchus  rostratus  (linn.)  (S.phalanyium,  Penn.).  5-70  fathoms,  hard 
ground,  frequent. 

longirostris  (Fabr . )  (S.  tenuirostris,  Leach).    A  few  specimens  off  Balta  &c. 

Inachus  Dorsettensis  (Penn.).  Very  rare.  One  specimen  in  1864,  and  a  few 
more  in  1867. 

dorkynchus,  Leach.     Bressay  Sound,  off  Balta,  &c. 

leptochirus,  Leach.     Not  rare  in  deep  water. 

Hyas  araneus  (Linn.).     Large  in  laminarian  zone. 

coarctatus,  Leach.     The  most  abundant  of  the  higher  Crustacea  in  the 

Shetland  seas. 

Eurynome  aspera  (Pennant).     Rare. 

Xantho  rivuhsus  (Risso).  One  young  specimen  dredged  (1867)  near  the  Island 
of  JBalta.  Small  examples  have  been  taken  in  Sweden  by  Loven  and 
Goes. 

Cancel*  pagurus,  linn. 

Carcinus  mamas  (linn.).     Remarkably  large. 

Portunus  depurator  (Linn.).     Yery  rare,  only  two  specimens. 

Jiotsatus,  Pabr.     Frequent. 

pusillus,  Leach.     Frequent. 

tuberculatus,  Roux,  Crust,  de  la  Mediterranee,  pi.  xxxii.  figs.  1-5,  = 

Portunus  pustulatus,  Norman,  Brit.  Assoc.  Rept.  1861  (1862),  p.  151. 
This  fine  addition  to  our  fauna  was  first  procured  by  me  in  1861,  and 
has  been  taken  every  year  since.  It  is  the  most  abundant  of  the  genus 
in  the  Shetland  seas,  living  in  80-120  fathoms.  The  fact  of  this  fine 
Mediterranean  species  occurring  in  the  deep  Shetland  seas,  in  company 
with  many  other  southern  forms,  which  are  not  known  in  intermediate 
localities  between  the  Mediterranean  and  the  most  northern  portion  of 
the  seas,  is  highly  interesting.  Portunus  tuberculatus  is  distinguished 
by  its  tubercular,  pustulose  carapace,  by  the  acuteness  of  the  latero- 
anterior  teeth,  and  the  great  size  of  the  posterior  tooth,  which  is  double 
the  length  of  the  preceding  ones,  and  by  the  last  legs  having  the  swim- 
ming-blade furnished  with  a  raised  median  line. 
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Ebalia  tuberosa  (Pennant)  (E.  Pennant ii,  Leach).     Abundant. 

■  tumefacta  (Mont.)  (E.  Bryerii,  Leach).    A  single  specimen,  18G4.    Curi- 

ously I  have  not  found  E.  Cranchii  in  Shetland,  though  it  seems  widely 
distributed  on  the  Scotch  coast. 

Atelecyclus  septemdentatus  (Montagu),  =  A.  heterodon,  Leach.     Common. 

Order  ANOMURA. 

Lithodes  mala  (Linn.). 

Porcellana  platychehs  (Pennant).     Tide-marks,  Out  Skerries  and  Lerwick. 

—  longlcornis  (Linn.).  Common  ;  a  pretty  variety  with  white  carapace  in 
the  neighbourhood  of  the  Out  Skerries. 

Pagurus  Bernhardus  (linn.). 

Prideauxii,  Leach.     Common,  always  with  Adamsia. 

■  cuanensis,  Thompson.  Rare,  15  fathoms.  Vidlom  Yoe,  1861 ;  also  6-7 
miles  off  Balta,  40-60  fathoms,  1867. 

pubescens,  Kroyer  (P.  Thompsoni,  Bell).     Common.     A  variety  occurs 

in  which  the  hands  are  entirely  free  from  the  hairs  which  ordinarily 
clothe  them. 

« Hyndtnanni,  Thompson.     3-12  fathoms ;  Bressay  and  Balta  Sounds ; 

hard  ground. 

Icevis,  Thompson.     Common  on  the  Haddock  (soft)  grounds. 

ferrugineus,  Norman,  Ann.  Nat.  Hist.  Oct.  1861,  pi.  xiii.  figs.  1-3. 

Two  specimens  taken  in  Dourie  Voe,  1861. 

tricarinatus,  n.  sp.  Right  chelate  foot  much  larger  than  left ;  meta- 
carpus nearly  smooth  above,  but  having  a  few  slender  porrected  spines 
on  the  distant  margin,  below  (as  well  as  succeeding  joints)  tuberculate ; 
wrist  spinosely  tuberculate  ;  hand  ovate,  broad,  with  three  much  raised 
keels,  one  median  and  two  lateral,  which  are  denticulate  on  the  crest ; 
surface  of  hand,  in  the  hollow  between  the  keels,  tuberculate ;  finger 
broad,  flattened,  having  the  outer  margin  covered  with  much  elevated 
tubercles.  Left  hand  and  wrist  narrow,  pinched  up  (as  in  P.  pubescens) 
into  a  spine-crowned  keel ;  outer  margin  of  hand  with  a  row  of  spines. 
First  two  pair  of  walking  legs  having  the  upper  margin  spined.  All 
the  limbs  slightly  hispid,  the  hairs  more  especially  developed  on  the  left 
cheliped.  Length  1|  inch.  Three  examples  dredged  in  deep  water 
in  1867. 

There  are  two  Mediterranean  species  to  which  this  fine  Pagurus 
closely  approaches,  Pagurus  angulatus,  Risso,  and  Pagurus  meticulosus, 
Roux.  The  figures  of  the  former  would  well  accord  with  P.  tricari- 
natus, were  it  not  that  the  keels  of  the  hand  are  smooth  instead  of 
strongly  tuberculate ;  and  the  latter  appears  to  differ  from  our  Shet- 
land form  in  the  more  elongated  hands.  It  is,  however,  not  improbable 
that  the  Pagurus  hero  described  may  hereafter  prove  to  belong  to  one 
of  these  southern  species. 

Order  MACRURA. 

Qalathea  strigosa  (linn.). 

—  squamifera  (Montagu). 

— —  nexa,  Embleton.     Rare,  one  specimen  only,  near  "Whalsey  Skerries, 

1861. 
— —  intermedia,  Lilljeborg  (G.  Andrewsii,  Kinahan).     Not  common.     I  am 

indebted  to  Prof.  Lilljeborg  for  typical  specimens  of  this  species,  which 
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enable  me  to  identify  it  with  the  British  G.  Andrewsii,  and  to  correct 

an  error  I  had  fallen  into  in  considering  it,  from  his  description,  to  be 

synonymous  with  G.  dispersa,  Bate. 
Galatkea  dispersa,  Bate.     Abundant. 
Munida  Bamffia  (Pennant)  (M.  Bondelelii,  Bell). 
Homarus  gammarus  (linn.). 
Crangon  vulgarus,  Fabr. 
AUmanni,  Kinahan.    Everywhere  in  deep  water.    It  is  unquestionably 

distinct  from  the  last,  which  never  occurs  in  deep  water. 

fasciatus,  Bisso.     Five  specimens,  1868. 

nanus,  Kroyer  (C  bispinosus,  Hailstone).     6-8  miles  east  of  Balta, 

40-50  fathoms,  common ;  also  Whalsey  Skerries  Haddock  ground,  and 

occasionally  elsewhere. 

trispinosus  (Hailstone).     One  specimen  near  Balta,  1863. 

spinosus,  Leach.     Common. 

serratus,  Norman,  Brit.  Assoc.  Keport,  1861  (1862),  p.  151  =  0.  echi- 

nulatus,  M.  Sars,  Videnskabs  Selsk.  Forhandl.  i  Christiania,  1861,  p.  186. 

This  species  was  discovered  by  Prof.  Sars  and  myself  about  the  same 

time.     In  1861  two  specimens  were  taken  sixty  miles  east  of  Shetland ; 

it  was  not  again  procured  in  Shetland  until  1867,  when  it  was  met 

with  in  St.  Magnus  Bay. 
Sabinasa  septemcarinata  (Sabine).     The  only  known  British  example  was 

dredged,  in  company  with  the  last,  in  80-90  fathoms,  in  1861. 
Nika  edxdis,  Risso.     Very  local ;  abundant  in  one  day's  dredging,  25  miles  N. 

by  E.  from  Unst,  90-100  fathoms,  1863 ;  St.  Magnus  Bay,  1867. 
Doryphorus  Gordoni,  Bate.     Deep  water,  very  local. 
Hippolyte  varians,  Leach  (IT.  smaragdina,  Kroyer). 

pusiola,  Kroyer  (H.  Andrewsii,  Kinahan,  H.  Barleii,  Bate). 

Cranchii,  Leach.     Rare,  and  only  the  variety  with  the  extremity  of 

rostrum  trind  (=ZT.  mufc*fa,.Kroyer  =  Zf.  Yarrellii,  Thompson). 
pandaUformis,  Bell.     Very  fine ;  abundant  in  the  West  Voe,  Whalsey 

Skerries,  1861;    also  Balta,  1863,  and  Hillswick,  1867;    always  in 

laminarian  zone. 
securifrons,  Norman.     Not  uncommon  in  deep  water. 

•  exdullata,  Norman,  Brit.  Assoc.  Report,  1866  (1867),  p.  200.     Two 


specimens  40  miles  east  of  Whalsey  Skerries  in  1861,  then  recorded  as 
"  H.  polaris."  There  are  certain  particulars,  however,  in  which  Krdyer's 
description  does  not  accord  with  the  British  form,  though  an  actual 
comparison  of  specimens  may  hereafter  prove  them  to  belong  to  the 
same  species. 

Pandalus  annidicomis,  Leach. 

brevirostris,  Rathke  {Hippolyte  Thompsoni,  Bell,  Pandalus  Jeffreysii, 

Bate).    Very  common. 

Palcemon  squilla  (Linn.^.     Tidemarks,  Lerwick,  rare,  1861. 

Order  STOMAPODA. 

Lophogaster  typieus,  M.  Sars,  Skand.  Naturf.  Mote  Christiania,  1856,  p.  160, 
Christiania  Universitets-program,  1862.  Ctenomysis  alata,  Norman, 
Report  British  Association,  1861  (1862),  p.  151.  One  specimen,  Outer 
Haaf,  Whalsey  Skerries,  in  1861 ;  a  second,  Unst  Haaf  (?),  1868.  This 
species,  described  by  me  in  1861,  was  the  subject  of  a  most  elaborate 
monograph  by  Professor  Sars  in  the  following  year. 

Thysanopoda  norvegica,  M.  Sars,  Om  Sleegten  Thysanopoda  og  dens  norske 
1868.  v 
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Arter  (Videnskabs  Selsk.  Forhandl.  for  1863),  p.  2.  Some  young  Thysa- 
nopodas  were  taken  in  the  surface-net  at  the  Out  Skerries  in  1861 ;  but 
only  one  specimen  is  sufficiently  developed  to  enable  me  to  feel  confident 
that  it  has  acquired  the  characters  of  the  adult,  and  that  one  being  a 
male,  which  is  not  separately  described  by  Sara,  I  feel  sopae  doubt  as  to 
the  identification,  more  especially  as  the  young  females  differ  in  some 
respects  (which  may  be  the  result  of  age)  from  Sara's  description. 
My  sis  flexuom  (Muller)=s3ify*w  chamcsUon,  Bell,  Brit.  Crust,  p.  836.  Com- 
mon in  rock-pools. 

inermis,  Eathke,  Beitr.  but  Fauna  Norw.  Nov.  Act.  Gsas.-Leop.  xx, 

p.  20 ;  Iilljeborg,  Offers,  af  Vet.  Akad.  Edrhan<JL  1852,  p.  3 ;  Frey  u. 
Leuckart,  Beitrage  eur  Kenntniss,  Wirbellos.  Thiere,  p.  160  ;  G.  0.  Sara, 
Beretning  (1863)  Zool.  Reise  i  Christiania  (1864),  p.  16,  =*  Mysis 
cornuta,  Naturhistorisk  Tidsskrift,  Tredie  Bsakke,  vol.  i.  (1861)  p.  26, 
pi.  i.  fig.  3,  a-g ;  Goes,  Crust.  Decap.  Podoph*  Sueeiae,  p.  14. 

Antennal  scale  oblong,  4-5  times  as  long  as  broad,  not  half  as  long 
again  as  peduncle  of  upper  antennae,  about  twice  as  long  as  the  eye ; 
apex  very  obliquely  truncate,  a  spine  at  the  external  angle  ;  outer  mar- 
gin smooth.  Rostrum  distinctly  produced  into  a  triangular  spine  of 
moderate  length.  Eye-stalks  ornamented  with  dendritic  pigment  mark- 
ings. Pereiopods  with  the  propodos  Particulate;  nail  well  formed.  Tel- 
son  closely  resembling  that  of  M.  flexuosa,  the  cleft  slightly  deeper  and 
narrower ;  16-18  spines  on  each  side,  greatest  distance  between  the  last 
and  penultimate  spine.  Fourth  abdominal  foot  in  male  less  slender  and 
more  evenly  rounded  throughout  its  length  than  that  of  M.  jleanwsa,  to 
which,  in  its  general  character,  it  closely  approaches  $  antepenultimate 
joint  not  having  any  angular  projection  at  its  extremity ;  its  seta  fully 
half  as  long  as  penultimate  joint,  which  does  not  exceed  the  last  joint 
in  length. 

Distinguished  from  M.  Jleamosa  chiefly  by  its  large  and  acuter  ros- 
trum, and  its  shorter  antennal  scale.  Rock-pools,  Shetland,  scarce; 
also  Cullercoats,  Northumberland  (A.  M.  N.),  and  Banff  (Mr.  Edward). 

spiritus,  Norman,  Ann.  Nat.  Hist.  Dec.  1860,  pi.  viii.  fig.  1  j  Trans. 

Tyneside  Nat.  Field  Club,  vol.  iv.  p.  329,  pi.  xvii.  fig.  1 ;  G.  0.  Sara, 
Beretning  (1865)  Zoologisk  Reise  ved  Kysterne  af  Christianias  og  Chris- 
tiansands  Stiffcer,  1866,  p.  19.  5-8  miles  off  Balte,  40-50  fathoms, 
1867. 

The  following  are  important  characteristics  of  this  species,  to  distin- 
guish it  from  the  next : — Antennal  scale  not  widening  from  base  to  the 
spine  on  external  margin,  that  spine  (in  both  sexes)  at  about  three- 
fifths  of  the  distance  from  the  base  to  the  extremity.  Eyes  on  long 
stalks,  which  project  beyond  sides  of  carapace.  Inner  margin  of  inner 
uropods  with  a  dense  crowded  row  of  unequal-sized  spines,  so  closely 
packed  as  to  touch  each  other  at  their  bases.  If  ale  having  the  sexual 
lobe  of  superior  antennas  much  shorter  than  the  peduncle ;  the  fourth 
foot  of  pleon  with  the  first  three  joints  subequal  in  length,  and  the  last 
joint  subequal  to  the  fourth. 

ornaia,  G.  O.  Sars,  Beretning  (1863)  Zoologist  Eeise  i  Chriejiania- 

slift.  1864,  p.  18. 

Eyes  short,  scarcely  reaching  beyond  the  sides  of  the  carapace,  and 
thick,  widening  at  the  cornea,  which  is  somewhat  kidney-shaped.  Su- 
perior antennae  with  a  stout  peduncle,  which  is  shorter  than  the  pedun- 
cle of  the  inferior  antennas ;  fiagella  longer  than  the  pereion.    Inferior 


Digitized  by 


Google 


ON  THE  SHETLAND  CRUSTACEA,  TUNICATA,  ETC.  267 

antennae  haying  basal  joint  very  short,  triangular,  the  second  long,  the 
third  two-thirds  length  of  second ;  flagellnm  long ;  antennal  scale  about 
one-third  longer  than  the  peduncle,  widening  from  the  base  to  the 
spine  of  external  margin,  thence  narrower  by  a  very  oblique  truncation 
to  the  apex ;  the  very  large  spine  in  the  middle  of  the  external  margin ; 
external  margin  below  the  spine  naked,  beyond  the  spine,  apex,  and 
inner  margin  with  long  plumose  seta),  the  second  joint  of  scale  having 
one  seta  on  each  side  and  three  terminal.  Last  joint  of  pereiopods  7-arti- 
culate.  Sixth  segment  of  pleon  only  slightly  longer  than  fifth.  Telson 
subequal  in  length  to  inner  lamellae,  and  longer  than  preceding  seg- 
ment ;  lateral  spines  25-80 ;  cleft  moderately  deep,  and  wide  toward 
the  extremity,  the  sides  being  only  slightly  convex,  and  the  serration 
longer  and  larger  than  usual  distally.  Inner  uropods  furnished  with 
long  plumose  Betae  all  round,  and  a  row  of  16-19  rather  long  subequal 
spines,  separated  from  each  other  on  the  inner  margin.  Outer  lamellae 
•  narrow,  and  of  nearly  equal  breadth  throughout,  nearly  half  as  long 
again  as  the  inner.  The  male  has  the  sexual  lobe  of  the  superior 
antennae  unusually  long,  as  long  as  the  whole  peduncle.  The  antennal 
scale  is  narrower  than  in  the  female,  the  spine  nearer  the  apex  than 
the  base,  and  the  breadth  not  greater  at  that  point  than  nearer  the 
base.  The  fourth  foot  of  pleon  is  very  long,  and  reaches  beyond  the 
telson ;  the  outer  branch  very  like  that  of  M.  spiritus,  but  the  third 
joint  is  much  longer  than  either  of  the  two  first,  which  are  subequal ; 
fifth  joint  noi;  more  than  half  the  length  of  the  fourth.  Animal  more 
or  less  tinted  with  yellowish  or  red.  A  specimen  sent  to  me  by  Mr. 
Edward  of  Banff  was  of  a  very  delicate  rose-colour. 

Taken  5-8  miles  east  of  Balta,  in  40-50  fathoms  ;  and  also  off  Sea- 
ham  on  the  Durham  coast  (A.  M.  N.),  Banff  (Mr.  Edward). 

Mi/sis  vulgaris,  J.  Y.  Thompson.  In  the  stream  which  runs  into  Deal  Voe, 
near  Lerwick. 

Mysidopsis  didelphys  (Norman).  Mysis  didelphys,  Tyneside  Nat.  Field  Club, 
vol.  v.  p.  270,  pi.  xii.  figs.  9-11 ;  Mysidopsis  didelphys,  G.  0.  Bars, 
Beretning  (1863)  Zoologisk  Reise  i  Christiania-stift.  (1864)  p.  27.  Rare, 
5-8  miles  east  of  Balta,  40-50  fathoms. 

— —  ?  hispida,  n.  sp.  Body  hispid  all  over,  the  hispidlty  evident  even  on  the 
peduncles  of  the  eyes.  Eye- stalks  of  moderate  length.  Carapace  pro- 
duced into  a  broadly  triangular  rostrum  of  considerable  length,  reach- 
ing beyond  the  middle  of  the  first  joint  of  the  superior  antennae ;  a 
notch  on  each  side  of  the  front  margin  of  carapace  opposite  the  centre 
of  the  insertion  of  the  eye.  Superior  antennae  with  peduncle  twice  as 
long  as  the  eye-stalk ;  first  joint  long,  slender,  very  concave  above,  two 
following  much  thicker,  the  third  double  the  length  of  the  second, 
hispid  like  the  body.  Inferior  antennae  with  peduncle  only  reaching 
the  extremity  of  the  penultimato  joint  of  the  superior;  scale  pro- 
duced, slenderly  subulate,  nearly  twice  as  long  as  peduncle  of  superior 
antennae  (somewhat  less  in  (J),  two-jointed,  second  joint  one-third 
total  length,  both  margins  fringed  with  long  plumose  setae,  the  second 
joint  having  on  each  side  four  lateral  at  long  intervals,  and  three 
terminal.  Last  joints  of  pereiopods  4-articulate,  first  articulation  as 
long  as  the  two  following.  Pleopods  as  in  Mysis.  Telson  linguiform, 
long  and  narrow,  subequal  to  preceding  segment ;  sides  margined  with 
30-35  spines,  which  are  of  equal  length  at  first,  but  towards  the 
extremity  much  larger  spines  alternate  at  various  distances  (e.  g.  every 
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second,  third,  fifth,  or  seventh)  with  smaller  spines,  the  rounded  entire 
apex  terminating  in  four  spines,  the  outer  pair  much  longer  than  the 
middle  pair ;  on  examining  the  telson  from  below,  it  is  seen  to  form, 
for  about  half  its  length,  an  open  tube,  the  opening  consisting  of  a 
central  slit,  the  margins  of  which  are  edged  with  small  spines.  Interior 
lamellae  swollen  at  the  base  for  the  reception  of  the  acoustic  organ,  but 
afterwards  very  narrow,  slightly  longer  than  telson.  Outer  lamellae 
remarkably  long  and  very  narrow,  fully  half  as  long  again  as  inner 
pair ;  both  margins  of  both  pairs  fringed  throughout  with  long  plumose 
setae;  inner  margin  of  inner  lamellae  also  closely  beset  with  spines, 
which  are  of  unequal  size. 

In  the  male,  the  superior  antennae  have  the  last  joint  of  the  pedun- 
cle furnished  with  the  usual  lobe  and  dense  tuft  of  hair.  All  the  pleo- 
pods  have  a  stout,  large  basal  joint,  which  gives  support  to  two  branches, 
the  inner  of  which  in  the  last  four  pair  is  multiarticulate  and  setose, 
and  gives  off,  close  to  the  base,  a  small  lateral  lobe  terminating  in  short 
setae,  but  in  the  first  pair  the  inner  branch  is  rudimentary.  The  outer 
branch  in  the  first  three  and  the  last  pair  is  also  multiarticulate  and 
setose,  but  in  the  fourth  pair  is  a  more  complicated  organ,  and  consists 
of  six  joints  at  the  base,  all  furnished  on  each  side  with  a  long  plumose 
seta,  and  two  branches  of  equal  length,  one  slender,  one-jointed,  of 
equal  thickness  throughout,  ciliate,  the  other  having  a  much  stouter 
basal  joint  and  two  multiarticulate  ciliated  filaments. 

A  single  male  in  40-50  fathoms,  5-7  miles  off  Balta,  in  1857  ;  and 
both  sexes  previously  sent  to  me  by  Mr.,  Edward  from  Banff. 

The  descriptions  of  Mysis  gracilis  and  M.  Unguura,  G.  0.  Sars,  come 
very  near  to  the  female  of  this  species,  but  the  present  is  at  once  dis- 
tinguished by  having  the  antennal  scale  two-  and  not  three-jointed. 

Genus  Gasteosacctts,  Norman. 

A  genus  of  Mysidea.  Female :  marsupial  pouch  attached  to  last  segment  of 
pereion  and  first  of  pleon.  First  pleopod  composed  of  a  much  elongated  basal 
joint,  and  two  short  one-jointed  branches ;  second  to  fifth  pairs  consisting 
of  a  single  joint.  Male  having  all  the  pleopods  consisting  of  a  basal  joint, 
and  two  branches  differently  developed  on  the  different  segments,  and  the 
third  pleopod  the  greatly  developed  sexual  organ. 

Oa8tro8accus  sanclus  (Van  Ben.) = Mysis  sancta,  Van  Beneden,  Becherch.  sur 
la  Faune  Litt.  de  Belgique,  Crustaces  (1861),  p.  17,  pi.  vii.  figs.  1-4 
(the  male),  =  Mysis  spinifera,  Goes,  Crust.  Decap.  Podophth.  marina 
Sueciae  (1863),  p.  14  (the  female) ,=Qastrosaccus  sanctus,  Norman,  Bep. 
Brit.  Assoc.  1867  (1868),  p.  438. 

Female. — Sides  of  carapace  extending  much  beyond  the  dorsal  portion, 
which  has  its  margin  elegantly  scalloped ;  fifth  segment  of  pleon  pro- 
ducing backwards  on  the  back  into  a  well-developed  spine.  Rostrum 
slightly  produced,  rounded  at  the  extremity.  Eyes  cylindrical,  on  short 
peduncles.  Superior  antennae  with  greatly  developed  peduncles;  first 
joint  as  long  as  two  following,  cylindrical,  smooth ;  second  joint  half 
length  of  last,  with  three  large  spines  in  a  longitudinal  row  on  the 
outer  margin  ;  filaments  long  and  slender,  the  outer  with  its  first  joint 
long  (equal  about  eleven  of  inner),  and  furnished  on  its  inner  face  with 
a  cutaceous  process,  apically  setose,  which  reminds  us  of  the  lobe  of  the 
males  of  Mysis.  Inferior  antennae  having  peduncle  reaching  the  last 
joint  of  peduncle  of  superior  antennae ;  scale  short,  subequal  in  length 
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to  the  penultimate  joint  of  the  peduncle,  subquadrate ;  external  margin 
smooth,  terminating  in  a  spine ;  apex  obliquely  truncate,  not  extending 
beyond  level  of  the  tip  of  the  spine  of  outer  angle ;  inner  margin  and 
apex  with  plumose  setae.  Mandible  palp  three-jointed,  last  two  joints 
long,  subequal,  last  slender,  both  setose.  Flattened  scalar  basal  joint  of 
pereiopods  having  a  naked  external  margin,  terminating  in  a  spine-like 
point.  Last  portion  of  pereiopod  multiarticulate ;  in  last  pair  articula- 
tions thirteen  in  number,  each  with  a  spine  on  both  margins,  and  spine- 
like setae  on  inner  margin.  Marsupial  pouch  attached  to  last  pereiopods 
and  first  pleopods;  the  latter  composed  of  a  long  basal  joint  (closely  resem- 
bling a  thigh-bone  in  form),  naked  during  its  length,  but  having  at  the 
base  a  little  lobe,  bearing  four  long  plumose  setae,  and  having  its 
expanded  apex  surrounded  with  a  circlet  of  similar  long  setae,  within 
which  the  two  little  branches  in  which  the  member  terminates  nestle  ; 
these  branches  one-jointed,  terminated  by  setae ;  one  branch  half  the 
length  of  the  other.  The  remaining  pleopods,  in  the  form  of  a  narrow 
scale,  furnished  with  plumose  setae.  Telson  cleft  at  the  apex  to  about 
one-fifth  of  its  length ;  sides  furnished  with  7-9  spines  of  great  size, 
more  especially  the  distal  ones,  which  are  equal  in  length  to  the  cleft ;  cleft 
margined  with  rather  long,  sharp,  slender  serrations.  Inner  laminae  sub- 
equal  in  length  to  (spines  of)  telson,  narrow,  fringed  with  long  seta?, 
and  inner  margin  also  with  about  ten  slender  spines ;  acoustic  organ 
unusually  small.  External  laminae  shorter  than  inner,  rounded  on 
apex ;  outer  margin  having  about  twelve  greatly  developed  curved  spines 
instead  of  the  usual  plumose  setae. 

Male. — The  male,  instead  of  having  a  separate  lobe  to  superior  antenna?, 
as  in  My  sis,  has  the  first  joint  of  external  filament  expanded  in  a  similar 
manner  to  the  female,  but  is  more  strongly  developed.  All  the  pleopods 
composed  of  a  large  basal  joint  (in  the  first  furnished  with  large  plumose 
setae,  in  the  others  naked)  and  two  branches;  first,  fourth,  and  fifth 
pairs  with  outer  branch  half  as  long  again  as  peduncle,  multiarticulato 
and  setose :  inner  branch  short,  with  widely  diverging  plumose  setae ;  * 
second  pair  with  both  branches  multiarticulate  and  plumose,  the  exter- 
nal branch  rather  more  developed  than  the  inner,  the  latter  with  a 
small  lateral  lobe  at  the  base ;  third  pair  having  outer  branch  of  consi- 
derable length,  consisting  of  four  long,  rounded,  slender,  smooth  joints, 
the  last  having  two  minute  marginal  spines,  and  terminating  in  two 
slender  spines ;  inner  branch  shorter  than  first  joint  of  outer,  multiar- 
ticulate and  plumosely  setose ;  basal  joint  giving  off  a  small  lateral  lobe. 
Length  three-quarters  of  an  inch. 

Dredged  5-8  miles  east  of  Balta,  in  40-50  fathoms ;  also  Banff  (Mr. 
Edward),  Firth  of  Clyde  (Mr.  D.  Robertson),  and  off  the  mouth  of  the 
Tees  and  Norfolk  coast  (Mr.  G.  S.  Brady). 

Genus  Nematopus,  G.  0.  Sars. 

Allied  to  Mysis.  Superior  antennae  having  first  joint  of  peduncle  with  a 
setiferous  process  on  the  outer  margin ;  the  last  joint  in  male  with  a  hirsute 
lobed  appendage.  Pereiopods  very  long  and  slender,  8-jointed,  nearly  fili- 
form, with  very  few  hairs,  terminating  in  a  well-formed  nail.  No  external 
branchiae.  Marsupial  pouch  as  in  Mysis.  Pleopods  in  female  rudimentary 
as  in  Mysis,  but  in  male  well  developed,  two-branched ;  branches  multiar- 
ticulate ;  the  external  branch  with  a  setiferous  process  on  its  inner  margin ; 
in  the  first  pair  the  terminal  part  rudimentary,  and  without  setae.     Telson 
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yory  short,  scarcely  longer  than  broad;  apically  broadly  truncate,  and  ter- 
minating in  four  strong  spines  and  two  plumose  setae.     Acoustic  organ  large. 
Nematopus  serratus,  G.  0.  Sars,  Om  en  i  Sommeren  1862*  Zoolog.  Keise  i 
Christ,  og  Trondhjems  Stifter  (1863),  p.  43. 

Carapace  rounded  in  front,  not  produced  into  a  rostrum,  but  a  spine 
springs  from  between  the  eyes,  and  bears  the  appearance  of  a  rostrum. 
Eyes  reniform,  clavate,  wider  than  long.  Superior  antennae  with  mid- 
dle joint  of  peduncle  very  short,  first  and  third  subequal.  Antennal 
scale  lanceolate,  about  half  as  long  again  as  peduncle  of  inferior  an- 
tennae* transversely  truncate  at  the  apex ;  external  margin  having  8-9 
spine-like  processes  down  the  side  (each  similar  in  character  to  the  single 
apical  spine  of  the  scale  in  My  sis  flexuosa  and  its  allies).  Pereiopods 
remarkably  long  and  slender,  last  joint  terminating  in  a  bunch  of  hairs. 
Telson  not  half  the  length  of  the  inner  laminae,  no  lateral  spine,  distally 
broadly  truncate,  and  furnished  with  four  long  spines,  the  inner  pair 
the  more  greatly  developed ;  in  the  middle  between  these  are  two  plumose 
setae.  External  laminae  considerably  longer  than  inner,  narrow,  and  of 
nearly  equal  width  throughout ;  both  margins  of  both  pairs  of  laminae 
fringed  with  plumose  setae,  which  on  external  margin  of  outer  laminae  are 
slender  and  short.  Colour  white,  with  a  reddish  spot  on  each  side  of  each 
segment  of  pleon,  and  a  band  across  the  fourth ;  sometimes  also  a  longitu- 
dinal line  on  each  side  of  the  carapace.  The  very  large  reniform  eyes 
are  of  a  lovely  and  brilliant  ruby-red.  Length  half  an  inch.  Dredged 
on  muddy  bottom  in  40-60  fathoms,  St.  Magnus  Bay,  1867. 

Order  CTJMACEA. 

Nannasticus  binoadoides,  Bate,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xv.  (1865)  p.  87, 
pi.  i.  fig.  4.  The  type  specimen  dredged  in  1863 ;  again  in  surface  net, 
Lerwick  Bay,  1867,  by  Mr.  D.  Robertson. 

Diastylis  echinata,  Bate,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xv.  (1865)  p.  87,  pi.  i. 
fig.  1.     The  type  specimen  dredged  in  1863. 

bispinosa  (Stimpson)=  Cuma  bispinosa,  Stimpson,  Marine  Invertebrata 

Grand  Manan,  p.  39 ;  Danielssen,  Keiscberetning  i  Thr.  Vid.  Selsk.  Skrift. 
Bd.  iv.  p.  108,  B=Cuma  cornuta,  A.  Boeck,  Videnskabs  Selsk.  Eorhandl. 
1863,  p.  190,  =  Diastylis  bicornis,  Bate,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xv. 
(1865)  p.  84,  pi.  i.  fig.  2,  =  Diastylis  bispinosa,  G.  O.  Sars,  Om  den 
aberrante  Krebsdyrgruppe  Cumacea  og  dens  nordiske  Arter  (1864),  p.  39. 
The  first  British  specimen  dredged  in  Shetland  in  1863,  and  described 
by  Mr.  Bate  under  the  name  Diastylis  bicornis. 

latvis,  n.  sp.,  =  ?  Alauna  rostrata,  Goodsir,  Edinb.  New.  Phil.  Journ. 

vol.  xxxiv.  (1843)  p.  130,  pi.  iv.  figs.  1-10. 

Pereion,  viewed  laterally,  elongated  ovate,  seen  from  above,  widest 
in  the  middle,  ovate ;  carapace  rather  longer  than  the  free  segments, 
dorsal  margin  well  arched,  surface  only  slightly  hispid,  wholly  devoid 
of  spines ;  lateral  margins  spined ;  rostrum  aoute,  slightly  bending  up- 
wards. Last  segment  of  pereion  with  the  sides  produced  backwards 
into  short  blunt  processes.  Upper  antennae  having  last  joint  of  peduncle 
as  long  as  the  first  and  longer  than  the  second ;  filament  as  long  as  last 
joint  of  peduncle.  Eirst  feet  with  the  first  joint  very  long,  equal,  or  nearly 
equal,  to  the  remaining  portion  of  the  limb ;  both  margins  furnished 
with  plumose  setae,  spinose  on  the  side ;  last  three  joints  subequal. 
Second  feet  having  the  fourth  joint  as  long  as  the  first,  and  longer  than 
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thd  last  two  combinedj  Telson  sUbequal  to  the  long  peduncle  of  lateral 
gppefidages*  lageniibrm,  gradually  tapering  from  near  the  base  to  the 
extremity*  about  twelve  spine*  on  eaeh  side  j  terminal  spines  not  larger 
than  preceding.  Lateral  appendages  with  long  and  slender  peduncle, 
with  about  26-80  spines  on  the  inner  margin  j  inner  ramus  not  half  so 
long  as  peduncle  j  first  joint  equalling  in  length  the  two  others )  inner 
margin  furnished  with  spines  of  similar  sharacter  to  those  of  peduncle, 
eight  on  first  joint,  three  en  second,  four  on  last  j  the  spines  are  peculiar, 
having  a  minute  cilium  springing  from  them  at  half  their  length  t  outer 
ramus  longer  than  inner,  ending  in  8-4  long  spine-like  setae  j  margins 
almost  naked,  only  having  very  few  scattered  setae. 

Male  wholly  devoid  of  spiny  armature  on  eephalothorax  and  pleon* 
First  joints  of  first  and  second  legs  spinose.  Telson  with  fewer  (about 
eight)  and  much  more  slender  lateral  spines,  and  the  terminal  spines 
considerably  larger  than  the  others.  Lateral  appendages  nearly  as  in  $ , 
but  the  branches  longer,  the  inner  more  than  half  length  of  the  peduncle. 
Length  half  an  inch. 

This  seems  to  be  the  commonest  species  in  our  seas.  It  is  nearly 
allied  to  D.  Rathkii,  but  the  eephalothorax  is  shorter  and  more  tumid,  and 
free  from  spines* 

Shetland  and  Durham  coast  (A.  M;  N),  Moray  Firth  (Mr.  T.  Edward). 
DutMi/lis  lamellata,  Norman,  Brit.  Assoc.  Report,  1866  (1867),  p.  200.     Two 

specimens,  St.  Magnus  Bay. 
— ; —  spinosa,  n.  spi  Male. — Pereion,  viewed  laterally  and  dorsally  elongated 
ovate;  carapace  toothed  in  the  latero-anterior  margin,  and  having  a  crested 
line  passing  from  behind,  very  near  to  and  subparallel  with  the  inferior 
margin,  which  curving  round  in  front  meets  the  crest  which  comes  from 
the  opposite  side  at  a  short  distance  behind  the  rostrum ;  this  crest, 
throughout  the  greater  part  of  its  length,  is  oomposed  of  little  fiat 
plates*  which  lie'  close  against  each  other  j  in  front,  however,  the  line  is 
broken  up  into  distinct  and  separate  spines.  Rostrum  with  rows  of  small 
spines  on  each  side;  a  slight  central  carina  on  the  carapace.  Segments  of 
pereion  smooth,  not  spined;  last  segment  produced  backwards  laterally  into 
much  produced  and  acute  processes.  Pleon  having  each  of  the  first  five 
segments  furnished  with  three  more  or  less  developed  longitudinal  rows 
of  spines  on  the  back,  and  two  at  the  edges  of  the  underside ;  the  hin- 
dermost  spine  of  each  row  the  most  developed.  Sixth  segment  un- 
spined.  Superior  antenna)  much  developed  j  peduncle  long,  last  joint 
furnished  with  a  dense  brush  of  auditory  cilia ;  filaments  long.  First 
joint  of  last  gnathopods  and  of  all  the  pereiopods  with  strong  spines. 
First  pereiopods  with  the  antepenultimate  joint  extending  beyond  the 
rostrum ;  penultimate  joint  equal  in  length  to  third  and  fourth  com- 
bined, last  joint  subequal  to  fourth.  Second  pereiopods  having  first  joint 
strongly  spined,  second  very  short,  fourth  long  and  unusually  slender. 
First  pleopods  with  basal  joint  and  two  very  unequal  branches  ;  second 
with  two  branches  of  nearly  equal  length,  but  one  with  more  numerous 
and  much  longer  plumose  setae  than  the  other ;  infero-posteal  margin  of 
second  segment  of  pleon  with  a  row  of  (six)  long  plumose  set® j  plu- 
mose setae  under  the  third  and  fourth  segments.  Telson  suddenly  bent 
downwards  at  a  short  distance  from  the  base,  gradually  attenuated, 
much  produced,  but  not  as  long  sb  the  long  peduncle  of  uropods ;  twelve 
pairs  of  long,  slender,  lateral  spines;  terminal  spines  rather  stouter. 
Inner  margin  of  peduncle  of  uropods  with  numerous. spines,  with  closely 
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ciliated  margins ;  inner  ramus  subequal  in  length  to  outer,  with  inner 
margin  of  first  joint  spined,  and  clothed  with  dense  short  fur,  of  two  fol- 
lowing joints  spined,  the  last  with  seven  spines,  which  are  more  developed 
distally ;  outer  ramus  suddenly  contracted  in  width  on  the  inner  margin 
at  a  short  distance  from  the  base;  inner  margin  smooth  (except  quite  at 
distal  extremity,  where  there  are  two* or  three  spine-like  setae);  outer 
margin  with  spine-like  (annulated?)  setae,  and  a  row  of  similar  setae  pas- 
sing down  the  back,  and  ultimately  passing  obliquely  to  the  distal 
extremity  of  the  inner  margin.     Length  half  an  inch. 

Only  the  male  is  known  to  me.     One  specimen,  Shetland,  1863,  and 
a  second  received  from  Mr.  Edward  of  Banff. 

Eudorella  truncatula  (Bate)=Eudora  truncatula,  Bate,  Ann.  Nat.  Hist.  N.  S. 
vol.  xvii.  (1856)  p.  457,  pi.  xiv.  fig.  3 ;  G.  0.  Bars,  Om  den  aberrante 
Krebsdyrgruppe  Cumacea  (1864),  p.  61,  =  Eudorella  truncatula,  Norman, 
Brit.  Assoc.  Report,  1866  (1867),  p.  197,  note.  Haddock  Ground,  near 
the  Out  Skerries,  in  1861. 

Lamprops  rosea  (Norman)=  Vaunthompsonia  rosea,  Norman,  Trans.  Tyneside 
Nat.  Field  Club,  vol.  v.  (1863)  p.  271,  pi.  xiii.  fig.  1-3  (the  female),  = 
Cyrianassa  elegans,  id.  ib.  p.  275,  pi.  xiv.  fig.  1-6  (the  male),  =  Lamprops 
rosea,  G.  0.  Sars,  Om  Cumacea,  p.  64.     St.  Magnus  Bay,  rare. 

Cumella  agilis,  n.  sp.  Male. — Pereion  longer  than  pleon,  five  segments  un- 
covered by  carapace.  Carapace  longer  than  free  segments  of  pereion, 
much  deeper  in  front  than  behind ;  no  distinct  rostrum ;  anterior  margin 
deeply  concave  at  the  side ;  infero-anteal  corner  produced  and  toothed ; 
teeth  2-3 ;  surface  of  carapace  smooth.  Inferior  antennae  not  so  long 
as  pereion ;  second  joint  of  peduncle  with  a  dense  tuft  of  hair  above, 
third  joint  also  hispid.  All  pereiopods,  except  last,  furnished  with  a 
palp  of  unusual  structure,  which  has  a  second  joint  which  is  longer 
than  the  first,  and  slender,  not  setose ;  then  several  (?  five)  very  short 
setiferous  joints  which,  combined,  do  not  equal  more  than  one-third  length 
of  second  joint.  First  joint  of  1st  to  4th  pairs  of  pereiopods  monstrously 
developed,  long,  and  very  massive,  while  the  remaining  portion  of  the 
limb  is  very  slender ;  first  pair  short,  scarcely  reaching  extremity  of  the 
head;  first  joint  with  a  long  slender  spine  at  the  extremity  of  the  hinder 
margin,  fourth  joint  equalling  in  length  the  two  following ;  third  and 
fourth  pereiopods  with  2nd  to  6th  joints  not  equalling  length  of  first;  no 
whip-setae ;  sixth  joint  in  form  of  a  long  slender  nail.  No  pleopods.  Tel- 
son  rudimentary,  widely  truncate  at  extremity.  Uropods  with  peduncle 
longer  than  rami,  a  few  scattered  spines  on  inner  margin  ;  inner  ramus 
uniarticulate,  longer  and  much  stouter  than  the  outer,  with  ten  spines  on 
inner  margin,  increasing  in  size  distally ;  outer  ramus  two-jointed,  ter- 
minating in  a  long  slender  spine,  with  a  minute  spine  on  each  side  of  it, 
no  other  spines  or  setae.  Length  scarcely  more  than  an  eighth  of  an  inch. 
Taken  abundantly  (only  males)  in  the  surface-net  at  night  in  Balta 
Sound,  1863  (A.  M.  N.) ;  and  by  similar  means  in  Lerwick  Bay  and 
Kirkwall,  1867  (Mr.  D.  Robertson). 

Jphinoe  serrata,  Norman,  Brit.  Assoc.  Report,  1866  (1867),  p.  201.  One 
specimen  in  70-80  fathoms,  sand,  Outer  Haaf,  Out  Skerries,  1861, 
and  again  in  St.  Magnus  Bay,  30-60  fathoms,  1867. 

gracilis,  Bates  Venilia  gracilis,  Bate,  Ann.  Nat.  Hist.  2nd  ser.  vol.  xvii. 

(1856)  p.  460,  pi.  xvi.  fig.  7,  =  Cyrianassa  gracilis,  Bate,  Ann.  Nat. 
Hist.  2nd  ser.  vol.  xviii.  (1856)  p.  187.  Rare,  near  Balta  Sound,  1863, 
in  towing-net. 
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The  genus  Cyrianassa  is  founded  on  the  male  of  Iphinoe.  The  genus 
is  characterized  (chiefly)  by  having  the  pereion  very  long,  five  segments 
uncovered  by  carapace,  and  its  posterior  segments  scarcely  deeper  than 
those  of  pleon  ;  the  last  four  pereiopods  in  both  sexes  without  a  palp  ; 
the  telson  rudimentary  ;  the  uropods  with  both  branches  Particulate, 
the  inner  strongly  spined :  and  in  the  male  by  having  the  first  five  seg- 
ments of  pleon  furnished  with  well-developed  biramous  pleopods.  I  am 
by  no  means  certain  that  the  present  species  is  not  the  male  of  Iphinoe 
trispinosa.  Undoubted  males  of  that  species  resemble  the  I.  gracilis 
very  closely,  except  that  they  have  2-3  spines  on  carapace,  and  the 
pleopods  have  not  the  long  plumose  setae  which  adorn  those  of  the  latter 
species.  It  is  possible,  however,  that  the  development  of  these  setae 
may  depend  upon  age,  and  that  the  presence  or  absence  of  the  small 
dorsal  spines  may  not  constitute  more  than  varietal  distinction.  Future 
observation  must  be  left  to  clear  tip  this  point. 
Cunia  scorpioides,  Bate,  Ann.  Nat.  Hist.  2nd  ser.  vol.  xvii.  (1856)  p.  456, 
pi.  xiv.  fig.  2,  =  ?  Cancer  scorpioides,  Montagu,  Linn.  Trans,  vol.  ix. 

Taken  in  Balta  Sound  in  1863.  Known  by  its  strong  angular  and 
keeled  carapace.  Only  four  segments  of  pereion  are  exposed,  and  the 
penultimate  and  the  antepenultimate  of  these  are  raised  into  a  rounded 
rib  across  the  back.  The  uropods  have  both  branches  two-jointed,  and 
only  half  as  long  as  peduncle,  subequal  to  each  other,  inner  with  nume- 
rous short  blunt  spines,  but  the  two  distal  ones  of  each  joint  long,  outer 
with  plumose  setae  on  the  inner  margin;  peduncle  without  spines  or 
setae,  but  minutely  serrulate  on  inner  margin.  The  male,  as  in  Iphinoe, 
has  five  well-developed  pairs  of  pleopods. 

Order  AMPHIPODA. 

Talitrus  locusta  (Linn.). 

Orchestia  littorea  (Montagu). 

Probolium  monoculoides  (Montagu) =Montagua  monoculoides,  Bate  &  West- 
wood.  BreBsay  Sound,  and  5-8  miles  off  Balta,  50  fathoms.  Costa's 
genus  Probolium  (Bicerche  sui  Crostacei  Amfipodi  del  regno  di  Napoli, 
1853,  p.  199)  is  synonymous  with,  and  has  precedence  of,  Bate's  Hon- 
tayua,  which  was  established  in  1855. 

marinum  (B&te)=Montagua  marina,  Bate  &  Westwood.     5-8  miles 

east  of  Balta,  50  fathoms,  and  on  the  Skerries  Outer  Haaf,  in  70-80 
fathoms. 

■  Alderi  (Bate)  =  Montagua  Alderi,  B.  &  W.  A  single  specimen  of 
what  I  consider  a  variety  of  this  species  taken  in  Lerwick  Bay.  It  dif- 
fers from  the  ordinary  form  in  having  the  hand  of  the  second  gnatho- 
pods  longer,  being  more  than  twice  as  long  as  broad,  and  in  the  palm 
being  less  oblique,  crenately  toothed  throughout  (instead  of  in  part 
only),  and  the  projecting  tooth-like  process  bounding  the  palm  of  smaller 
size. 

■  serratipes,  n.  sp.  Antennae  rather  short.  Second  gnathopods  with  the 
metacarpus  posteally  produced  into  a  small  tooth-like  process ;  wrist 
produced  below  into  an  elongated  lobe,  which  stretches  along  the  pos- 
terior margin  of  the  hand  (after  the  manner  of  the  genus  Monoculodes)  to 
half  its  length,  and  terminates  in  two  or  three  setae;  hand  of  large 
size,  elongated,  of  somewhat  unusual  form,  widest  in  the  middle,  from 
which  point  the  posterior  margin  gently  slopes  towards  the  anterior 
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margin,  "both  towards  the  base  and  towards  the  finfcer,  at  this  point 
the  elongated  lobe  of  the  wrist  terminates  and  the  palm  begins  5  this  is 
gently  arched,  sloping  away  to  the  base  of  the  claws,  with  the  margin 
denticulately  serrated  throughout  (no  spines  or  larger  teeth) ;  finger  as 
long  as  the  palm,  slender,  curved  correspondingly  to  the  palm.  First 
and  second  pereiopods  slender,  propodos  and  nail  long.  Last  pereiopods 
having  the  metacarpus  infero-postcally  produced  (as  is  usual  in  the 
genus)  to  half  the  length  of  the  wrist ;  no  portion  of  the  limb  serrated. 
Length  one-twelfth  of  an  inch.  One  specimen,  dredged  in  about  50 
fathoms  in  St.  Magnus  Bay,  1867.  Probolium  polyprion,  Costa,  agrees 
with  the  present  species  in  having  a  serrated  palm  to  the  second 
gnathopods,  but  differs  in  the  form  of  the  hand,  and  the  presence  of  spines 
at  the  distal  extremity  of  the  palm,  in  the  wrist  not  being  produced, 
and  in  the  anterior  margin  of  the  last  pair  of  pereiopods  being  serrated. 

Probolium  pollexianum  (Ba.te)=Montaguapollexiana,  Bate  &  Westwood.  5-8 
miles  east  of  Balta  in  50  fathoms ;  apparently  rare  in  Shetland,  one 
specimen  only  having  been  found. 

Lysianassa  Costa*,  M.-Edwards.     Scarce. 

Audouiniana,  Bate.    A  specimen  taken  among  Laminarise,  3-6  fathoms, 

Out  Skerries  Harbour,  "in  1861,  and  then  submitted  to  Mr.  Bate,  was 
considered  by  him  to  be  a  "  black-eyed  variety"  of  this  species. 

hngicornis,  Lucas.     One  specimen,  20-25  miles  north  of  Burrafirth 

Lighthouse  in  1863. 

Anonyx  longicomis,  Bate.  A  few  specimens,  deep  water,  St.  Magnus  Bay. 
This  species  is  recognized  instantly  by  the  peculiar  dorsal  and  lateral 
angles  of  the  body,  and  the  curious  hooded  form  of  the  large  first  joint 
of  the  superior  antenna). 

—  serratus,  A.  Boeck,  Forhandl.  ved  de  Skand.  Nature.  8  de  Mode,  1860, 
p.  641 ;  Lilljeborg,  Crustac.  Lysianassina  of  Norway  and  Sweden,  1865, 
p.  29.  Anonyx  Edwardsii,  Bate  &  Westwood,  Brit.  Sessile-eyed  Crust, 
vol.  i.  page  94  (but  not  A.  Edwardsii  of  Krbyer).  Dredged  in  Vidlom 
Yoe,  and  between  tide-marks  at  Lerwick  in  1861. 

. Holbollii,  Krbyer,  Naturhist.  Tidsskr.  2  Raekke,  Bd.  ii.  p.  8 ;  Voyage 

Scand.  Crustac.  pi.  xv.  figs.  1,  a-s ;  Lilljeborg,  Crust.  Lysianassina  of 
Sweden  and  Norway,  p.  31;  Bruzelius,  Skand.  Amphip.  Gamma- 
ridea,  p.  43  (but  not  A.  Holbollii  of  Bate  and  other  British  authors),  = 
Anonyx  dmticulatus,  Bate  &  Westwood,  Brit.  Sessile-eyed  Crust,  vol.  i. 
p.  101. 

Common,  Bressay  Sound,  15  fathoms ;  Bressay  Sound,  7  fathoms ; 
off  Balta,  50  fathoms  ;  Balta  Sound  and  St.  Magnus  Bay. 

gulosus,  Krbyer,  Naturhist.  Tidssk.  Anden  Beekkc,  1  Bd.  p.  611 ;  Voy- 
age en  Scandinavic,  pi.  xiv.  Eg.  2 ;  Bruzelius,  Skand.  Amphip.  Gamin, 
p.  44 ;  Lilljeborg,  Crust.  Amphip.  Lysianassina,  p.  24,  *=Lysianassa 
gxdosa,  Goes,  Crust.  Amphip.  maris  Spetsbergiam  alluentis,  p.  4,  «= 
Anonyx  Holbollii,  Bate  &  Westwood,  Brit.  Sessile-eyed  Crust,  vol.  i. 
p.  104  (but  not  A.  Holbollii  of  Krbyer). 

2-5  fathoms,  Out  Skerries  Harbour,  among  Laminarise,  1861. 

—  nanus,  Krbyer,  Naturhist.  Tidsskr.  2  lUekke,  2  Bd.  p.  30  ;  Lilljeborg, 
Crust.  Amphip.  Lysianassina,  p.  28. 

Dredged  in  deep  water,  St.  Magnus  Bay,  1867.  New  to  Britain.  I 
have  received  it  also  from  Mr.  D.  Robertson,  who  took  it  in  the  surface 
net  in  the  Firth  of  Clyde;  and  from  Mr.  Laughrin  from  Polperro, 
where  it  would  seem  to  be  remarkably  abundant. 
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Anonyx  nanoides,  LQljeboi^,  Oust.  Amphip.  Lysiariassihaj  p.  25*  pi.  iii.  figs. 
82-34,  =  ?  Anonyx  nanus  ?j  Bruzelius,  Skand;  Amph,  Galnmaridea,  p.  42. 
Another  addition  to  our  fauna*  procured  in  1867*  in  shallow  water, 
in  Bressay  and  Balta  Bounds,  among  Laminari®. 

plautus,  Kroyer.     Mr.  Bpence  Bate  doubtfully  referred  to  this  Species 

an  Anonyx  from  the  laminarian  zone  in  the  Out  Skerries  Harbour* 
procured  in  1861; 

longipes,  Bate.     A.  longipes,  Bate  &  Westwood,  British  Sessile-eyed 

Crust,  vol.  i:  p.  113,  the  female,  s=A.  ampulla,  Bate  <fe  Westwood,  I.e. 
p.  116,  the  male  (but  not  A.  ampulla  of  Kroyer),  =A.  longipes,  lillje- 
borg, Crust.  Amphip.  Lysianassina,  p.  23,  pi.  iii.  figs.  23-31;  Prof. 
Lilljeborg  is  unquestionably  right  in  considering  the  A.  ampulla  of  the 
'  British  Sessile-eyed  Crustacea*  to  be  the  male  of  A.  longipes.  I  have 
taken  both  sexes  in  Balta  Sound  and  in  St.  Magnus  Bay.  The  true 
A.  ampulla  of  Kroyer  is  the  next  species  which  is  now  added  for  the 
first  time  to  our  fauna. 

ampulla  (Phipps).      Cancer  ampulla,  Phipps,  Yoyage  towards   the 

North  Pole,  1773,  p.  191,  pi.  xii.  fig.  2,  =  J  Anonyx  lagena,  Kroyer, 
Gronlands  Amphipoder,  p.  237,  pi.  i.  fig.  1 ;  M.-Edwards,  Hist.  Nat. 
des  Crustac.  vol.  iii.  p.  21 ;  Bate*  Cat.  Amphip,  Crust,  p,  77,  bl.  xii. 
fig.  7 ;  Goes,  Crust.  Amphip.  maris  Spetsber;  alluentis,  p.  2*  =  tf 
Anonyx  appendiculosa,  Krdyer,  Gronlands  Amphipoder*  p.  240,  pi.  i. 
fig.  2  ;  M. -Edwards,  Hist.  Nat.  des  Crust,  iii.  p.  21,  =  Anonyx  ampulla. 
Kroyer,  Naturhist.  Tidsskr.  Anden  Rsekke,  Bd.  i.  p.  678  j  Voyage  en 
Scandinavie,  pi.  xiii.  fig.  2 ;  Bruzelius,  Skand.  Amphip.  Gamm.  p.  39 ; 
Lilljeborg,  Crust.  Lysianassina  of  Norway  and  Sweden,  p.  23  (but  not 
A.  ampulla  of  Cat.  Amphip.  Crust.  Brit.  Mus.  nor  of  Sessile-eyed  Crus- 
tacea). 

This  Anonyx,  the  specimens  agreeing  in  all  respects  with  Spitsber- 
gen examples,  received  from  Prof.  Lovcn,  except  that  they  are  not  more 
than  a  quarter  the  size,  was  procured  on  the  Out  Skerries  Middle  Haaf, 
in  1861.  It  occurred  in  hundreds  upon  a  fish  which  had  been  brought  up 
dead  on  a  fisherman's  long  line.  It  would  appear  to  be  one  of  the 
scavengers  of  the  seas ;  for  Goes  also  writes  of  it,  "  Ad  Spetsbergiam 
inter  algas,  praesertim  fundo  arenoso  et  argillaceo  profdnditate  orgyarum 
trium  usque  ad  sexaginta  copia  stupenda,  eo  ut,  si  perite  ac  prudenter  in 
captura  versaris,  hos  pelagi  voracissimos  vespellones  mohbus  milliariis 
cadavere  avium  vel  phocarum  brevi  e  fundo  elicere  potes."  The  contour 
of  this  Anonyx  is  peculiarly  rounded  and  smooth,  by  which  character  it 
may,  without  microscopic  examination  of  the  limbs,  be  distinguished 
from  longipes.     It  is  now  first  added  to  our  fauna. 

tumidus,  Kroyer,  Naturhistorisk  Tidsskr.  Anden  Raskke,  Bd.  ii.  p.  16 ; 

Voyage  en  Scandinavie,  pi.  xvi.  fig.  2;  Bruzelius,  Skand.  Amphip. 
Gammarid.  p.  41 ;  Spence  Bate,  Cat.  Amphip.  Brit.  Mus.  p.  73  j  Lillje- 
borg, Crust.  Amphip.  Lysianassina,  p.  32,  pi.  iv.  fig.  51 ;  Heller, 
Amphip.  des  adriatischen  Meeres,  p.  25y  pi.  iii.  fig.  6-12,  = Lysianassina 
tumida,  Gdes,  Crust.  Amphip.  maris  Spetsbergiam  alluentis,  p.  2. 

A  single  specimen  taken  in  the  branchial  sac  of  an  Ascidian  in  1863, 
and  many  more  in  1867,  living  in  a  fine  undescribed  sponge,  ftaphio- 
derma  coacervata  of  this  Report,  which  was  dredged  26-30  miles 
N.N.W.  of  Burrafirth  Lighthouse  in  170  fathoms. 

melanophthalmiis,  Norman,  Brit.  Associ  Report,  1866  (1867),  p;  201. 

One,  5-8  miles  off  Balta,  in  60  fathoms,  1867. 
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Acidostoma  obesum  (Bate),  =Anonyx  obesus,  B.  &  W.,  Brit.  Sessile-eyed  Crust, 
vol.  i.  p.  98,  =  Acidostoma  obesum,  Iilljeborg,  Crust.  Lysianassina,  p.  34, 
pi.  v.  fig.  53-65.     St.  Magnus  Bay,  in  deep  water. 

CaUisoma  crenata,  Bate.  Out  Skerries,  Middle  Haaf,  40  fathoms ;  off  Isle 
of  Balta,  40-50  fathoms ;  St.  Magnus  Bay. 

Stegocephalus  ampulla  (Phipps),  Cancer  ampulla,  Phipps,  Voyage  toward  the 
North  Pole,  1774,  p.  191,  pi.  xii.  fig.  3,  ^Stegocephalus  inflatus,  Kroyer, 
Naturhist.  Tidsskr.  Forste  Rsekke,  Bd.  i.  p.  150 ;  Bruzelius,  Skand.  Am- 
phip.  Gammarid.  p.  38,  =  Stegocephalus  ampulla,  Bate,  Cat.  Amphip. 
Brit.  Mus.  p.  63,  pi.  x.  fig.  2 ;  Goes,  Crust.  Amphip.  maris  Spetsberg. 
alluentis,  p.  5. 

A  female  laden  with  eggs  was  dredged  in  1867  in  St.  Magnus  Bay, 
in  about  50  fathoms.  It  was  not  quite  a  quarter  of  an  inch  in  length, 
a  pigmy  compared  with  its  giant  brethren  from  Spitzbergen,  with  which, 
however,  it  agrees  closely  in  all  particulars.  This  arctic  species  is  a 
very  interesting  addition  to  the  British  fauna. 

Opts  leptochela,  Bate  &  "West.  MS.  "  Shetland,  received  from  Mr.  Jeffreys," 
Bate  in  hit.     A  species  not  yet  described. 

Pontoporeia  affinis,  Lindstrom,  OfVers.  af  K.  Vet.  Akad.  Forh.  1855,  p.  63 ; 
Bruzelius,  Skand.  Amphip.  Gammarid.  p.  48 ;  Bate,  Cat.  Amphip.  Brit. 
Mus.  p.  83,  pi.  xiv.  fig.  2.     "  Shetland,  from  Mr.  Jeffrey s,"  Bate  in  litt. 

Ampelisca  aquicornis,  Bruzelius,  Skand.  Amphip.  Gammarid.  p.  82,  pi.  iv. 
^.  15. 

Superior  antenn®  much  longer  than  peduncle  of  inferior ;  third  joint 
half  length  of  first,  and  scarely  more  than  one-fourth  of  second.  In- 
ferior antennae  with  last  two  joints  of  peduncle  subequal,  both  pairs  of 
antennae  fringed  with  long  hairs,  and  speckled  with  crimson  throughout, 
a  stain  of  the  same  colour  at  the  joints  of  the  peduncle;  nail  of  first 
two  pairs  of  pereiopoda  longer  than  the  two  preceding  joints  combined. 
Last  pereiopods  having  the  posterior  lobe  of  the  basos  produced  down- 
wards to  the  distal  extremity  of  following  joint,  rounded  inferiorly; 
meros  not  posteally  produced ;  propodos  and  nail  broad  and  flat.  Infero- 
posteal  angle  of  third  segment  of  pleon  not  produced.  Last  uropods 
much  longer  than  preceding  pairs,  branches  nearly  as  long  again  as 
peduncle.  Telson  cleft  almost  to  the  base,  reaching  one-third  the  length 
of  the  branches  of  last  uropods.  Generally  a  conspicuous  hump  on  the 
back  of  the  fourth  segment  of  pleon,  and  a  hollow  in  the  back  of  the 
sixth.  A  common  species  in  our  seas.  Shetland,  Skye,  Northumber- 
land and  Durham  coasts,  Guernsey. 

tenuicornis,  Lilljeborg,  Ofvers.  af  Kong.  Vet.  Akad.  Forhand.  1855, 

p.  123 ;  Bruzelius,  Skand.  Amphip.  Gammarid.  p.  84 ;  Bate,  Cat.  Crust. 
Amphip.  Brit.  Mus.  p.  96. 

Head  produced,  obliquely  truncate  in  front,  the  antenna?  attached  to 
the  oblique  truncation  and  directed  downwards.  Superior  a n ten n so 
about  equal  in  length  to  peduncle  of  inferior ;  second  joint  of  peduncle 
much  more  slender  than  first ;  third  joint  scarcely  differing  in  size  or 
length  from  the  joints  of  the  filament,  rather  more  than  half  length  of 
second.  Inferior  antennae  with  last  two  joints  subequal,  very  long  and 
slender;  filament  very  long  and  slender;  antennae  speckled  with  red. 
Nail  of  first  two  pairs  of  pereiopoda  longer  than  two  preceding  joints 
combined.  Last  pereiopods  having  the  posterior  lobe  of  the  basos  pro- 
duced downwards  to  the  distal  extremity  of  the  following  joint, 
rounded  inferiorly;  meros  not  posteally  produced;  propodos  and  nail 
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not  very  broad  or  much  flattened.  Infero-posteal  angle  of  third  seg- 
ment of  pleon  not  produced.  Last  uropods  much  longer  than  preceding 
pairs ;  branches  about  half  as  long  again  as  peduncle.  Telson  cleft  nearly 
to  the  base,  equal  in  length  to  the  penultimate  uropods,  and  reaching 
to  one-third  the  length  of  the  rami  of  the  last  pair. 

A  smaller  species  than  the  last,  distinguished  by  the  oblique  truncation 
of  the  extremity  of  the  head,  and  by  the  slenderness  of  the  antennae,  and 
their  great  difference  in  length.  It  is  usually  prettily  painted  with  lilac 
or  rose-colour  about  the  lower  parts.  Shetland,  Skye,  Guernsey  (A.M.N.), 
and  Aberdeenshire  (Mr.  Dawson).  I  hare  had  the  opportunity,  through 
the  kindness  of  Professor  Lov£n,  of  comparing  the  individuals  here  de- 
scribed of  this  species  and  of  A.  laevigata  with  Bohuslan  examples,  and 
thus  am  enabled  to  speak  positively  as  to  their  identity. 

Ampelisca  carinata,  Bruzelius,  Skand.  Amphip.  Gammarid.  p.  87,  pi.  4.  fig. 
16 ;  Bate,  Cat.  Amphip.  Crust.  Brit.  Mus.  p.  371,  =  Ampelisca  Oaimardi, 
Bate,  Cat.  Amphip.  Crust.  Brit.  Mus.  p.  91 ;  Bate  and  Westwood,Brit.  Ses- 
sile-eyed Crust,  p.  127  (but  not  A.  Oaimardi  of  Kroyer  and  Bruzelius). 
Head  vertically  truncate.  Superior  antennas  a  little  longer  than 
peduncle  of  inferior ;  peduncle  reaching  middle  of  penultimate  joint  of 
peduncle  of  inferior ;  second  joint  scarcely  longer  than  first ;  third  joint 
about  one-third  as  long  as  second ;  lower  side  of  whole  peduncle  beset 
with  numerous  transverse  tufts  of  short  hair;  first  joint  of  filament 
larger  than  usual,  looking  more  like  a  joint  of  the  peduncle,  furnished 
below  with  a  bunch  of  (?  auditory)  setae.  Inferior  antennae  extremely 
long,  equalling  whole  length  of  animal;  upper  margin  of  peduncle 
clothed  with  transverse  rows  of  tufted  hair,  similar  to  those  on  lower 
side  of  superior  antennae ;  last  joint  nearly  half  as  long  again  as  penul- 
timate ;  filament  very  slender.  Nails  of  first  two  pairs  of  pereiopoda  not 
longer  than  two  preceding  joints  combined.  Two  last  segments  of  pleon 
(fifth  and  sixth  are  coalesced  into  one)  elevated  dorsally  into  very  con- 
spicuous humps.  In  other  respects  agreeing  closely  with  A.  asquicornis, 
of  which  species  I  strongly  suspect  that  it  is  the  male.  Shetland 
(A.  M.  N".) ;  Kirkwall  Bay,  Orkney  (Mr.  D.  Robertson) ;  Aberdeenshire 
coast  (Mr.  Dawson). 

The  species  described  by  British  authors  as  A.  Oaimardi  is  unques- 
tionably the  A,  carinata  of  Bruzelius ;  the  true  A.  Oaimardi,  according 
to  that  author's  characters,  differs  from  all  British  forms  in  the  structure 
of  the  last  uropods  and  telson.  "Pedes  abdominis  ultimi  paris  duo 
paria  antecedentia  haud  superantes.  Appendix  caudalis  brevis,  lata, 
parum  fissa.,> 

laevigata,  lilljeborg,  Ofvers.  af  Kong.  Vetensk.  Akad.  Forhandl.  1855, 

p.  123 ;  Bruzelius,  Skand.  Amphip.  Gammarid.  p.  84 ;  Bate,  Cat.  Amphip. 
Crust.  Brit.  Mus.  p.  96. 

Head  much  produced,  squarely  truncated  in  front.  Superior  antennae 
very  short,  not  reaching  end  of  penultimate  joint  of  peduncle  of  inferior ; 
second  joint  of  peduncle  half  as  long  again  as  first,  third  joint  closely 
resembling  joints  of  filament,  which  are  only  about  six.  Inferior  an- 
tennae with  a  very  long  peduncle,  the  last  joint  distinctly  shorter  than 
preceding.  First  and  second  pereiopods  having  the  nails  very  long,  con- 
siderably longer  than  the  two  preceding  joints  combined.  Last  pereiopods 
having  the  posterior  lobe  of  the  basos  produced  downwards  to  the  distal 
extremity  of  the  following  joint,  truncate  inferiorly,  and  closely  fringed 
with  long  plumose  setae;  meros  produced  backwards  and  downwards 
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into  a  rounded  lobe  of  considerable  size,  fringed  with  plumose  setae ; 
carpus  antero-distally  bearing  a  circlet  of  strong  spines ;  propodos  much 
flattened  and  expanded.  Third  segment  of  pleon  having  the  posterior 
margin  waved,  and  produced  backwards  at  the  infero-posteal  angle  into 
an  acute  hastate  point.  Telson  cleft  almost  to  the  base,  having  a  row 
of  spine-like  hairs  down  middle  of  each  portion,  reaching  to  the  middle 
of  the  branches  of  the  last  uropods,  which  are  much  longer  than  the 
preceding  pairs.  Balta  Sound  and  St.  Magnus  Bay,  Shetland  (A.  M.  N) ; 
Kirkwall  Bay,  Orkney  (Mr.  D.  Robertson);  Aberdeenshire  (Mr.  Dawson). 
[Amjteluca  macrocephala,  Lilljeborg,  Ofversigt  af  Kong.  Vetensk. 
Akad.  iorhandl.  1852,  p.  7,  and  1855,  p.  137;  Bruzelius,  Skand.  Amphip. 
Gammarid.  p.  85 ;  Bate,  Cat.  Crust.  Amphip.  Brit.  Mus.  p.  94,  agrees 
with  A.  laevigata  in  having  the  infero-posteal  angle  of  the  third  seg- 
ment of  the  pleon  producod  backwards  into  a  spine-like  point,  but 
differs  in  that  the  meros  of  the  last  pereiopods  has  no  posterior  lobe. 
I  have  dredged  it  in  the  Sound  of  Skye.  The  Ampelisca  Belliam  of  Bate 
appears  to  be  referable  to  this  species.] 
Phoxus  Holbolli,  Kroyer.  Out  Skerries  Harbour,  3-5  fathoms ;  St.  Magnus 
Bay. 

plumosus,  Kroyer.     Balta  Sound,  St.. Magnus  Bay;  Outer  Haaf,  3-90 

fathoms. 
(Ediceros  parvimanus,  Bate  &  Westwood.     The  type  specimens  were  procured 
in  1861,  in  70-90  fathoms,  sixty  miles  east  of  Shetland ;  and  I  have  since 
found  it  in  other  directions  on  the  Haaf,  and  very  abundantly  on  the 
soft  muddy  ground  of  St.  Hagnus  Bay. 

eequicornis,  n.  sp.     Rostrum  extending  beyond  the  first  joint  of  upper 

antennae.  Upper  antenna)  having  the  three  joints  of  the  peduncle  of 
nearly  equal  length,  vnAi  more  slender  than  preceding ;  filament  equal 
the  length  of  last  two  joints  of  peduncle,  composed  of  five  long  articu- 
lations. JiOwer  antenna)  slender  but  short;  peduncle  exceeding  the 
length  of  that  of  superior  by  nearly  the  last  joint,  which  is  equal  in 
length  to  the  penultimate ;  filament  very  slender,  4-5  jointed,  equal  in 
length  to  the  last  joint  of  peduncle.  First  gnathopods  with  wrists  in- 
feriorly  produced  into  a  wide  rounded  lobe  reaching  forwards  to  the 
commencement  of  the  palm  ;  hand  obovate,  widest  in  the  centre  where 
the  palm  commences,  which  is  very  oblique ;  finger  slender,  simple,  as 
long  as  palm.  Second  gnathopods  very  like  the  first,  but  the  hand 
slightly  larger,  and  rather  more  elongated.  All  the  pereiopods  with  very 
long  and  nearly  straight  nails,  which  about  equal  the  propodos  in  length ; 
propodos  much  longer  than  carpus.  Penultimate  pereiopods  with  a  row 
of  6eta)  down  the  middle  of  the  basos.  Last  pereiopods  with  the  basos 
small,  elongated,  pear-shaped,  equally  produced  anteally  and  posteally ; 
both  margins  with  small  cilia,  the  hinder  margin  also  crenated ;  the  last 
four  joints  nil  greatly  produced,  and  each  longer  than  the  basos ;  the 
whole  limb  very  long.  Length  about  one-fourth  of  an  inch.  A  single 
specimen  from  St.  Magnus  Bay,  in  30-60  fathoms,  18(57.  (E.  cequicorni* 
comes  near  to  (E.  brevicalmr  of  Goes ;  but  his  figures  represent  the 
hands  narrower  in  proportion  to  the  wrists  than  in  the  present  species, 
and  there  are  other  slight  points  of  difference.  He  does  not  describe  or 
figure  the  last  pereiopods,  which  are  the  most  characteristic  organs  in 
(E.  (equiconlis. 

Genus  Sybrhoe,  Goes. 

Head  produced  into  a  rostrum.     Eyes  like  those  of  (Ediceros.     Upper  an- 
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tenn©  with  a  secondary  appendage.    Mandible  having  a  three-jointed  palp. 

Gnathopods  not  subchelate.     Telson  squamiform,  deeply  cleft. 

Syrrhoe  hamatipes,  n.  sp.  None  of  the  segments  of  pleon  serrated  or  toothed. 
Superior  antennae  with  a  smooth  round  peduncle,  reaching  the  middle 
of  the  penultimate  joint  of  the  inferior,  the  first  joint  nearly  as  long  as 
two  following  combined,  which  are  subequal  to  each  other,  the  last 
rather  the  shorter ;  filament  rather  longer  than  peduncle,  composed  of 
7-8  long  slender  articulations ;  secondary  appendage  two-jointed.  In- 
ferior antenna  with  a  long  peduncle,  last  joint  rather  longer  than  the 
first,  and  two-thirds  as  long  as  second ;  filament  shorter  than  peduncle, 
7-jointed,  joints  very  long  and  slender.  Gnathopods  not  subchelate, 
almost  identical  in  structure ;  wrist  with  subparallel  margins,  of  nearly 
equal  breadth  throughout ;  hand  much  narrower  than  and  about  two- 
thirds  the  length  of  wrist,  which  it  resembles  in  form  ;  posterior  margins 
of  both  wrist  and  hand  with  numerous  plumose  setae ;  anterior  margin 
with  two  or  three  such  setae ;  finger  two- thirds  length  of  hand,  only 
very  slightly  curved,  not  capable  of  being  closed  with  the  hand.  Pereio- 
pods with  meros  and  carpus  of  equal  length ;  propodos  rather  more  than 
half  length  of  carpus  and  much  narrower ;  nail  small,  bent  at  right 
angles  to  propodos,  and  having  a  little  spine  at  half  its  length;  two 
spines  project  forwards  from  the  extremity  of  the  propodos,  which  are  as 
long  as  the  nail.  Last  pereiopods  short,  having  the  basos  greatly  pro- 
duced backwards  and  downwards  into  a  membranaceous  lobe,  which  ex- 
tends to  the  distal  extremity  of  the  meros ;  meros  and  carpus  subequal 
in  length,  both  very  wide  and  flat,  the  latter  slightly  tapering  distally ; 
both  margins  fringed  with  plumose  setae,  and  the  carpus  terminating  in 
such  setae  of  considerable  length  and  extending  beyond  the  nail ;  pro- 
podos styliform,  much  shorter  than  and  scarcely  a  quarter  as  broad  as 
the  carpus ;  nail  (similar  to  those  of  preceding  pereiopods)  slender,  small, 
bent  at  right  angles  to  the  propodos,  and  having  a  little  spine  at  half 
its  length.  Last  uropods  two-branched ;  branches  subequal,  lanceolate. 
Telson  squamiform,  not  long,  cleft  to  the  base.  Length  one-fourth  of 
an  inch.     One  specimen,  dredged  in  St.  Magnus  Bay,  1867. 

I  place  this  species  provisionally  in  the  genus  Syrrhoe;  the  head 
having  been  crushed,  I  am  unable  to  speak  with  precision  respecting 
the  eyes  and  rostrum. 

Monoculodes  carinatus,  3&te=^(Edicero8  qffinis,  Bruzelius,  Skand.  Amphip. 
Gammarid.  p.  93,  pi.  iv.  fig.  18.  St.  Magnus  Bay,  1867.  Male  and 
female ;  tHe  antennae  much  longer  in  the  former,  as  is  also  the  case  with 
(Ediceros  paiirimanus. 

— —  Stimpsoni,  Bate.  Sixty  miles  east  of  Shetland,  in  70-90  fathoms,  one 
specimen,  1861. 

Krbyera  altamarina,  Bate  &  Westwood.  The  type,  taken  sixty  miles  east  of 
Shetland  in  1861 ;  also  6-8  miles  east  of  Balta,  in  40-50  fathoms,  1867. 

Uroihoe  marimus,  Bate.  Balta  Sound ;  5-8  miles  east  of  Balta,  and  St.  Mag- 
nus Bay,  5-60  fathoms. 

elegant,  Bate.     In  the  same  localities  as  the  last  -,  also  on  the  Out 

Skerries  Haaf,  in  60-70  fathoms. 

Bairdii,  Bate.     St.  Magnus  Bay. 

Littjeborgia  JShetlandica,  Bate  &  "Westw.  The  types  were  dredged  in  40 
fathoms,  one  mile  north  of  Whalsey  Lighthouse,  and  in  2-5  fathoms  in 
Out  Skerries  Harbour  in  1861. 

Jphimedia  obesa,  Kathke.    Widely  distributed,  2-50  fathoms. 
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Odius  earinatus  (Bate)..  Otus  carinatus,  Bate  &  Westw.  Brit.  Sessile-eyed 
Crust,  p.  224.  Very  rare ;  two  specimens  only,  in  70-80  fathoms, 
sixty  miles  east  of  Shetland,  1861.  The  type  was  taken  by  Mr.  Barlee 
in  his  last  expedition  to  the  Shetland  Islands.  The  name  Otus  being 
preoccupied,  Lilljeborg  has  substituted  that  of  Odius  for  this  genus 
(Lilljeborg,  Crust.  Amphip.  Lysianas.  p.  19). 

Helleria  coalita,  Norman,  Ann.  Nat.  Hist.  4th  ser.  vol.  ii.  (Dec.  1868)  p.  418. 
Surface-net,  Lerwick  (Mr.  D.  Robertson). 

Epimeria  tricristata,  Costa,  Ricerche  sui  Crostacei  Amfipodi  del  regno  di 
Napoli  (1853),  p.  197,  pi.  ii.  fig.  2,  =Acanthonotus  Owenii,  Bate,  Brit 
Assoc.  Rep.  1855,  p.  58 ;  Bate  and  Westwood,  Brit.  Sessile-eyed  Crust, 
p.  232.  Common  in  deep  water.  This  species  is  well  described  and 
figured  by  Costa,  whose  name  must  be  adopted,  since  the  specific  name 
is  four  years  prior  to  that  of  Bate ;  and  as  regards  the  genus,  Acaniho- 
notus  being  preoccupied  among  the  Fishes,  and  Vertumnus  only  a  MS. 
title,  we  must  also  take  that  of  the  Italian  naturalist. 

Dexamine  spinosa  (Montagu).  Out  Skerries  Harbour,  Lerwick  and  Balta 
Sounds,  among  Laminariae,  always  in  shallow  water. 

tenuicomis,  Rathke.     In  similar  localities  to  the  last. 

Vedlomensis,  Bate  <fc  "Westwood.     The  type  taken  in  Vidlom  Voe  in 

1861,  since  dredged  in  St.  Magnus  Bay,  60  fathoms;  and  5-8  miles  off 
Balta,  40-50  fathoms. 

Atylus  Swammerdamii  (M.-Edwards)  =  Amphithoe  compressa,  Lilljeborg, 
Ofvers.  af  K.  Vet.  Akad.  Forhandl.  1852,  p.  8.  Bressay  Sound  and 
Hillswick,  among  seaweeds. 

gibbosus,  Bate.  An  interesting  species  on  account  of  the  peculiar  cha- 
racter of  the  carpi  of  the  pereiopoda.  It  appears  constantly  to  live 
parasitic  in  sponges  {Halichondria  panacea  chiefly)  between  tide-marks 
and  in  shallow  water.  Abundant  in  Burrafirth  Caves,  also  Balta  Sound, 
Out  Skerries  Harbour,  &c. 

bispinosus,  Bate.     St.  Magnus  Bay,  in  50  fathoms. 

macer,  n.  sp.  Pleon  having  the  posterior  margin  of  the  first  five  seg- 
ments serrated  right  across  the  back,  with  a  larger  central  hastate 
tooth,  which  increases  in  size  from  the  first  to  the  fourth  segment, 
where  it  attains  its  greatest  development.  All  the  members  of  the  body 
unusually  long  and  slender ;  pereiopods  excessively  long  and  delicate ; 
basos  of  posterior  pairs  narrow ;  meros  and  carpus  both  very  long,  the 
former  the  longer,  and  both  longer  than  the  long  propodos ;  nail  very 
slender  (half  as  long  as  propodos),  with  a  single  seta  beyond  the  middle 
of  the  inner  margin.  Uropods  very  long,  the  last  pair  with  peduncle 
and  rami  subequal,  the  whole  organ  as  long  as  four  segments  of  pleon 
(*.  e.  third  to  sixth).  First  gnathopods  the  longer,  second  the  stouter ; 
in  both  pairs  the  hand  shorter  than  wrist,  and  the  palm  undefined. 
Telson  deeply  sulcated.  Length  a  quarter  of  an  inch.  St.  Magnus 
Bay,  muddy  bottom,  60  fathoms,  1867.  The  eye  in  this  species  is 
situated  unusually  low  down  and  opposite  the  base  of  the  inferior  an- 
tennae ;  the  antennae  are  broken  off  in  my  specimens.  The  slenderness 
of  the  anterior  pereiopods  is  very  remarkable. 

Pherusa  bicuspis  (Kroyer).  Amphithoe  bicuspis,  Kroyer,  Gronlands  Amphip. 
p.  273,  pi.  ii.  fig.  10.  Balta  Sound,  5  fathoms ;  and  Bressay  Sound, 
3-7  fathoms. 

fucicola,  Leach.     Out  Skerries  Harbour,  3-5  fathoms,  1861. 

Calliopiu8  Ossiani  (Bate).  One  mile  north  of  Whalsey  Lighthouse,  40  fa- 
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thorns;  forty  miles  east  of  Whalsey  Skerries,  70-90  fathoms.  The 
name  Calliope  being  preoccupied,  Lilljeborg  has  changed  the  title  of 
this  genus  to  Calliopius. 

Calliopius  Fingalli  (Bate  &  Westw.).     The  type  specimen  found  in  1861. 

E asi r as  Helvetia,  Bate  =*Eusirus  bidens,  Heller,  Amphip.  des  adriatischen 
Meeres,  p.  32,  pi.  iii.  fig.  19.  Five  to  eight  miles  east  of  Balta,  in  40-50 
fathoms,  sand,  1867.  Thighs  of  last  three  pereiopods  strongly  serrated 
behind;  first  two  segments  of  pleon  dorsally  produced  into  a  central 
tooth ;  hinder  margin  of  third  segment  of  pleon  serrated  on  the  side, 
lower  serrations  directed  upwards,  upper  serrations  directed  downwards ; 
all  the  uropods  subequal  in  length ;  telson  reaching  to  the  middle  of 
the  rami  of  the  last  pair. 

Leucothoe  farina  (Savigny).     St.  Magnus  Bay  and  Balta  Sound. 

articulosa  (Montagu).     In  branchial  sac  and  water-passages  of  Ascidia 

mentula  and  A.  venom.  This  species  and  Anonyx  tumidus  are  the  two 
Amphipoda  which,  with  a  number  of  Copepoda,  constitute  the  crustacean 
parasites  of  the  Ajscidiadce. 

Oossea  microdeutopa,  Bate.     Found  in  1861 ;  the  exact  habitat  forgotten. 

Aora  gracilis,  B&te=Autonoe  punctata,  Bruzelius,  Skand.  Amphip.  Gammarid. 
p.  24,  pi.  i.  fig.  3.  Common  in  shallow  water  in  all  the  Voes,  among 
Laminariae.  The  female  differs  widely  from  the  male  in  the  structuro 
of  the  first  gnathopods.  In  these  organs  the  meros  is  not  abnormal  (as 
in  male),  the  wrist  subquadrate,  slightly  widening  distally,  posteriorly 
fringed  with  setae,  and  a  tuft  of  set©  on  the  side ;  propodos  broadly 
ovate,  with  tufts  of  setae  on  both  margins ;  palm  undefined,  except  by 
the  presence  of  a  spine  with  which  the  finger  when  closed  impinges ; 
finger  strong,  half  length  of  hand,  serrate  on  the  inner  margin,  with  a 
small  cilium  in  each  serration.  I  believe,  judging  from  specimens  named 
for  me  by  Mr.  Bate,  and  the  figure  and  description  which  represent  an 
animal  "  sparingly  scattered  with  black  dots,"  that  the  Microdeuteropus 
anomalus  of  Bate  and  Westwood,  p.  293  (not  of  Rathlce),  is  the  female 
of  this  species ;  but  the  females  of  this  and  of  the  next  species  are  so 
very  much  alike  as  to  be  almost  undistinguishable. 

Microdeuteropus  anomalus  (Rathke).  Gammarus  anomalus,  Nova  Acta  Leop. 
1843,  p.  63,  pi.  iv.  fig.  7,  =Autonoe  anomala,  Bruzelius,  Skand.  Amphip. 
Gammarid.  p.  25,  pi.  i.  fig.  4  (but  scarcely  Microdeutopus  anomalus^ 
Bate  &  Westwood,  Brit.  Sessile-eyed  Crust,  p.  289),  =  Microdeutopus 
gryUotalpa,  Bate  <fe  "Westwood,  I.  c.  p.  289  (but  not  of  Costa). 

The  figure  in  the  '  Brit.  Sessile-eyed  Crustacea '  of  Microdeutopus  gryl- 
lotalpa  represents  the  young  male  of  this  species ;  in  the  adult  male  the 
strong  tooth-like  process  of  the  carpus  of  the  first  gnathopods  is  itself 
furnished  with  a  secondary  (lateral)  tooth  ;  and  the  hand  is  much  nar- 
rower at  the  base  than  at  the  apex,  tho  posterior  margin  being  concave ; 
this  state  is  well  represented  by  Bruzelius,  pi.  i.  fig.  4,  d.  The  female 
is  extremely  like  that  of  the  last  species,  and  is  sufficiently  well  repre- 
sented at  p.  293,  Brit.  Sessile-eyed  Crust. ;  though,  for  reasons  already 
stated,  I  incline  to  think  that  that  figure  really  is  drawn  from  the  female 
of  Aora.  This  species  is  most  certainly  not  the  Microdeutopus  gryUo- 
talpa of  Costa  (Ricerche  sui  Crostacei  Amfip.  del  regno  di  Napoli, 
p.  231,  pi.  iv.  fig.  10),  which,  from  the  four  teeth  of  the  carpus,  seems  to 
be  closely  allied  to,  if  not  identical  with  the  Autonoe  grandimana  of 
Bruzelius.  Dredged  in  70-90  fathoms,  about  forty  miles  east  of  the 
Out  Skerries,  1861. 
1868.  x 
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Microdeuteropus  vemcidatus,  Bate.  The  figures  given  of  this  species  repre- 
sent the  female.  The  male  differs  greatly  in  the  structure  of  the  first 
gnathopods ;  these  have  the  carpus  very  large,  ovate,  and  very  broad, 
infero-posteally  produced  into  a  simple  tooth -like  process,  which  reaches 
forward  to  not  quite  half  the  length  of  the  hand ;  hand  as  wide  or  wider 
at  the  extremity  than  at  the  base ;  posterior  margin  convex,  undulated ; 
finger  internally  serrated,  serrations  very  few,  three  to  five  only.  Rare 
in  Shetland ;  70-80  fathoms,  Outer  Haaf. 

Websteri,  Bate.     Bate  and  "Westwood's  figure  represents  the  male. 

Specimens  from  Bressay  Sound  have  a  deep  brown  broad  band  across 
the  pereion ;  and  in  company  with  them  were  other  specimens  similarly 
marked,  and  agreeing  in  general  characters,  but  with  gnathopods  of 
totally  different  structure.  These  I  take  to  be  the  females.  They  so 
closely  resemble  the  females  of  Aora  gracilis  and  Microdeuttropus  ano- 
malvs  that  one  description  would  suffice  for  all.  Also  taken  among 
LaminarisB  in  St.  Magnus  Bay  and  on  the  Haaf.  I  question  whether 
there  are  sufiicient  grounds  for  separating  the  genus  Aora  from  Micro- 
deuteropus.  We  have  seen  that  the  females  of  two  are  almost  undis- 
tinguishable ;  and  if  Aora  be  divided  from  Microdeuteropus  because  the 
tooth-like  projection  proceeds  from  the  meros  and  not  the  carpus,  M. 
Websterii  must  in  justice  have  a  similar  distinction  conferred  upon  it, 
because  in  that  species  the  tooth-like  projection  does  not  spring  from 
either  meros  or  carpus,  but  from  the  hand. 

Genus  Megamphopus,  n.  g.* 
Antennae  slender  (imperfect),  the  insertion  of  the  lower  so  much  behind  that 
of  the  upper  that  the  end  of  the  third  joint  of  the  peduncle  is  only  on  a  level 
with  the  end  of  the  head.  First  segment  of  pereion  produced  forwards  and 
downwards  on  each  side  into  a  remarkable  horn-shaped  process.  Both  pair 
of  gnathopods  greatly  developed,  of  equal  size,  and  subchelate.  First  three 
pereiopods  short,  last  two  much  longer.     Telson  tubular. 

Megamphopus  comutus,  n.  sp.  (species  typica).  Head  produced  greatly  be- 
yond the  origin  of  the  inferior  antenna) ;  eye  round,  black,  immediately 
behind  the  base  of  the  superior  antennae,  and  thus  greatly  in  advance 
of  the  origin  of  inferior  antennae.  Superior  antennae  slender,  first  joint 
-  very  much  thicker  than  but  only  about  half  the  length  of  second,  sub- 
equal  in  length  to  last ;  (there  is  perhaps  a  very  minute  secondary 
appendage,  one-jointed,  not  half  length  of  first  joint  of  filament ;  but  as 
the  filaments  of  the  antennae  are  imperfect,  I  cannot  speak  with  cer- 
tainty on  the  point,  all  I  am  confident  of  is  that  if  there  is  a  secondary 
appendage  it  is  excessively  minute).  Inferior  antenna)  with  the  distal 
extremity  of  the  third  joint  only  reaching  the  extremity  of  the  head ; 
fourth  joint  twice  as  long  as  third,  and  last  joint  rather  longer  than 
fourth ;  filament  subequal  in  length  to  last  joint  of  peduncle,  com- 
posed of  eight  long  articulations.  First  segment  of  pereion  produced 
forward  and  downwards  into  a  curious  horn-like  process,  the  form  of 
the  side  of  the  segment  and  its  process  reminding  one  strongly  of  the 
side  of  a  wheelbarrow  and  its  handle.  .  First  gnathopods  greatly  deve- 
loped ;  basos  long  and  slender,  two  following  joints  short ;  carpus  long, 
nearly  four  times  as  long  as  broad,  anterior  margin  straight,  naked, 
posterior  margin  gently  convex,  with  little  tufts  of  seta),  distally  pro- 
duced into  a  short  blunt  proeess  which  curves  backwards ;  propodos 
*  Meya*,  great;  du<pw}  both  ;  xoiV,  a  foot. 
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not  quite  bo  long  as  carpus,  ovate ;  palm  continuous  with  the  hanc},  with 
a  row* of  about  eight  strong  spines;  finger  gently  curved,  shutting 
closely  against  the  hand,  which  it  nearly  equals  in  length.  Second 
gnathopods  in  general  character  very  like  the  first,  but  the  propodos 
somewhat  broader  and  longer  (as  long  as  carpus),  with  two  or  three 
longitudinal  rows  of  hairs  in  place  of  the  spines  of  the  first  pair,  and 
the  finger  only  about  half  its  length.  Bases  of  the  anterior  pairs  of 
pereiopods  of  somewhat  twisted  form,  the  front  margin  armed  with 
several  (5-6)  strong  spines.  All  the  uropods  subequal  in  length,  bear- 
ing the  same  general  characters  as  in  the  genus  Microdeuteropus. 
Telson  tubular.  Length  a  third  of  an  inch.  A  single  specimen  pro- 
cured in  1863. 

Protomedeia  pectinate,  n.  sp.  Superior  antennae  with  second  joint  of  peduncle 
subequal  in  length  to  but  much  more  slender  than  first,  last  joint  two- 
thirds  length  of  second ;  filament  slightly  longer  than  peduncle,  con- 
sisting of  about  ten  long  articulations ;  secondary  appendage  two-jointed, 
scarcely  longer  than  first  articulation  of  filament.  Inferior  antennae 
subpedlform,  short;  filament  not  longer  than  last  joint  of  peduncle. 
First  gnathopods  having  basos  fringed  anteriorly  with  a  few  scattered 
long  setae;  ischium  having  a  postero-distal  dense  tuft  of  long  seta; 
meros,  carpus,  and  propodos  all  posteriorly  thickly  clothed  with  rather 
long  setae,  the  last  two  subequal  in  length,  the  propodos  oblong,  sub- 
parallel  sided,  twice  as  long  as  broad,  distally  truncate ;  finger  strong, 
much  longer  than  the  truncated  extremity  of  propodos,  not  internally 
serrate  (as  in  $>  of  Mierodeuteropus  versiculatus,  which  this  species  re- 
sembles in  general  structure  of  first  gnathopods),  but  furnished  with  a 
single  large  spine  on  the  inner  edge  near  the  apex.  Second  gnathopods 
having  basos  long  (equal  in  length  to  four  succeeding  joints),  posteriorly 
straight,  anteriorly  convex,  and  furnished  with  two  rows  (one  on  edge 
and  the  other  a  little  within  it)  of  very  long  slender  setae,  arranged  in  a 
comb-like  manner  i  ischium  and  meros  narrower  than  carpus ;  carpus 
narrow,  only  slightly  widening  distally ;  propodos  subequal  in  length  to 
carpus,  lanceolate,  tapering  from  base  to  distal  extremity,  both  margins 
fringed  with  long  setae,  those  of  the  anterior  side  the  longer ;  finger 
long,  narrow,  of  equal  thickness  throughout,  more  than  half  as  long  as 
propodos,  not  unguiculate,  nor  capable  of  being  bent  back  upon  tte  pro- 
podos; the  blunt  distal  extremity  terminated  by  two  or  three  setae. 
First  pereiopods  not  having  the  meros  anteriorly  produce^ ;  finger  very 
long  and  slender,  subequal  to  propodos,  and  much  longer  than  carpus. 
Last  pereiopods  with  hinder  margin  of  basos  not  serrated,  furnished  with 
a  row  of  distant  setae,  which  take  their  origin  from  some  little  distance 
within  the  margin.  Telson  and  uropods  closely  resembling  in  structure 
those  of  the  species  of  Microdeuteropus. 

A  single  specimen  (a  female  ?)  dredged  in  St.  Magnus  Bay,  1867. 

(?)  Whitei,  Bate.     Five  to  eight  miles  off  the  island  of  Balta,  40-50 

fathoms,  and  in  Balta  Sound,  about  7  fathoms. 

This  species  is  certainly  no  Protomedeia ;  the  squamate,  double  telson 
separates  it  from  that  genus.  I  believe  it  to  be  the  female  of  Lillje- 
borgia  Shetland! ca ;  at  any  rate  the  male  of  the  present  species  most 
closely  resembles  the  drawing  and  description  of  that  species  in  all 
respects  except  that  the  basos  of  the  last  pereiopods  is  not  so  distinctly 
serrated  as  figured.  Unfortunately  my  type  specimens  of  Lilljeborgia 
Shetlandica  have  been  mislaid  ;  and  for  the  present  it  will  be  better  to 
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keep  the  species  apart,  notwithstanding  a  very  strong  suspicion  that 
they  will  hereafter  prove  to  be  the  same. 

Protomedeia  hirsutimana,  Bate.  Unst  Haaf,  90-100  fathoms,  and  5-8  miles 
east  of  Balta,  40-50  fathoms.  The  posterior  portion  of  the  body,  un- 
known to  Mr.  Bate,  has  some  very  remarkable  characters.  The  last 
three  pereiopods  successively  increase  in  length,  the  apex  of  the  palm  is 
truncate,  the  finger  is  short,  strong,  and  bifid,  and  takes  its  origin  from 
one-half  only  of  the  end  of  the  propodos,  while  from  the  other  half 
spring  several  long,  spine-like  seta).  First  and  second  uropods  sub- 
equal  in  length ;  the  first  with  the  branches  furnished  with  the  usually 
formed  spines ;  the  second  of  most  unusual  and  remarkable  character, 
'  excessively  strong  and  massive,  the  branches  furnished  on  their  upper 
edge  with  two  rows  of  immensely  strong,  but  very  short,  stout,  blunt 
spines ;  last  uropods  shorter  than  preceding  pairs ;  branches  subequal 
to  peduncle,  each  bearing  about  three  strong  spines  and  terminating  in 
a  tuft  of  set®.     Telson  tubular.  * 

The  extraordinarily  massive  and  immensely  strong  spined  second 
uropods  have  no  parallel,  as  far  as  I  am  aware,  among  the  known 
species  of  Amphipoda. 

Bathyporeia  pihsa,  Lindstrom.  Forty  miles  east  of  Out  Skerries,  70-90 
fathoms ;  5-8  miles  east  of  Balta,  40-50  fathoms ;  Balta  Sound,  5-7 
fathoms. 

Eobertsoni,  Bate.     "  Two  specimens  have  been  dredged  by  our  friend 

Mr.  J.  Gwyn  Jeffreys  in  the  Shetlands"  (Bate  and  Westwood). 

Melita  obtusata  (Montagu)  =  Melita  proccima,  Bate  &  Westw.  Brit.  Sessile- 
eyed  Crust,  p.  344  (the  more  common  variety  of  male),  =Megatna!ra 
Alderi,  Bate  <fc  Westwood,  p.  407  (the  female).  St.  Magnus  Bay,  off 
Balta,  Outer  Haaf,  <fec. 

Melita  proximo,  is  the  common  form  of  the  male,  and  Megamarra 
Alderi  is  the  female.  The  variety  of  the  male  with  a  central  dorsal 
tooth  on  the  second  and  third  segments  of  pleon  is  far  less  common, 
and  is  the  typical  Melita  obtusata  (Mont.) ;  one  specimen  of  this  variety 
has  occurred  to  me  in  Shetland,  and  other  specimens  show  scarcely 
visible  rudimentary  teeth  on  those  segments. 

Mara  longimana  (Leach) =Megamcera  longimana,  Bate  &  Westw.,  the  male 
ssMegamoera  othonis,  Bate  &  Westw.,  the  female.  St.  Magnus  Bay,  both 
sexes. 

brevicavdata  (Bate)  =Megamcera  brevicaudata,  B.  &  W.     A  specimen 

determined  by  Mr.  Bate,  dredged  in  4  fathoms,  Bressay  Sound,  1861. 

Eurysiheus  eryihrophthalmus  (Iilljeborg).  5-8  miles  off  Balta,  40-50  fathoms. 

Amathilla  Sabini  (Leach).     Tide-pools,  frequent. 

Qammarus  marinus,  Leach.     Between  tide-marks. 

campy  lops  f  Leach.     "  Our  friend  the  late  Mr.  Barlee  sent  us  some  from 

the  Shetlands  "  (Bate  and  Westwood). 

locusta,  Linn. 

pulex,  Linn. 

Hdsdadus  longicaudatus,  B.  &  W.  The  type  specimens  were  taken  in  1861, 
in  2-5  fathoms,  Out  Skerries  Harbour;  also  St.  Magnus  Bay,  and  Balta 
and  Bressay  Sounds. 

Amphiihoe  rvbricata  (Montagu). 

littorina,  Bate. 

albomaculata,  Kroyer.     The  only  known  British  specimen,  dredged  in 

1861,  sixty  miles  east  of  Shetland,  in  70-90  fathoms* 
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Sunamphithoe  liamulus,  Bate.  Out  Skerries  Harbour,  2-5  fathoms,  1861 ; 
HUlswick,  among  LaminariaD,  1867. 

conformata,  Bate.     "  Sent  to  us  by  the  late  Mr.  Barlee,  who  took  it  off 

the  Shetlands"  (B.  &  W.). 

Podocerus  pulchellus  (Leach).  Among  Tubularia  indivisa,  in  the  caves  of 
Burrafirth ;  and  among  Laminariae  at  HiUswick. 

variegatus,  Leach.  One  mile  north  of  "Whalsey  Lighthouse,  in  40  fa- 
thoms ;  and  in  the  Burrafirth  caves. 

capiUatus,  Rathke.  Among  Tubularia  indivisa,  in  Halse  Hellyer,  Bur- 
rafirth; among  Laminariae,  HiUswick;  Out  Skerries  Harbour,  3-5 
fathoms ;  and  one  mUe  north  of  Whalsey  Lighthouse,  in  40  fathoms. 

I  question  whether  B.  and  W.'s  figure  of  the  entire  animal  represents,  - 
as  they  suppose,  the  immature  state  of  this  Podocerus ;  but  the  figures 
of  the  gnathopod  and  superior  antennae  Ulustrate  the  strongly  marked 
features  of  the  mature  P.  capiUatus. 

falcatus  (Montagu).     Out  Skerries  Harbour,  3-5  fathoms;  Burrafirth 

caves ;  Bressay  and  Balta  Sounds. 
-  pelagicus  (Leach).    With  the  last,  of  which  I  beUeve  it  to  be  the  female. 


I  have  never  met  with  a  male  pelagicus,  nor  a  female  falmtxis.  The  two 
forms  occur  in  company,  and  the  structural  differences  seem  confined  to 
the  exact  form  of  the  hand  of  the  gnathopods,  organs  which  seem  gene- 
raUy  to  differ  among  the  Amphipoda  according  to  the  sex. 

Cerapus  abditus,  Templeton.     Balta  Sound  and  HiUswick. 

difformis  (M. -Edwards)  £  ,—Dercothoe  punctatus,  M. -Edwards,  <j>  .  Vid- 

lom  Voe ;  off  Balta  and  St.  Magnus  Bay.  Dercothoe  punctatus  is  unques- 
tionably the  female  of  0.  difformis,  not  of  C.  abditus.  The  form  which 
B.  and  W.  figure  as  the  female  of  C.  difformis  is  probably  a  variety  of 
the  male. 

Siphonoscetes  typicus,  Kroyer.  The  first  British  specimen,  dredged  in  1861, 
sixty  miles  east  of  Shetland,  in  70-90  fathoms ;  also  5-8  utiles  east  of 
Balta,  40-50  fathoms,  1867. 

Ncenia  rimapalmata,  Bate.  St.  Magnus  Bay,  and  5-8  miles  east  of  Balta ; 
40  miles  east  of  Whalsey  Lighthouse,  70-90  fathoms. 

excavata,  Bate.     Off  Balta,  and  in  St.  Magnus  Bay. 

Cyrtophium  armatum,  n.  sp.  Body  strongly  tubcrculated ;  head  with  a 
central  tubercle ;  first  segment  of  pereion  with  two  tubercles,  one  behind 
the  other,  all  the  remaining  segments  of  pereion  and  first  two  of  pleon 
having  a  transversely  placed  pair  of  tubercles,  one  on  each  side  of  the 
back,  the  tubercles  of  the  last  segment  of  pereion  and  of  the  first  two  of 
pleon  much  larger  than  the  others.  First  gnathopods  with  wrist  and 
hand  subequal  in  length,  the  former  wider  at  the  base  than  at  the  distal 
extremity,  with  many  setae  on  sides  and  posterior  margin,  but  none  on 
the  anterior  margin ;  the  latter  subtriangular,  widest  in  the  middle  (at 
the  commencement  of  the  palm),  sloping  thence  equaUy  to  the  base  and  to 
the  origin  of  the  finger,  anterior  margin  gently  convex,  dorsal  margin, 
sides,  and  palm  bearing  many  seta3 ;  finger  not  quite  as  long  as  the  palm, 
strong,  with  a  slightly  bifid  extremity.  Second  gnathopods  with  basos 
antero-distaUy  produced  into  a  strong  spine-formed  process ;  ischium, 
meros,  and  carpus  all  very  short,  and  subequal  in  length,  the  meros  on 
the  posterior  side  running  ou£  into  a  very  large  spine-formed  lobe; 
hand  very  large,  obovate,  very  broad ;  palm  half  its  length,  bearing  a  few 
smaU  setae;  finger  very  large  and  strong,  weU  arched,  inner  margin 
simple.     Pereiopods  with  the  basos  not  at  aU  expanded,  nor  wider  than 
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the  following  joints;  nails  strong,  scimitar-shaped,  the  entire  limbs 
almost  naked  (having  only  a  very  few  short  set©  upon  them).  Length 
one-fifth  of  an  inch.  A  single  female  dredged  in  100-110  fathoms, 
twenty- five  miles  N.  by  W.  from  Burrafirth  Lighthouse,  in  1867.  The 
specimen  is  imperfect,  having  lost  antenna),  &c.  The  sixth  and  seventh 
segments  of  the  pereion  appear  to  be  coalesced.  It  approaches  L&tma- 
tophilus  tuberctdatus  of  Bruzelius,  but  is  much  more  strongly  tubercu- 
lated,  and  the  gnathopods  of  different  structure,  the  first  smaller,  the 
second  larger,  the  hand  broader,  and  the  basos  spined. 

Unciola  planipes,  Norman,  Nat.  Hist.  Trans,  of  Northumberland  and  Durham, 
vol.  i.  (1865)  p.  14,  pi.  vii.  figs.  9-13.  Balta  Sound,  5-7  fathoms.  Many 
specimens. 

Corophium  longicorne  (Fabricius).  "Some  specimens,  which  we  take  to  be 
the  young  of  this  species,  we  find  in  the  collection  sent  to  us  by  the 
Rev.  A.  M.  Norman,  taken  in  from  two  to  five  fathoms,  in  Outer  Sker- 
ries Harbour,  Shetlands"  (B.  and  W.). 

crassicome,  Bruzelius,  the  male, = Corophium  Bonellii,  Bate  &  Westw. 

Brit.  Sessile-eyed  Crust,  vol.  i.  p.  497  (?  Corophium  Bonellii,  M. -Ed- 
wards), the  female.  Very  abundant,  in  2-5  fathoms,  Out  Skerries  Har- 
bour. The  O.  Bonellii  of  Bate  and  Westwood  is  unquestionably  the 
female  of  C.  crassicome ;  the  female  of  C.  longicorne  (which  B.  and  W. 
thought  C.  Bonellii  might  be)  is  quite  different. 

j tenuicorne,  n.  sp.  Two  females,  dredged  in  St.  Magnus  Bay,  resem- 
bling in  general  characters  the  same  sex  of  longicorne  and  crassi- 
corne,  but  distinguished  as  follows.  Superior  antennas  slender,  longer 
than  the  inferior ;  first  joint  cylindrical  (not  expanded),  peduncle  with 
two  or  three  spines  on  inner  edge ;  second  joint  longer  than  first,  slender, 
third  not  half  as  long  as  second ;  filament  composed  of  six  long  joints, 
the  terminal  one  bearing  a  number  of  long  tentaculiform  setae.  Inferior 
antennas  with  penultimate  joint  of  peduncle  cylindrical  (not  expanded), 
inner  edge  with  two  or  three  articulated  spines  about  the  centre,  and  a 
single  long,  slender,  articulated  spine  at  the  distal  termination;  last 
joint  about  two-thirds  as  long  as  the  penultimate,  bearing  two  spines  on 
the  middle  of  the  inner  side ;  filament  unusually  pediform,  consisting  of 
a  long,  stout  articulation  (more  than  half  as  long  as  the  last  joint  of  the 
peduncle)  and  a  strong  terminal  nail.  Finger  of  gnathopods  bidentate 
at  the  apex.  Nail  of  pereiopods  longer  than  carpus  and  propodos  com- 
bined. First  and  second  uropods  terminating  in  long  slender  spines, 
which  are  more  than  half  as  long  as  their  rami ;  last  uropods  having  the 
branch  longer  than  its  peduncle,  not  wide,  three  times  as  long  as  broad, 
tipped  with  long  setae,  but  having  no  setae  on  the  inner  and  outer  mar- 
gins. Length  about  one-fifth  of  an  inch.  The  specimens  procured  are 
females  laden  with  eggs ;  the  male  is  unknown  to  me. 

Hyperia  galba  (Montagu),  Bate  &  West.  Brit.  Sessile-eyed  Crust,  vol.  ii. 
p.  12,  the  female,  =  Lestrigonus  Kinahani,  Bate  &  Westw.  I.  c.  p.  8, 
the  male,=? Lestrigonus  exulans,  he.  p.  5,  the  young  male, =? Hyperia 
medusarum,  Bate,  Cat.  Amphip.  Crust.  Brit.  Mus.  p.  295,  pi,  xlix.  fig.  1, 
the  young  female  (but  not  Metoecus  medusarum,  Krbyer).  In  Aurelia, 
open  sea,  twenty-five  miles  N.  by  W.  of  Unst. 

I  believe  that  the  above  four  so-called  species  are  the  different  sexes 
and  periods  of  growth  of  one.  The  specific  points  will  be  found  in  the 
structuro  of  tho  gnathopods  (as  accurately  described  by  B.  and  W.  under 
Lestrigonus  exuluns)  and  of  the  uropods,  which  have  tho  rami  of  all  three 
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pairs  wide  in  the  middle  but  narrowed  at  the  base,  and  mucronate  at 
the  terminations ;  the  inner  margins  of  the  rami  of  the  first  pair,  and 
the  inner  margin  of  the  outer  ramus,  and  both  margins  of  the  inner 
ramus  of  the  last  two  pairs,  are  elegantly  serrated. 
Hyperia  oblivia,  Kroyer,  Gronlands  Amphipoder,  p.  298,  pi.  iv.  fig.  19  (but  not 
H.  oblivia,  Bate  &  Westw.  vol.  ii.  p.  16).  Filaments  of  both  antennae 
consisting  of  only  a  single  joint.  First  gnathopods  with  wrist  and  hand 
subequal,  the  former  spined  posteriorly,  not  at  all  produced  dis tally; 
hand  slightly  tapering,  palm  serrate  distally,  finger  two-thirds  as  long 
as  hand.  Second  gnathopods  with  meros  sheath-formed,  tipped  with 
spine-like  set©  and  overlapping  carpus ;  carpus  greatly  produced  dis- 
tally into  a  lobe  which  reaches  nearly  to  the  extremity  of  the  hand ; 
finger  straight,  two-thirds  as  long  as  hand.  Pereiopoda,  last  three  pair 
much  longer  and  more  slender  than  in  H.  galba ;  carpus  and  propodos 
both  very  long,  the  latter  the  longer,  both  with  small  distant  spines  on 
the  hinder  margin,  and  the  whole  hinder  edge  of  the  propodos  micro- 
scopically pectinate.  Rami  of  all  the  uropods  lanceolate  (not  widening 
in  the  middle),  gradually  tapering  to  the  end  (not  mucronato  as  in 
H.  galba)  ;  the  general  serrated  character  of  the  margins  of  the  rami 
agrees  with  H.  galba,  except  that  the  external  margin  of  the  inner 
ramus  of  the  second  pair  is  not  serrated.  The  male  differs  from  the 
female,  as  in  the  last  two  species,  in  having  the  antennaB  very  long  and 
slender. 

A  female  from  an  Aurelia,  and  males  taken  living  free  in  the  towing- 
net.  It  has  also  been  sent  to  me  by  Mr.  Edward  from  Banff;  and 
Mr.  G.  S.  Brady  has  procured  both  sexes  in  some  numbers  off  the  mouth 
of  the  Tees  in  the  towing-net. 

Bate  and  Westwood's  "  H.  oblivia,"  which  has  not  the  propodos  of  the 
gnathopods  at  all  produced,  cannot  be  Kroyer's  species  nor  that  here 
described*.  Goes  takes  Kroyer's  Lestrigonus  exulans  to  be  the  male  of 
H.  oblivia ;  and  as  far  as  the  description  and  figures  go,  it  may  bo  the 
male  either  of  that  or  of  H.  galba ;  but  the  short  pereiopoda  of  L.  eomlans 
and  L.  Kinahani  of  Bate  will  not  agree  with  the  male  of  H.  oblivia. 
Metoecus  medusarum,  Kroyer,  Gronlands  Amphip.  p.  288,  pi.  iii.  fig.  15  (not 
Hyperia  medusarum.  Bate,  Cat.  Amphip.  Crust.  Brit.  Mus.  p.  295). 
Female  antennae  very  short;  filaments  of  both  pair  one-jointed.  Both  gna- 
thopods nearly  alike,  short,  distinctly  chelate,  and  of  peculiar  structure ; 
meros  produced  into  a  large  sleeve-shaped  process,  postero-distally  tipped 
with  set®,  which  fits  round  the  basal  portion  of  the  carpus ;  carpus 
postero-distally  produced  into  a  large  lobo,  which  extends  as  far  as  the 
extremity  of  the  propodos,  with  which  and  with  the  finger  it  forms  a 
regular  chelate  organ ;  propodos  slightly  tapering  from  the  base  to  the 
extremity;  its  inner  margin,  the  inner  margin  of  the  small  finger,  and 
the  inner  margin  of  the  thumb-used  lobe  of  the  carpus  all  denticulately 
serrated ;  hand  and  wrist  wholly  free  from  hairs  or  spines.  Pereiopods  of 
moderate  length;  carpus  and  propodos  subequal,  their  inner  margins 
microscopically  pectinate.  All  the  uropods  having  the  inner  margin  of 
outer  ramus,  and  both  margins  of  inner  ramus  serrated.  The  male 
differs  from  the  female  in  having  very  long  antennse. 

A  female  found  in  a  Medusa  in  Shetland  in  1867 ;  and  a  male  has 
been  sent  to  me  by  Mr.  T.  Edward  from  Banff. 

The  Hyperia  medusarum  of  Bate  bears  no  resemblance  to  Kroyer^s 
*  I  would  piopose  for  it  the  name  of  H.  gracilipes. 
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species,  to  which  it  is  referred,  the  gnathopods  being  of  entirely  dif- 
ferent structure. 

Pkronima  sedentaria  (Forskaal).  "  The  only  specimen  of  this  species  which 
we  have  seen  as  a  native  of  the  British  coast  is  one  in  the  British 
Museum,  taken  by  Dr.  Fleming  on  the  3rd  of  November,  1809,  at  Bur- 
ray,  in  Zetland,  amongst  rejectamenta  of  the  sea.  Other  specimens 
from  the  Shetland  Islands  were  obtained  by  the  late  Dr.  Johnston,  and 
exhibited  by  him  before  the  Berwickshire  Naturalists'  Club  in  1855. 
—Proceedings,  vol.  iii.  p.  212."     (B.  and  W.) 

Dtdichia  porrecta,  Bate.     St.  Magnus  Bay,  40-60  fathoms. 

Proto  pedata  (Abildgaard).  Out  Skerries  Harbour,  2-5  fathoms ;  Bressay 
Sound,  among  Laminariae;  St.  Magnus  Bay,  very  abundant,  40-60 
fathoms. 

Ooodseri,  Bate.     Out  Skerries  Harbour  and  St.  Magnus  Bay;  much 

scarcer  than  tho  last. 

Caprella  linearis  (Linn.).  Very  abundant  in  Halso  Hellyer,  Burrafirth, 
among  Tubalaria  indivisa  and  sponges. 

lobata  (Miiller).     With  the  last,  but  scarce. 

hystrix,  Kroyer.     Caves  at  Burrafirth,  1863. 

Order  ISOPODA. 

Tanais  Duloiigii,  B.  &  W.     St.  Magnus  Bay,  rare. 

Paratanais  rigidus,  Bate  <fe  Westw.     St.  Magnus  Bay,  1867. 

Anceus  maarillaris  (Montagu).     Frequent. 

Edwardii,  Bate.     15-20  fathoms ;  Vidlom  Voe. 

Phryxus  abdominalis  (Kroyer).  On  the  abdomen  of  Bippolyte  Cranchii, 
var.  pusiola. 

longibranchiatus,  Bate  &  Westw.     "  Our  specimens  of  this  species  were 

forwarded  to  us  from  Shetland  by  Mr.  J.  Gwyn  Jeffreys  "  (B.  and  W.). 

Qalaiheas  (Hesse).     Under  carapace  of  OaXathea  dispersa. 

JEga  monophihalma,  Johnston.     One  fine  specimen  procured  in  1861. 

Cirolana  spinipes,  Bate  &  Westw.  Haddock  ground,  near  Whalsey  Skerries, 
and  in  St.  Magnus  Bay ;  not  uncommon. 

truncata,  n.  sp.     Head  much  wider  than  long ;  greatest  width  in  the 

centre,  at  the  projection  of  the  eyes,  narrower  behind  and  in  front,  which 
is  slightly  tridentate.  Superior  antennae  suddenly  bent  in  a  remarkable 
way  at  a  right  angle  at  the  junction  of  first  and  second  joints  of  the 
peduncle ;  third  joint  of  peduncle  much  narrower  and  shorter  than  the 
second ;  filament  consisting  of  only  about  four  joints,  the  first  twico  as 
long  as  last  joint  of  peduncle,  and  longer  than  the  rest  of  the  filament. 
Inferior  antennae  very  long  and  slender.  Telson  as  broad  as  long ;  mar- 
gins crenulated,  distally  truncate  and  denticulate;  the  two  external 
teeth  on  each  side  larger  than  the  intermediate  ones.  Last  uropods 
having  both  branches  truncate  at  the  extremity. 

Dredged  in  40-60  fathoms,  muddy  bottom,  in  St.  Magnus  Bay,  1807. 

Eurydice  pulchra,  Leach.     St.  Magnus  Bay. 

Ja*ra  albifrons,  Loach.     Tide-marks,  under  stones,  common. 

Leptaspidia  brevipes,  Bate  <fe  Westwood.  St.  Magnus  Bay,  40-60  fathoms ; 
5-8  miles  east  of  Balta,  40-50  fathoms. 

Janira  maculosa,  Leach.     Frequent,  between  tide-marks,  and  dredged. 

Limnoria  lignorum  (Ratlike).  In  a  piece  of  wood  between  tide-marks,  near 
Lerwick,  1861. 
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Arcturus  longicomis  (Sowerby).     Common. 

gracilis  (Goodsir).     5-8  miles  off  Balta,  40-50  fathoms. 

Idotea  tricuspidata9  Desmarest. 

Bphcsroma  Prideauxianum,  Leach.     A  single  specimen. 

Gymodocea  truncate  (Montagu).     Rare ;  Brcssay  Sound  and  St.  Magnus  Bay. 

Ligia  oceanica  (linn.). 

Oniscus  asellus,  linn. 

Porcellio  scaber,  Latreille. 

These  are  the  only  terrestrial  Isopoda  which  I  have  noticed ;  doubtless 
several  others  occur,  and  only  require  to  be  looked  for. 

Order  PHYLLOPODA. 

Nebalia  bipes  (0.  Fabr.).    Balta  Sound,  5-7  fathoms ;  5-8  miles  east  of  Balta, 
40-50  fathoms;  St.  Magnus  Bay. 

Order  CLADOCERA. 
Daphnia pulex  (linn.). 


vetula,  Muiller. 

reticulata  (Jurine). 

Bosmxna  longirostris  (Miiller).     Small  lake  near  Lerwick. 
Acantholeberis  curvirostris  (Miiller).     Common,  mainland  and  TJnst. 
Uyocryptus  sordidus  (Iie'vin).     Pond  back  of  Lerwick  North  Loch  (Mr.  D. 

Robertson). 
Lynceus  harpas,  Baird.     Lake  near  Hillswick  (A.  M.  N.) ;  and  near  Scalloway 

(Mr.  D.  Robertson). 

elongatus  (G.  O.  Sars).     Common. 

quadrangularis,  Miiller.     Common. 

exiguu8,  Iilljeborg.    Lake  near  Lerwick  (A.  M.  N.) ;  and  near  Scalloway 

(Mr.  D.  Robertson). 

trigonellu8,  Miiller.     Lake  near  Hillswick. 

nanus  (Baird).     Pond  near  Scalloway  (Mr.  D.  Robertson). 

sphatricus,  Miiller. 

Eurycercus  lamdlatus  (Miiller). 

Evadne  Nordmanni,  Loven.     Open  sea,  surface-net,  common. 

Pleopis  polyphemoules,  Leuckart.    Less  common  than  the  last,  and  procured 

under  similar  circumstances. 

Order  OSTRACODA. 

Cypris  ovum  (Jurine). 

compres8a,  Baird. 

Paracypris  poUta,  G.  0.  Sars.     St.  Magnus  Bay,  1867. 

Pontocypris  mytiloides  (Norman).  Abundant,  living  among  Laminariae,  and 
down  to  100  fathoms. 

hispida,  G.  0.  Sars,    Oversigt  af  Norges    marine   Ostracoder,  1865, 

p.  16.  Very  like  the  last,  smaller,  and  paler  in  colour,  of  a  light 
fulvous  hue ;  a  little  more  produced  behind,  upper  margin  less  prominent 
in  front ;  ventral  margin  more  concave ;  seen  from  above  much  more 
tumid,  width  fully  equalling  one-third  of  the  length.  Surface  of  valves 
clothed  with  close-set  long  hair ;  right  valve  having  only  five  serra- 
tions at  the  infero-posterior  angle.  Sars  also  describes  the  animal  as 
differing  in  having  the  nail  of  first  feet  very  long  and  slender,  exceed- 
ing in  length  the  four  preceding  joints,  and  greatly  curved  at  the  extre- 
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mity ;  in  the  terminations  of  the  postabdominal  rami  being  of  equal 
size,  and  the  eye  wholly  absent.  St.  Magnus  Bay,  in  50  fathoms,  1867, 
Now  first  added  to  our  fauna. 

Pontocypris  trigonella,  G.  0.  Sars.  Among  Laminaria),  Balta  and  Bressay 
Sounds  ;  St.  Magnus  Bay,  5-50  fathoms. 

acupunctata,  Brady.     A  fino  living  series  from  St.  Magnus  Bay,  about 

60  fathoms. 

Bairdia  inflata  (Norman).  St.  Magnus  Bay,  and  5-8  miles  off  Isle  of  Balta, 
in  about  50  fathoms,  1867. 

complanata,  Brady.     5-8  miles  east  of  Balta,  40-50  fathoms. 

Macrocypris  minna  (Baird).  "  Dredged  in  from  80-90  fathoms,  sand,  20 
miles  east  of  the  Npss  in  the  Shetland  Isles,  K.  M* Andrew,  Esq." 
(Baird).  The  one  specimen  in  my  own  collection  was  found  by  Mr. 
Waller  in  sand  dredged  on  the  Outer  Haaf,  in  1861. 

Cythere  lutea,  Miiller.     Common,  alive,  rock-pools ;  dead,  60  fathoms. 

viridis,  Miiller.     Among  Laminaria),  Balta  Sound  and  Hillswick. 

pellucida,  Baird.     Scarce ;  off  Balta,  73  fathoms.    * 

tenera,  Brady.     St.  Magnus  Bay,  Outer  Haaf,  &c. 

convexa,  Baird.     "  Lerwick,  Mr.  Robertson  "  (Brady). 

albomaculata,  Baird.     Alive,  littoral  and  laminarian  zones. 

tuberculata  (G.  O.  Sars).     Very  rare,  Unst  Haaf. 

concinna,  Jones  (Cythcreis  clavata,  Sars).      St.  Magnus  Bay,  50-60 

fathoms,  1867. 

angulata  (G.  O.  Sars).     "Lerwick,  Mr.  D.  Robertson "  (G.  S.  Brady). 

diibia,  Brady.     The  type  specimen  was  procured  in  sand,  from  the 

Unst  Haaf,  dredged  in  1863  ;  also  Unst  Haaf,  100  fathoms,  1867. 

costata,  Brady,  Trans.  Zool.  Soc.  vol.  v.  p.  375,  pi.  lx.  fig.  5.     Two 

valves  from  the  Unst  Haaf,  1867,  agreeing  in  every  respect  with  the 
type  specimens  from  the  Hunde  Islands.  Now  first  added  to  the  British 
fauna. 

viUo8a  (Sars).     Lerwick  and  St.  Magnus  Bay. 

quadridentata,  Baird.     50-100  fathoms,  off  Island  of  Balta,  and  Out 

Skerries  and  Unst  Haafs,  also  St.  Magnus  Bay. 

emaciata,  Brady.     80-100  fathoms,  Unst  Haaf,  rare. 

mucroruxta  (Sars).     The  only  British  specimen,  in  80-90  fathoms,  20 

miles  N.  by  W.  from  Burrafirth  Lighthouse,  1863. 

anUquaia  (Baird).     Frequent  in  deep  water  down  to  100  fathoms. 

Jonesii  (Baird).     50-100  fathoms,  Out  Skerries  and  Unst  Haafs. 

acerosa,  Brady.     St.  Magnus  Bay,  in  about  60  fathoms,  and  5-8  miles 

east  of  Balta,  in  40-50  fathoms. 

aby8sicola  (G.  O.  Sars).     Cythereis  abyssicola,  G.  O.  Sars,  Oversigt  af 

Norges  marine  Ostracoder,  p.  43.  "  Lateral  view  of  female  elongated, 
subquadrate,  much  higher  in  front  than  behind,  the  greatest  height  some- 
what greater  than  half  the  length  ;  anterior  extremity  obliquely  rounded, 
posterior  truncate :  dorsal  margin  very  prominent  and  angulated  over 
the  eyes,  in  the  middle  slightly  concave,  then  convex,  and  sloping  to- 
wards the  hinder  extremity ;  ventral  margin  distinctly  sinuated  in  the 
middle.  Dorsal  aspect  of  irregular  form,  showing  on  each  side  two 
somewhat  prominent  angulated  protuberances,  separated  from  each 
other  by  a  deep  sinus,  both  extremities  a  little  projecting  and  truncate. 
Yalves  very  hard,  distinctly  arcolated  in* the  middle,  and  girt  with  a 
broad  and  much-thickened  margin,  forming  two  lips,  the  innermost  of 
which  is  finely  toothed  at  each  extremity,  and  beset  with  long  hairs, 
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especially  at  the  hinder  extremity.  Hinge-tooth  of  the  left  valve  absent. 
Eyes  very  small,  round.  Colour  pale  brownish  yellow,  the  limbs  pale  yel- 
low. Antennas  rather  long,  third  and  fourth  joints  of  the  upper  pair 
coalesced,  the  last  joint  short ;  lower  pair  with  the  third  joint  narrower 
than  usual,  and  the  terminal  nails  long.  Branchial  appendage  of  the 
palp  of  the  mandibles  very  small,  only  bearing  two  set®,  one  rudimen- 
tary and  hamate.  Legs  slender,  second  joint  of  last  pair  subequal  in 
length  to  the  two  succeeding,  terminal  nail  very  slender.  Copulative 
organs  of  male  small,  the  terminal  part  obtusely  triangular."  Unst  Haaf, 
20-25  miles  N.N.W,  of  Burrafirth,  100-140  fathoms.  Now  first  added 
to  our  fauna. 

Cyihere  crenulata  (G.  0.  Sars).    Cythereis  orenulata,  G.  O.  Bars,  Overs,  af 
Norgep  mar.  Ostrac.  p.  39. 

"Not  unlike  C.  emarginata,  but  the  shell  much  more  vontricose, 
height  and  breadth  subequal ;  side  view  very  short,  the  height  much 
exceeding  half  .the  length,  obliquely  rounded  in  front,  behind  sub  trun- 
cate and  slightly  emarginate,  the  lower  lobe  the  more  prominant :  dor- 
sal margin  a  little  concave  behind  the  eyes,  then  convex;  ventral 
margin  nearly,  straight,  or  indistinctly  waved  in  front  of  the  middle. 
Dorsal  view  very  tumid  in  the  middle,  the  two  extremities  slightly 
prominent  and  subtruncate.  Valves  indistinctly  areolated,  but  closely 
and  finely  punctate,  the  front  margin  and  lower  part  of  the  hinder 
margin  forming  two  lips,  the  innermost  of  which  is  crenulated  with 
fine  teeth,  and  fringed  with  rather  long  hair ;  surface  uneven,  a  rounded 
protuberance  before  the  middle,  and  two  elongated  protuberances  to- 
wards the  hinder  extremity,  one  of  which  is  near  the  dorsal,  the  other 
near  the  ventral  margin.  Eyes  very  large.,,  Rare,  20-25  miles  N.N.W. 
of  Burrafirth,  100-140  fathoms.     New  to  Britain. 

emarginata  (G.  O.  Sara).     One  young  specimen  (?)  in  St.  Magnus  Bay, 

about  60  fathoms* 

_ levoderma,  n.  sp*     Carapace  very  tumid,  subquadrate,  length  to  height 

as  about  two  to  one ;  greatest  height  anterior :  dorsal  margin  nearly 
straight ;  ventral  also  nearly  straight,  slightly  sinuated  in  the  middle  : 
anterior  extremity  snbtruncately  and  subobliquely  rounded,  infero- 
anteal  corner  well  rounded,  commencement  of  anterior  dorsal  slope  a 
little  angled ;  posterior  extremity  truncate,  not  at  all  oblique,  slightly 
emarginate  in  the  middle.  Valves  smooth,  not  sculptured,  having  only 
a  very  few  distant  punctured  papillae.  Dorsal  view  long-elliptic,  very 
tumid ;  breadth  equal  to  one-half  of  length,  of  nearly  equal  width 
throughout,  and  remarkably  regularly  rounded  at  the  broad  extremities. 
Length  ^  inch. 

This  species  has  much  more  the  aspect  of  a  Gytheridea  than  of  a 
Cyihere,  but  the  hinge-margin  is  not  toothed.     In  the  genus  Cyihere  it 
should  perhaps  come  next  to  C.  albomaculata. 
From  very  deep  water,  Unst  Haaf,  1867. 

Cytheridea  papilhsa,  Bosquet.     Bare,  Unst  Haaf,  1867. 

pwrictillata,  Brady.     Unst  Haaf,  100  fathoms. 

subflavescens,  Brady.     One  specimen,  5-8  miles  off  Balta,  50  fathoms, 

1867,  exactly  agreeing  with  the  type ;  another  in  St.  Magnus  Bay. 

Sorbyana,  Jones.     80-100  fathoms,  20-25  miles  N.N.W.  from  Burra- 
firth Lighthouse,  1867. 

ZetUindica,  Brady.     The  type  specimens  were  found  by  me  among  a 

gathering  of  sheik  &c.  procured  by  washing  weeds  in  Shetland,  by  Mr. 
Barlee. 
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Eucythere  declivis  (Norman).     Common  in  deep  water,  and  very  fine. 

■  Argus  (G.  0.  Sars).     I  am  indebted  to  Mr.  Robertson  for  specimens  of 
this  species,  from  off  the  Isle  of  Papa  Stour,  Scalloway. 

Jlyobates  Bartonensis  (Jones).    St.  Magnus  Bay,  in  about  50  fathoms,  1867 ; 

very  local. 
Loxoconcha  impressa  (Baird).      Tide-marks,  and  among  Laminariae,  living, 

Balta  and  Lerwick. 
tamarindus  (Jones)  (Cy  there  Icevata,  Norman).    Common  in  deep  water 

down  to  100  fathoms. 
guttata  (Norman).     Common  in  deep  water,  especially  in  St.  Magnus 

Bay,  muddy  ground. 
Xestoleberis  aurantia  (Baird).  Tide-marks,  and  among  Laminariae,  Balta,  <fcc. ; 

also  dredged. 
depressa,  G.  O.  Sars.     Common  in  deep  water,  especially  abundant  in 

St.  Magnus  Bay,  in  about  50-60  fathoms. 
Cyiherura  nigrescens  (Baird).     Tide-marks,  and  down  to  50  fathoms. 

angulata,  Brady.     "  Lerwick,  Mr.  D.  Robertson"  (G.  S.  Brady). 

striata,  G.  0.  Sars.     3-60  fathoms,  frequent. 

Uneata,  Brady.     St.  Magnus  Bay,  60  fathoms. 

cuneata,  Brady.     "  Lerwick,  Mr.  D.  Robertson"  (G.  S.  B.). 

— —  similis,  G.  O.  Sars.     "  Shetland,  Mr.  D.  Robertson  "  (G.  S.  B.). 

undata,  G.  O.  Sars.     St.  Magnus  Bay,  30-60  fathoms. 

pumila,  Brady  j(MS.).    Among  Laminariae,  Bressay  Sound,  1867.    Not 

yet  described. 

producta,  Brady.    With  the  last. 

.  cornuta,  Brady.     ^Shetland,  Mr.  D.  Robertson  "  (G.  S.  B.). 

acuticostata,  G.  0.  Sars.     St.  Magnus  Bay,  50-60  fathoms,  common. 

clathrata,  G.  O.  Sars.     Ten  miles  east  of  Balta,  in  73  fathoms,  rare. 

cellulosa  (Norman).     St.  Magnus  Bay,  deep  water ;  also  ten  miles  east 

of  Balta,  73  fathoms,  and  Bressay  Sound,  5-7  fathoms. 

■  concentrica,  C.  B.  &  R.  (MS.).  Some  very  small  Cyiherura!  procured 
among  Laminariae  in  5-7  fathoms,  Bressay  Sound,  are  a  species  which 
will  be  described  from  fossil  specimens  in  the  forthcoming  *  Monograph 
of  the  British  Posttertiary  Entomostraca/  by  Messrs.  Crosskey,  Brady, 
and  Robertson,  to  be  published  by  the  Palaeontographical  Society. 

flavescens,  Brady  (MS.).    One  specimen,  20-25  miles  N.N.W.  of  Borra- 

firth  Lighthouse,  100-140  fathoms.     Not  yet  described. 

quadrata,  n.  sp.     Carapace  viewed  laterally  subquadrangular,  of  nearly 

equal  height  throughout;  height  more  than  half  length;  rounded  in 
front,  the  dorsal  arch  the  more  gradually  sloped ;  behind  produced  to  a 
well-developed  central  process ;  ventral  and  dorsal  margins  straight, 
the  former  terminating  behind  in  a  right  angle ;  surface-sculpture  con- 
sisting of  pittings  more  or  less  circular  in  shape,  arranged  for  the  most 
part  in  longitudinal  rows ;  a  small  keel  runs  parallel  with  the  ventral 
margin,  and  terminates  in  front  in  a  triangular  ala  well  pronounced 
but  small  in  size.     Length  ^  inch. 

C.  quadrata  comes  very  near  to  C.  striata,  but  is  shorter  and  higher, 
the  ventral  margin  quite  straight ;  the  ala  is  more  developed,  and  the 
carapace  more  tumid. 

St.  Magnus  Bay ;  also  Plymouth. 

navicula,  n.  sp.     Carapace  having  dorsal  margin  perfectly  straight  in 

the  central  portion,  then  sloping  both  before  and  behind  very  obliquely, 
with  a  well-marked  very  obtuse  angle ;  ventral  margin  also  straight, 
the  straight  portion  much  longer  than  that  of  dorsal  margin,  with  two 
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small  nodulous  processes,  one  just  opposite  the  commencement  of  each 
dorsal  slope,  anteally  scarcely  rising  at  all  to  join  the  dorsal  slope 
which  at  that  extremity  meets  the  ventral  line  very  much  below  the 
centre;  posteally  sloping  upwards  obliquely,  and  meeting  the  dorsal 
margin  at  a  rounded  point  a  little  below  the  middle  of  that  extremity ; 
surface  perfectly  smooth  and  glabrous.  Ventral  aspect  boat-shaped, 
the  resemblance  most  striking,  centrally  depressed  at  the  juncture  of  the 
valves ;  bows  moderately  sharp*,  of  good  breadth  of  beam,  sculptured 
with  raised  thread-like  concentric  lines  representing  the  timbers,  while 
the  small  nodulous  processes  (mentioned  in  describing  the  lateral  view) 
will  stand  for  the  thole-pins ;  the  dorsal  and  end  views  bear  out  the 
allusion,  the  former  representing  a  boat  viewed  from  below,  with  a 
well-marked  keel,  and  the  latter  being  triangular  with  gently  rounded 
sides.     Length  about  ^  inch.     St  Magnus  Bay,  30-60  fathoms,  1867. 

Genus  Sabstklla  ♦,  n.  g. 

Carapace  subrotund,  with  a  rostrate  posterior  (?)  projection,  much  com- 
pressed ;  surface  of  valves  very  rough,  with  greatly  elevated  rib-like  sculp- 
ture ;  ventral  margin  quite  flat  in  its  central  portion. 

These  are  certainly  not  satisfactory  generic  characters,  being  so  in- 
complete, but  having  only  one  good  specimen  I  am  unwilling  needlessly  to 
run  the  risk  of  destroying  it  in  the  attempt  to  separate  tho  valves,  and 
therefore  am  unable  to  describe  the  hinge-structure  or  animal.  The  cara- 
pace is,  however,  so  remarkable  that  I  cannot  place  it  in  any  described  genus. 
It  is  the  largest  of  British  Cytheridce.  * 

JSarsieUa  cctpsida,  n.  sp.  Carapace  nearly  circular,  with  a  short  rostriform 
process  running  out  from  the  extremity;  dorsal  and  ventral  margins 
each  nearly  semicircular;  anterior  margin  completely  and  widely 
rounded ;  posterior  with  a  rostrate  process  below  the  middle,  the  ven- 
tral margin  rather  angled  in  its  upward  slope,  but  the  dorsal  perfectly 
rounded.  Surface  of  valves  extraordinarily  rugose,  with  concentric 
greatly  elevated  carina?  enclosing  a  doep  hollow  in  the  centre  of  the 
valves,  and  on  their  exterior  side  having  numerous  radiating  ribs  pass- 
ing off  in  all  directions  to  the  margin;  interstices  of  these  ribs  and 
inner  slopes  of  carinas  sculptured  with  circular  pittings.  Ventral 
aspect  very  irregular,  in  the  centre  a  quadrangular  flat  portion  sculp- 
tured with  circular  pittings.  Anterior  portion  with  tuberculately  con- 
vex gradually  approximating  sides ;  posterior  portion  consisting  of  Vie 
rostriform  process,  which  is  seen  projecting  beyond  the  truncate  extre- 
mity of  the  quadrangular  portion.  End  view  with  flat  sides  dorsally 
arched,  ventrally  truncate.  The  valves  are  very  much  compressed,  though 
appearing  more  tumid  than  they  really  are,  on  account  of  the  great 
elevation  of  the  sculptured  surface.  Length  about  -fa  inch.  St.  Mag- 
nus Bay,  30-60  fathoms. 
Cytheropteron  latissimum  (Norman).  St.  Magnus  Bay,  and  10  miles  east  of 
Balta,  30-73  fathoms. 

nodosum,  Brady.     In  the  same  localities  as  the  last. 

jpunciatuniy  Brady.      10  miles  east  of  the  Island  of  Balta,  in   73 

fathoms. 

*  Named  after  Herr  G-.  O.  Sara.  A  genus  Sarsia  is  already  established  in  honour  of 
the  father,  Professor  Sars.  I  have  given  this  genus  a  diminutive  termination  in  reference 
to  tho  son,  one  of  the  ablest  and  most  accurate  of  the  younger  naturalists  of  the  day, 
-whose  admirable  Monograph  on  the  Scandinavian  Marine  Ostracoda  points  to  a  fitness  in 
associating  his  name  with  tnat  order. 
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teron  multiforum  (Norman).  Common,  30-140  fathoms. 
turn,  G.  0.  Sars,  Overs,  af  Norges  mar.  Ostrac.  p.  81.  "Lateral 
protuberance  very  large,  triangular,  slightly  inclined  downwards,  and 
running  out  into  a  strong  mucro,' which  projects  at  the  sides ;  its  hinder 
margin  furnished  with  (about  twelve)  flattened  teeth,  the  two  inner- 
most much  larger  than  the  rest,  and  in  the  form  of  quadrangular  serrated 
laminae.  Lateral  aspect  of  female  elongated  ovate,  the  greatest  height, 
which  is  in  the  middle,  much  less  than  half  the  length,  equally  rounded 
in  front,  behind  projecting  into  a  very  large  process,  which  is  obliquely 
truncate  at  the  end ;  dorsal  margin  regularly  arched,  ventral  slightly 
sinuated,  the  lateral  protuberance  projecting  below  in  the  centre  of  the 
ventral  margin.  Dorsal  aspect  almost  cruciform,  the  greatest  width 
(between  the  lateral  protuberances)  exceeding  twice  the  height,  and 
even  somewhat  surpassing  the  length,  suddenly  attenuated  in  front,  and 
more  gradually  behind.  The  shell  of  the  male  scarcely  differs  from  that  of 
the  female  except  in  the  smaller  size.  Valves  white,  pellucid,  smooth, 
finely  toothed  on  the  front  margin."  A  single  specimen  of  this  interesting 
addition  to  our  fauna,  in  sand  dredged  5-8  miles  east  of  the  Island  of 
Balta,  in  40-50  fathoms.  The  form  is  most  remarkable,  on  account 
of  the  immense  projection  of  the  lateral  ala?  and  their  dentated  edge. 
■  rectum,  Brady.  The  type  was  "  dredged  by  Mr.  D.  Kobertson,  in 
Lerwick  Bay,  Shetland,  in  a  dejpth  of  12-14  fathoms  "  (G.  S.  Brady).  I 
have  procured  a  second  specimen  in  St.  3&agnus  Bay,  in  about  60 
fathoms. 
Bythocythere  simplex  (Norman).  St.  Magnus  Bay,  and  10  miles  east  of 
Balta,  50-73  fathoms. 

constricta,  G.  O.  Sars.     Widely  distributed  in  deep  water  to  100 

fathoms. 

turgida,  G.  O.  Sars.     St.  Magnus  Bay,  and  10  miles  off  the  Island  of 

Balta,  50-73  fathoms. 
tenuissima,  n.  sp.  Elongated,  doubly  fusiform,  both  extremities  acu- 
minate, equally  gradually  attenuated  to  sharp  central  points  ;  greatest 
height  central ;  length  to  height  as  3-4  to  1 :  dorsal  margin  gently  con- 
vex throughout ;  ventral  slightly  flexuous,  but  slightly  arched  through- 
out the  greater  part  of  its  length ;  both  margins  gradually  approaching 
each  other  towards  the  extremities  :  valves  very  thin  and  fragile,  their 
surface  perfectly  smooth  and  glabrous.  l)orsal  view  remarkably  com- 
pressed and  greatly  elongated,  widest  in  the  centre,  and  gradually  be- 
coming narrower  (it  is  only  possible  for  them  to  become  in  the  slightest 
degree  narrower)  to  the  extremities.     Length  ^  inch. 

St.  Magnus  Bay,  530-60  fathoms.     I  place  this  species  provisionally 
in  the  genus  Bythocythere,  as  it  seems  more  nearly  related  to  B.  stm- 
plex  in  general  structure  than  to  any  other  Ostracod.   The  lateral  aspect 
of  the  carapace  finds  its  nearest  counterpart  in  Bairdia  angusta,  G.  O. 
Sars ;  but  whereas  that  species  is  tumid  this  is  exceedingly  compressed. 
Pseudocytihere  caitdata,  G.  0.  ears.     20-25  miles  N.N.W.  of  Burrafirth,  in 
100-140  fathoms ;    10  miles  east  of  Balta,  50-73  fathoms ;   and  St. 
Magnus  Bay,  30-60  fathoms. 
fivhrochiltis  eontortus  (Norman).     Very  common  at  all  depths,  1-70  fathoms. 
lKtradoxostoma  variaUle  (Baird).     In  extraordinary  profusion  on  Laminaritc 
in  Balta  and  Bressay  Sounds ;  also  Out  Skerries  and  Hillswick. 

Nvrmani,  Brady.     Among  Laminarise,  Bressay  Sound,  St.  Magnus  Bay, 

and  5-8  miles  east  of  Balta,  5-50  fathoms,  alive. 
ahlnviatum,  G.  0.  Sars.     St.  Magnus  Bay,  50  fathoms. 
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Paradoxostoma  obliquum,  G.  0.  Sara.     "  Shetland,  Mr.  D.  Robertson  "  (G.  S. 

Brady). 

ensiforme,  Brady.     St.  Magnus  Bay  and  Bressay  Sound,  5-50  fathoms. 

flexuosum,  Brady.     St.  Magnus  Bay,  abundant. 

arcuatum,  Brady.     A  few  specimens,  50  fathoms,  in  St.  Magnus  Bay ; 

also  a  much  smaller  form,  closely  allied  to,  but  perhaps  distinct  from,  this 

species,  common  on  Laminariae  in  Balta  Sound ;  it  is  of  a  green  colour. 
Philomedes  interpuncta  (  Baird) =P/i*7owi#/«s  longicomis,  Iilljeborg.     Two  or 

three  specimens  on  the  Unst  Haaf. 
Cypridina  Norvegica,  Baird,  Proc.  Zool.  Soc.  1860,  p.  200,  pi.  lxxi.  lig.  4 ; 

G.  O.  Sars,  Overs,  af  Norges  mar.  Ostrac.  p.  104.      I  have  pleasure  in 

announcing  this,  the  grandest  of  European  Ostracoda,  as  a  member  of 

the  British  fauna,  a  single  specimen  having  been  procured  on  the  Unst 

Haaf  in  1867. 
Oylindroleberis  Maria  (Baird).     Unst  and  Skerries  Haafe,  and  St.  Magnus 

Bay. 
Bradycinetus  Brenda  (Baird)  =  Cypridina  globosa,  Lilljeborg.     "  Dredged  in 

80-90  fathoms,  sand,  20  miles  east  of  the  Noss,  in  the  Shetland  Isles, 

by  R.  M< Andrew,  Esq."  (Baird). 
Conchoecia  obtusata,  G.  O.  Sars.      A  siDgle  imperfect  Conchoecia,  believed  to 

belong  to  this  species,  was  procured  from  sand  dredged  on  the  Unst 
/  Haaf,  20  miles  1ST.  by  E.  from  Burrafirth,  in  1863. 
Polycopc  orbicularis,  G.  O.  Sars.     5-8  miles  E.  of  Balta,  20-25  miles  N".  of 

Burrafirth  Lighthouse,  and  in  St.  Magnus  Bay,  40-100  fathoms. 
dentata,  Brady.     The  type  specimen  was  from  100  fathoms,  about  20 

miles  N.W.  by  W.  from  Burrafirth. 

Order  COPEPODA. 

Cyclops  serrvlatus,  Fischer.     This  is  the  only  Shetland  species  I  have  as  yet 
determined,  but  I  have  seen  others. 

nigricauda,  n.  sp.     Antennae  shorter  than  first  segment  of  body,  21- 

jointed;  joints  very  short,  all  except  first  and  last  two  shorter  than 
broad.  Lower  antennas  stout  and  strong,  two-thirds  as  long  as  upper 
antenna? ;  third  joint  with  a  seta  at  distal  extremity  of  hinder  margin ; 
fourth  (last)  joint  terminating  in  six  long  seta).  Last  feet  1 -branched, 
well  developed,  with  a  strong  seta  on  the  middle  of  the  outer  margin, 
and  two  similar  terminal  setae,  one  at  each  angle  of  the  extremity,  with 
a  very  delicate  and  minute  seta  in  the  middle  between  them.  Caudal 
lamina)  extremely  long  and  slender,  more  than  equal  in  length  to  three 
preceding  segments,  of  a  dark  brown  colour  throughout  the  greater  part 
of  their  length. 

A  marine  species  found  among  Laminariae  in  Shetland,  and  also  at 
Tobermory  in  the  Isle  of  Mull,  abundantly.  The  black  colour  of  the 
basal  portion  of  the  caudal  laminae  is  a  very  useful  characteristic  by 
which  to  distinguish  the  species  with  a  low-power  lens  when  mixed  in 
a  mass  with  other  Copepoda. 

In  the  male  the  antennae  are  only  17-jointed,  and  the  caudal  laminae 
shorter,  about  equal  in  length  to  the  two  preceding  segments. 

pallidus,  n.  sp.     Upper  antennae  shorter  than  first  segment  of  body, 

11-  or  12-jointed  (the  basal  joints  not  very  distinct) ;  last  two  joints 
longer  than  broad,  last  joint  but  two  broader  than  long,  two  joints  pre- 
ceding this  long,  rest  shorter.  Caudal  laminae  scarcely  twice  as  long  as 
broad,  and  shorter  than  the  preceding  segment. 
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Another  marine  species  found  among  weeds  at  Hillswick,  Shetland, 
and  also  at  Tobermory  in  the  Isle  of  Mull.  A  much  smaller  species 
than  the  last,  and,  if  it  were  not  for  the  greater  number  of  joints  in  the 
antennas,  not  unlike  C.  magniceps  of  Lilljeborg. 

Longipedia  coronata,  Claus,  Die  frei  lebenden  Copepoden,  p.  Ill,  pi.  xiv. 
figs.  14-24.     Abundant  at  Hillswick. 

Amymone  falcata,  n.  sp.  Superior  antennae  in  female  8-jointed  ;  second  joint 
the  longest,  fourth  shorter  than  any  of  preceding ;  in  male  second  and 
fourth  joints  subequal,  and  twice  as  long  as  third.  First  segment  in- 
feriorly  much  produced,  and  extending  backwards  in  an  acute  falcate 
form.  Hand  long  ovate,  palm  fringed  with  long  cilia ;  finger  nearly  as  long 
as  palm,  very  slender.  The  coalesced  sixth  segment  has  the  infero- 
posteal  corner  produced  backwards  into  a  somewhat  hamate  spine-formed 
process.     Pereiopods  long  and  slender,  extending  beyond  the  body. 

In  most  particulars  this  species  comes  near  to  A.  splicerica,  Claus ; 
but  the  first  segment  is  widely  different,  being  of  similar  form  to  that  of 
A,  harpacticoides,  Claus,  but  still  more  produced. 
Among  Laminarifle,  Bressay  Sound,  1867. 

Tisbe  furcata  (Baird)  =  Canthocamptus  furcatus,  Baird,  Nat.  Hist.  Brit. 
Entom.  p.  210,  pi.  xxv.  figs.  1, 2,  and  pi.  xxx.  figs.  4-6,  =  Tisbe  furcata, 
Lilljeborg,  De  Crust.  Clad.  Ostrac.  et  Cop.  in  Scania  occurr.  p.  192, 
pi.  xxv.  figs.  1-5, 11,  12,  and  17 ;  Claus,  Die  frei  lebend.  Copep.  p.  116, 
pi.  xv.  figs.  1-10,  =  Tisbe  ensifsr,  Fischer,  Beitrage  zur  Eenntniss  der 
Entom.  p.  24,  pi.  xxii.  figs.  67-70.  Common ;  Lerwick,  Balta,  Hills- 
wick. 

Westwoodia  nobilis  (Baird) =Arpacticus  nobilis,  Baird,  7.  c.  p.  214,  pi.  xxviii. 
fig.  2,  =  Westwoodia  nobilis,  Claus,  I.  c.  p.  118,  pi.  xxi.  figs.  1-9.  Among 
weeds  at  Lerwick,  1867. 

Canthocamptus  staphylinus  (Jurine).     Ponds,  common. 

Cleta  forcipata,  Claus,  Die  Copepoden-Fauna  von  Nizza  (1866),  p.  23,  pi.  ii. 
figs.  9-11.  Between  tide-marks,  Balta  Sound.  The  male  differs  from 
the  female  in  the  structure  of  the  first  feet,  which  are  greatly  longer, 
and  at  the  same  time  more  slender  in  all  their  parts.     New  to  Britain. 

Dactylopus  Strbmii  (Baird)  =  Canthocamptus  Stromii,  Baird,  Brit.  Entom. 
p.  208,  pi.  xxvii.  fig.  3,  =  Dactylopus  Stromii,  Claus,  Frei  lebend.  Copep. 
p.  126,  pi.  xvi.  figs.  1-6.     Lerwick. 

tisboides,  Claus,  Frei  lebend.  Copep.  p.  127,  pi.  xvi.  figs.  24-28 ;   Die 

Copep.-Fauna  von  Nizza,  p.  27,  pi.  iii.  figs.  1-7.     Bressay  Sound. 

Genus  Tigbiopus*,  n.  g. 

First  feet  having  outer  branches  2-jointed,  both  joints  very  long,  last  wide 
at  the  extremity,  with  short  recurved  claws ;  inner  branch  much  shorter  than 
the  outer,  3-jointed ;  basal  joint  very  long,  two  following  short.  Gnathopod 
(lower  footjaw)  of  moderate  size.     Mandible  palp  1-branched,  3-jointed. 

Tigrioptts  Lilljeborgii,  n.  sp.= Harpacticus  cheUfer,  Lilljeborg,  De  Crust,  ex 
ord.  tribus  Clad.  Ost.  et  Copep.  p.  200,  pi.  xxii.  figs.  2-11  (but  not 
Harpacticus  chelifer  of  other  authors).  Iilljeborg's  figures  of  this  species 
are  good,  and  by  comparing  those  of  the  gnathopod  and  first  and  last 
feet  with  the  drawings  given  by  Claus  of  the  same  parts  of  the  true 
Harpacticus  chelifer,  the  chief  points  of  distinction  will  be  at  once  mani- 
fest ;  the  structure  of  the  extremity  of  the  outer  branch  of  the  first  feet 

*  Tiypis,  a  tiger ;  irovt,  a  foot. 
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reminds  us  strongly  of  the  paw  and  claws  of  one  of  the  Felidae,  hence 
the  generic  name  which  I  have  chosen.  Frequent  in  Shetland,  and 
sometimes  occurring  in  immense  numbers  in  rock-pools  which  are  only 
reached  by  the  sea  at  high  spring-tides ;  under  such  circumstances  I  have 
taken  it  at  the  Out  Skerries,  Shetland,  and  near  Marsden,  on  the  coast 
of  Durham.  I  have  dedicated  this  species  to  that  excellent  carcinologist 
Professor  Lilljeborg. 

Thalestris  lonmmana,  Clans,  Diefreilebend.  Copep.  p.  130,  pi.  xviii.  figs.  1-11. 
Among  Laminari®,  Bressav  Sound. 

Helgolandka,  Clans,  Die  feci  lebend.  Copep.  p.  131,  pi.  xvii.  figs.  12-21. 

Bressay  Sound. 

harpacticoides,  Clans,  Die  frei  lebend.  Copep.  p.  133,  pi.  xix.  figs.  2-11. 

Hillswick,  among  weeds,  1867. 

Clausii,  n.  sp.  Rostrum  short,  blunt,  not  as  long  as  first  joint  of  an- 
tennae. Gnathopod  (lower  footjaw)  having  inner  margin  of  hand 
straight,  smooth,  outer  strongly  arched;  finger  not  quite  as  long  as  hand, 
much  curved  at  the  extremity.  First  feet  with  the  branches  shorter  and  . 
stouter  than  usual,  subequal  in  length ;  outer  much  stouter  than  inner, 
its  inner  margin  glabrous,  except  three  or  four  cilia  close  to  tho  base, 
outer  margin  ciliate ;  a  large  lanceolate,  ciliated  spine  on  the  peduncle ; 
a  spine  at  distal  extremity  of  first,  and  another  near  the  extremity  of 
second  joint,  which  is  only  about  twice  and  a  half  as  long  as  broad ; 
last  joint  with  three  terminal  spines  and  a  seta,  the  innermost  spine 
more  slender  than  and  about  half  as  long  again  as  the  next:  inner 
branch  much  more  slender  than  outer,  2-jointed ;  first  joint  long,  margins 
glabrous,  inner  with  a  seta  rather  nearer  to  the  base  than  to  the  ex- 
tremity ;  second  joint  terminating  in  two  claw-spines,  not  very  unequal 
in  length.  Last  feet  with  the  outer  branch  obovate,  margin  ciliated, 
with  six  setae  on  the  more  distal  portion  of  the  outer  margin  and  the 
extremity ;  the  innermost  seta  the  longest,  and  the  two  following  close 
together,  and  very  much  smaller  than  the  others :  inner  branch  rather 
shorter  than  outer,  five  setae  on  distal  portion  of  inner  margin  and  at 
the  extremity,  ciliated  between  the-  setae,  and  the  seta  nearest  the  base 
plumose ;  the  setae  not  differing  greatly  in  length,  but  the  third  rather 
the  longest.  Caudal  laminaB  with  five  setae,  which  are  peculiarly 
swollen  at  the  base ;  the  innermost  but  one  the  longest,  the  next  half 
its  length,  the  others  very  short,  spine-like.  In  the  male  the  abdominal 
segments  have  rows  of  spinules  on  the  sides ;  the  external  branch  of  the 
last  feet  is  narrow,  with  seven  setae,  of  which  the  innermost  but  one  is 
much  the  longest,  and  the  next  is  minute;  the  caudal  setae  are  not 
swollen  at  the  base.  First  feet  as  in  the  female.  Found  among  Lami- 
nariae  in  Bressay  Sound,  1867 ;  and  also  at  Tobermory,  in  the  Isle  of 
Mull,  in  1866.  I  have  named  this  species  after  the  author  of  tho 
beautiful  work,  so  often  referred  to  here,  on  the  free-living  Copepoda. 

JIarpacticu8  chelifer  (Muller).     Bressay  Sound. 

Poreellidium  dentatum,  Claus,  Beitrage  zur  Kenntniss  der  Entomostraken 
(1860),  p.  8,  pi.  ii.  figs.  19-22 ;  Die  frei  lebenden  Copepoden,  p.  140, 
pi.  xvii.  figs.  2-5.     Among  weeds,  Hillswick  and  Lerwick,  abundant. 

Jlmbriatum,  Claus,  Die  frei  lebenden  Copepoden,  p.  140,  pi.  xvii.  fig.  1. 

Hillswick  and  Lerwick. 

subrotundum,  n.  sp.     Short,  broad,  nearly  as  broad  as  long ;  cephalo- 

thorax  subtruncate  in  front ;  antennae  short,  not  reaching  the  sides  of 
cephalothorax.     Caudal  laminae  as  broad  as  long,  truncated  distally ; 
1868.  r 
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appendages  of  antepenultimate  segment  triangular,  with  small  set©  on 
the  external  margin  towards  the  extremity.  On  Laminariae,  Hillswick. 
Differing  from  P.  dentatum  chiefly  in  the  form  of  the  plate  attached 
to  the  antepenultimate  segment,  which  in  that  species  is  as  wide,  or 
even  wider,  at  the  extremity  than  at  the  hase,  and  denticulate,  while 
in  P.  subrotundum  it  is  triangular,  narrowing  from  the  hase  to  the  ex- 
tremity, and  only  furnished  with  small  setae.  It  may  be  mentioned 
that  though  the  size  of  this  plate  in  proportion  to  the  other  appendages 
varies  greatly  according  to  age,  the  form  is  still  preserved. 

Altiuiha  bopyroides,  Claus,  Die  frei  lebenden  Copepoden,  p.  143,  pi.  xxii. 
figs.  10-17.     Abundant  in  the  drift-net,  and  by  washing  Laminariae. 

purpurocincta,  l$ormaJi=PeUidiumpurpureumt  White,  Popular  History 

of  British  Crustacea,  p.  308,  pi.  xviii.  fig.  4  (but  not  Peltidium  pur- 
pureum,  Philippi).  This  fine  species,  which  it  is  necessary  to  re-name, 
is  abundant  on  Laminariae  at  Hillswick. 

Zaus  spinosus,  Goodsir,  Ann.  Nat.  Hist.  vol.  xvi.  (1845)  p.  326,  pi.  xi. 
figs.  1-8 ;  Clans,  Die  frei  lebend.  Copep.  p.  146,  pi.  xxii.  fig.  5,  and 
pi.  xxiii.  figs.  1-10.     Among  weeds,  tide-marks,  Balta  Sound. 

Aspidiscus,  n.  g.* 

Body  oval,  depressed  like  that  of  Zaus.     Upper  antennae  9-jointed,  second 
and  third  joints  long,  last  six  short  (in  male  third  joint  short,  fourth,  fifth, 
Bixth  long).     Lower  antennae  with  the  secondary  branch  slender.     First  feet 
with  the  inner  branch  3-jointed,  the  first  large  and  very  stout,  second  and 
third  very  short,  the  last  with  two  membranaceous  appendages ;  outer  branch 
not  longer  than  basal  joint  of  inner  branch,  3-jointed,  last  joint  furnished 
with  spines  and  setae.     Last  feet  consisting  of  one  falcate,  2-jointed  branch. 
Aspidiscus  fasciahis,  n.  sp.     Cephalothorax  ovate,  truncate  behind ;  sides  of 
segments  produced  backwards  in  curved  points.     Abdomen  much  nar- 
rower than  cephalothorax.     Caudal  laminae  very  small,   caudal  setae 
very  long.     Upper  antennae  in  female  9-jointed,  first  joint  short,  second 
longer,  with  numerous  setae  on  anterior  margin,  third  much  loriger  than 
second,  with  a  tuft  of  setae  at  the  distal  extremity  of  anterior  margin, 
fourth  half  length  of  third,  last  five  joints  short ;  in  the  male  the  third 
joint  is  shorter  than  the  second,  fourth  twice  as  long  as  third,  fifth  half 
length  of  fourth,  and  shorter  than  sixth,  last  three  short.     First  feet 
having  the  inner  branch  with  a  very  massive  basal  joint,  which  is  hol- 
lowed on  the  inner  margin  at  the  base,  where  there  is  a  rounded  lobe 
attached  to  the  peduncle ;  beyond  this  excavation  of  the  margin  there  is 
a  long  seta,  second  and  third  joints  very  short,  combined,  not  so  long  as 
the  curious  appendages  of  the  last,  which  consist  of  two  laciniae  termi- 
nating in  membranaceous  expansions,  as  in  the  genus  Scutillidium  {vide 
Claus,  Die  Copepoden-Fauna  von  Nizza,  pi.  iv.  1ig.  15) ;  outer  branch 
3-jointed,  much  more  slender  and  not  longer  than  the  basal  joint  of 
inner,  the  third  joint  furnished  on  the  side  with  delicate  spines,  and  at 
the  apex  with  setae ;  basal  joint  with  a  plumose  seta  at  the  distal  ex- 
tremity of  outer  margin.     Last  feet  1 -branched,  falcate,  consisting  of 
two  long  joints ;  the  last  slightly  bilobed  on  the  inner  margin,  ciliated, 
rounded  at  the  extremity,  with  only  one  short  terminal  seta.     Colour 
pale,  with  a  ruby-coloured  fascia  on  the  second  and  third,  or  second, 
third,  and  fourth  segments  of  the  cephalothorax. 

*  'Affxtftreof,  a  little  shield. 
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Abundant  on  Laminari®  at  Hillswick.  It  comes  near  to  Scutillidium, 
Claus,  differing  chiefly  in  the  first  feet  having  tho  inner  branch  with 
second  and  third  joints  very  short,  and  in  the  structure  of  the  outer 
branch ;  and  in  the  last  feet  consisting  of  only  a  single  branch. 

CetocTiilus  septentrionalis,  Goodsir=().  Helgolandicus,  Claus,  Die  frei  lebenden 
Copepoden,  p.  171,  pi.  xxvi.  figs.  2-7.  Abundant  in  the  surface-net  in 
the  open  sea. 

Calanua  Clausii,  G.  S.  Brady,  Nat.  Hist.  Trans.  Northumberland  and  Durham, 
vol.  i.  (1865)  p.  33,  pi.  i.  figs.  1-11, 13.  In  surface-net  off  Out  Skerries, 
1861,  and  Balta  Sound,  1867. 

Bias  longiremis,  Lilljeborg,  De  Crust,  ex  ord.  tribus  Clad.  Ost.  et  Cop.  (1853) 
p.  181,  pi.  xxiv.  figs.  1-13  ;  Claus,  Die  frei  lebenden  Copepoden,  p.  193, 
pi.  xxxiii.  figs.  6-14 ;  G.  S.  Brady,  Nat.  Hist.  Trans.  Northumb.  and 
Durham,  vol.  i.  (1865)  p.  35,  pi.  i.  fig.  14,  and  pi.  ii.  figs.  11-18,  =  Calanus 
Euchceta,  Lubbock,  Ann.  Nat.  Hist.  2nd  ser.  vol.  xx.  (1857)  p.  401,  pi.  x. 
figs.  1-6.     Abundant  in  the  towing-nct. 

Temora  Finmarchica  (Gunner).     Towing-net,  common. 

Ichihyophorba  Tiamata,  Lilljeborg,  De  Crust*  Clad.  Ostrac.  et  Copep.  p*  185, 
pi.  xxi.  figs.  1-5, 7-9,  and  pi.  xxii.  figs.  9-12,  =  Ichihyophorba  angustata, 
Claus,  I  c.  p.  199,  pi.  xxxv.  figs.  2,  10-12,  =/.  hamata,  G.  S.  Brady,  Nat. 
Hist.  Trans.  Northumb.  and  Durham,  vol.  i.  (1865)  p.  39,  pL  i.  fig.  17, 
and  pi.  iv.  figs.  7-10,  ^Biaptomus  Bateanus,  Lubbock,  Ann.  Nat.  Hist. 
2nd  ser.  vol.  xx.  (1857)  p.  404,  pi.  xi.  figs.  1-3*  In  towing-net, 
frequent. 

dcnticornis,  Claus,  I.  c.  p.  199,  pi.  xxxv.  figs.  1, 3-9  ;  G<  8.  Brady,  Nat. 

Hist.  Trans.  Northumb.  and  Durham,  vol.  i.  (1865)  p.  40,  pi.  iv.  figs.  1-6. 
Towing-net,  open  sea,  occasional. 

Biaptomus  Westwoodii,  Lubbock,  Transi  linn.  See.  vol.  xxiv.  p.  203,  pL  xxxi. 
figs.  1-6.     In  lakes  near  Lerwick,  and  in  Unst. 

Anomalocera  Palersonii,  Templeton.     Common  in  the  surface-net. 

Pontellina  brevicornis,  Lubbock,  Ann.  Nat.  Hist.  2nd  ser.  vol.  xx.  (1857) 
p.  407,  pi.  xi.  figs.  4-8.  Taken  once  abundantly  in  the  towing-net  be- 
tween the  Pair  Isle  and  Shetland  in  1863. 

Notodelphys  ascidicola,  Allmann ;  Baird,-  Brit.  Entom.  p.  238,  pi.  xxx.  figs.  7, 
8,  =  N.  AUmanni,  Thorell,  Crust,  som  lefva  a  arter  af  slagtet  Ascidia, 
p.  34,  pis.  i.  and  ii.  fig.  1. 

From  the  branchial  sac  and  water-passages  of  Ascidia  venosa.  The 
specimens  of  this  and  all  the  following  species  of  Crustacea  parasitic  in 
Ascidians  have  been  kindly  forwarded  to  me  by  Mr.  Albany  Hancoek, 
who  found  them  during  his  investigations  into  the  anatomy  and  physio-*- 
logy  of  the  Tunicata,  when  dissecting  Shetland  Ascidians,  with  which 
Mr.  Jeffreys  and  myself  had  supplied  him.  All  the  seven  following 
species  are  new  to  our  fauna. 

ccerulea,  Thorell,  Crust,  som  lefva  a  arter  af  slagtet  Ascidia,  p.  37,  pis.  iii. 

and  iv.  fig.  4. 

From  the  branchial  sac  and  water-passages  of  Ascidia  parallelogramma 
and  A.  venom. 

prasina,  Thorell,  Crust,  som  lefva  a  arter  af  slagtet  Ascidia,  p.  41,  pi.  v. 

fig.  7.     From  the  water-passages  and  branchial  sac  of  Ascidia  mentula. 

Boropygus  auritus,  Thorell,  Crust,  som  lefva  a  arter  af  slagtet  Ascid.  p.  50, 
pis.  vii.  &  viii.  fig.  10.  From  the  branchial  sac  and  water-passages  of 
Ascidia  mentula. 

Botachus  cylindratus,  Thorell,  Crust,  som  lefva  a  arter  af  slagtet  Ascidia, 
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p.  55,  pi.  ix.  fig.  12.    In  the  branchial  sac  and  water-passages  of  Ascidia 
mentula. 

Notopteropliorus  papilio,  Hesse,  Annales  des  Sciences  Natur.  Ginquieme  Sene, 
Zoologie,  vol  i.  (1864)  p.  338,  pi.  ii.  figs.  1, 2,  and  vol.  iii.  (1865)  p.  221. 
This  most  extraordinary  species  was  found  by  Mr.  Hancock  in  the 
branchial  sac  and  water-passages  of  Ascidia  mentula.  It  is  a  very  inter- 
esting addition  to  our  fauna. 

Entorocola  eruca,  n.  sp.  Allied  to  Entorocola  fulgens,  Van  Beneden  (Re- 
cherches  sur  la  Faune  Iittorale  de  Belgique,  Crustaces  (1861),  p.  150, 
pi.  xxvi.),  but  is  apparently  distinct.  The  feet  have  one  branch  stout, 
papillary,  not  furnished  with  any  claw,  the  other  much  more  slender, 
terminating  in  three  minute  curved  spines.  The  fifth  segment  of  the 
body  has  a  cylindrical  tubercular  process  on  each  side  of  the  back.  The 
abdomen  is  composed  of  two  (?  three)  articulations,  and  terminates  in  a 
furca,  the  branches  of  which  are  shorter  than  broad,  and  are  furnished 
with  a  spine  at  the  tip. 

Adhering  to  the  intestine  of  Ascidia  intestinalis.    The  type  of  the 
genus  was  found  by  Van  Beneden  in  two  species  of  Aplidium. 

Idchomolgus  forficula,  Thorell,  Krustaceer  som  lefva  i  arter  af  slagtet  Ascidia, 
p.  73,  pis.  xii.  &  xiii.  fig.  19.  From  the  water-passages  and  branchial 
sac  of  Ascidia  mentula. 

Ascomyzon  echinicola,  n.  sp.  Form  of  body  and  of  the  several  segments  near 
to  that  of  A.  LiUjeborgii  (vide  Thorell,  K.  Yet.  Akad.  Hand.  Bd.  iii. 
No.  8  (1859),  pi.  xiv.  fig.  21),  but  the  last  thoracic  segment  rather 
longer,  and  the  caudal  laminae  fully  twice  as  long  as  broad,  and  longer 
than  preceding  segment.  Upper  antennae  much  shorter  than  in  that 
species,  20-jointed,  the  eleven  basal  joints  excessively  short,  the  remain- 
ing somewhat  longer,  but  none  of  them  (unless  it  be  the  seventeenth  and 
eighteenth)  as  long  as  they  are  broad. 
Parasitic  upon  Echinus  esculentus,  Linn. 

Oaligus  rapax,  M.-Edwards.  Common  on  fish  belonging  to  the  family 
Gadidae. 

>  curtuSy  Muller=  0.  MuTleri,  Baird,  Brit.  Entom.  p.  271,  pi.  xxxii.figs.  4, 5. 
Common  on  Cod,  Haddock,  ling,  &c. 

Lepeophtheirus  Saknonis,  Kroyer,  Naturhistorisk  Tidsskrift,  2  Bd.  (1837) 
p.  13,  (figured) :  1  Bd.  pi.  vi.  fig.  7,  = Lepeophtheirus  Strimii,  Baird,  Brit. 
Entom.  p.  274,  pi.  xxxii.  figs.  8,  9.  From  "  Sea-Trout "  taken  in  the 
loch  near  Burrafirth. 

>  Hippoglossi,  Kroyer. :  Not  uncommon  on  Hippoglossus  vulgaris. 
Trebius  caudatus,  KroyerX*  Common  on  Skate. 

Nogagus  Luikeni,  n.  sp.  Upper  antennae  with  both  joints  long,  the  first 
terminating  in  a  bunch  of  lanceolate  plumose  setae,  the  second  somewhat 
clavate,  three  to  four  times  as  long  as  broad ;  anterior  margin  plain, 
posterior  with  a  single  spine  just  beyond  the  middle ;  extremity  with  a 
tuft  of  setae.  Cephalothorax  much  rounded,  the  posterior  lateral  pro- 
cesses strongly  arched  and  incurved.  Hinder  antennae  with  the  hook 
long  and  slender,  and  the  penultimate  joint  furnished  with  two  very  long 
setae.  Second  gnathopods  (maxillipeds)  with  three  crenated  nodulous 
processes  on  the  palm.  Genital  segment  subquadrate,  rather  longer 
than  broad,  the  sides  gently  convex.  Abdomen  consisting  of  two  seg- 
ments and  the  caudal  laminae ;  the  segments  short  and  broad,  the  second 
as  long  again  as  the  first,  the  two  taken  together  not  exceeding  the 
breadth  of  the  last ;  the  caudal  laminae  large,  as  long  as  the  two  pre- 
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ceding  segments,  terminating  in  four  long  plumose  laciniae  and  two  small 
spines ;  inner  margin  of  laminoe  ciliated. 

Kindly  procured  for  me  by  Dr.  Saxby,  and  found  on  a  Skate.  It  is  very 
distinct  from  all  the  described  species  known  to  me.  I  have  named  it 
after  my  friend  Dr.  Liitken,  of  Copenhagen,  to  whom,  in  conjunction 
with  Prof.  Steenstrup,  we  are  indebted  for  one  of  the  best  monographs 
on  the  parasitic  Copepoda. 

fyhrogalcus  coleoptratus  (Guerin)  s=  Dinematura  coleoptrata,  Guerin,  Icon. 
Keg.  Anim.  Crust,  pi.  xxxv.  fig.  6,  =Dinemoura  alata,  Baird,  Brit. 
Entom.  p.  285,  pi.  xxxiii.  figs.  6,7,  =*Ec7iihrogaleus  coleoptratus,  Steen- 
strup &  Liitken,  Havs  Snyltekrebs  og  Lernseer  (1861),  p.  40,  pi.  viii. 
fig.  15.     On  a  Shark. 

nematura  producta  (Miiller)==Z)w#nowra  Lamnce,  Baird,  Brit.  Entom. 
p.  286,  pi.  xxxiii.  fig.  8,  =  Dinematura  producta,  Steenstrup  <fc  Liitken, 
Havs  Snyltekrebs  og  Lernacer,  p.  34,  pi.  vii.  fig.  ]  3.     With  the  last. 

ndarus  bicolor,  Leach.     On  Dogfish. 

ondracanihus  Lophii,  Johnston =Lernertoma  Lopliii,  Baird.  In  the  pouches 
of  the  Angler,  Lophius  piscatorius. 

achiella  rostrdta,  Kroyer,  Naturhistorisk  Tidsskrift,  1  Bd.  (1837)  p.  207, 
pi.  ii.  fig.  1,  and  Naturhist.  Tidss.  Tredio  Raekke,  vol.  ii.  (1864)  p.  364, 
pi.  xvii.  fig.  8.    On  the  Holibut,  Hippoglossus  vulgaris.    New  to  Britain. 

chorella  uncinate,  (Mullcr).     Common  on  various  Gadidee  and  other  fish. 

Order  THOBACICA. 

'anus  porcatus,  Da  Costa.  Common  in  deep  water ;  but  I  have  never  seen 
large  specimens  in  the  Shetland  seas. 

-  Hameri  (Ascanius).     40-50  fathoms ;  scarce. 

-  balanoides  (linn.).     Common. 

*ruca  Strdmia  (Miiller).     Common  on  shells  and  stones  in  deep  water. 
Ipellum  vulgare,  Leach.     Down  to  60  fathoms,  St.  Magnus  Bay,  Whalsey 

Skerries  Haaf;  offBalta&c. 
ppe  lampas,  A.  Hancock,  Ann.  &  Mag.  Nat.  Hist.  2nd  ser.  vol.  iv.  (1849) 

p.  305,  pis.  viii.  ix.     In  the  shell  of  Fusus  antiquus,  dredged  in  40-50 

fathoms,  5-8  miles  east  of  Balta. 

Order  PYCNOGONOIDEA. 
wgonum  littorale,  Strom.     Very  common  under  stones,  tide-marks;  and 

also  in  deep  water  to  50  fathoms. 
vichilidium  fcmoratum  (Rfxihke)=Phoxichilidium  coccineum,  Johnston. 

Common,  tide-marks. 
iphon  giganteum,  Johnston.     Occasional,  deep  water. 

-  Stromii,  Kroyer,  Naturhist.  Tidssk.  Andet  Rtekke  (1844),  vol.  i.  p.  Ill ; 
Gaimard,  Voyages  en  Scandinavio  &c.  pi.  xxxv.  fig.  3.  A  single  speci- 
men, the  only  known  British  example,  dredged  in  1861  in  80  fathoms, 
40  miles  east  of  Whalsey  Skerries. 

-  hirtum,  O.  Fab.  One  mile  north  of  Whalsey  Skerries  Lighthouse,  in 
40-50  fathoms. 

-  mixtum,  Kroyer.     St.  Magnus  Bay,  1867. 

Class  ARACHNIDA. 

Order  ACABINA. 
xarus  ctenopus,  Gosse,  Ann.  Nat.  Hist.  2nd  ser.  vol.  xvi.  (1855)  p.  28, 
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pi.  iii,  figs.  6-10.    Common  among  seaweeds  in  littoral  and  laminarian 
zones. 
Pachygnai/ius  notops,  Gosse,  Ann.  Nat.  Hist.  2nd  ser.  vol.  xvi.  (1855)  p.  304, 
pi.  viii.  figs.  1-4.     Abundant  on  weeds  in  rock-pools,  Balta  Bound, 
1867. 

Class  TUNIC  ATA. 

My  entire  collection  of  Tunicata  having  been  placed  in  Mr.  Aider's 
hands  for  use  in  the  preparation  of  the  work  which,  in  conjunction  with 
Mr.  A.  Hancock,  he  had  undertaken  for  the  Ray  Society,  and  which  will  be 
shortly  published,  the  nomenclature  of  the  following  list  may  be  relied  upon. 
Species  of  Botryllus,  Botrylloides,  and  allied  genera  are  numerous  in  Shet- 
land, but  it  being  impossible  to  preserve  them  satisfactorily,  and  not  having 
works  with  me,  I  was  unable  to  identify  more  than  two  or  three  species 
with  any  degree  of  certainty,  and  have  thought  it  better  therefore  entirely 
to  omit  these  genera  in  the  present  Report,  and  leave  them  for  somo  future 
investigator  to  work  out. 

Pehnaia  corrugate,  Forbes  &  Goodsir,  A  single  small  specimen  off  the 
Island  of  Balta, 

Aseidia  intestinalis,  Linn.  At  low  water,  "West  Voe,  Whalsey  Skerries,  and 
Lerwick. 

venosa,  Miiller.     Middle  Haaf,  off  Out  Skerries,  40-50  fathoms ;  also 

Haroldswick  Bay. 

mentula,  Miiller.     Middle  Haaf. 

rudis,  Alder,  Ann.  Nat.  Hist.  1863,  vol.  xi.  p.  155.     Tho  type  specimens 

were  taken  at  low-water  mark  near  the  "Whalsey  Lighthouse,  Out 
Skerries,  1861. 

obliqua,  Alder,  Ann.  Nat.  Hist.  1863,  vol.  xi.  p.  154.  The  type  spe- 
cimens were  dredged  in  40-50  fathoms  on  the  Outer  Haaf,  duo  east  of 
Whalsey  Lighthouse,  in  1861 ;  also  several  fine  examples,  in  about  tho 
same  depth  of  water,  between  the  islands  of  Whalsey  and  Balta,  1867. 

sordida,  Alder  &  Hancock.     50-80  fathoms,  and  common.     In  most 

extraordinary  profusion,  on  sandy  ground,  7-10  miles  east  of  the  Isle 
of  Balta,  in  company  with  Tubxdaria  gracilis,  Eudendrum,  Zoanthus 
papillosum,  which  all  occur  in  greater  quantity  in  that  locality  than 
elsewhere  in  Shetland.  In  one  spot  the  dredge  came  up  again  and 
again  literally  filled  with  A.  sordida. 

vxrgxnea,  Miiller.     "  Zetland,  R.  M* Andrew  <fc  E.  Forbes"  (Forbes  & 

Hanley).     It  is  probable  that  the  last  species  is  meant. 

■  paralldogramma,  Miiller.      Apparently  rare,  one  specimen  only,  10 

miles  east  of  Balta. 

depressa,  Alder  <fc  Hancock.    Low  water,  Island  of  Housay,  in  company 

with  the  following  species. 

scabra,  Miiller.     Island  of  Housay  (Out  Skerries),  in  the  West  Yoe, 

spring  tides,  common. 

elliptica,  Alder  &  Hancock.     Low  water,  Lerwick,  1861. 

plebeia,  Alder,  Ann.  Nat.  Hist.  1863,  vol.  xi.  p.  155.     Forty  miles  east 

of  Whalsey  Lighthouse,  1861,  tho  type  specimens. 

Molgula  arenosa,  Alder  &  Hancock  ;  Alder,  Ann.  Nat.  Hist.  1863,  vol.  xi.  p. 
160 ;  Molgula  tubulosa,  Forbes  <fc  Hanley,  vol.  i.  p.  36  (but  not  M. 
tubulosa,  Miiller).  Common  on  the  Haddock-grounds  between  Whalsey 
and  Feltar ;  east  of  Balta  ;  St.  Magnus  J)ay,  &c. 
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rolgula  citrina,  Alder  &  Hancock.  *  Low  water,  Lerwick,  1861. 
tjnthia  coriacea,  Alder  &  Hancock.     Dourie  Voe,  1863. 

—  grossularia,  Van  Beneden.     Common  between  tide-marks. 

—  echinata,  Linn. ;  Ascidia  echinaia,  Forbes  &  Hanley,  vol.  i.  p.  35,  pi.  C. 
fig.  4.  5-40  fathoms,  Middle  Haaf  and  Bressay  Sound,  1863.  Para- 
sitic on  Ascidia  sordida,  5-8  miles  east  of  Balta,  40-50  fathoms,  1867. 

avdina  lepadiformis,  MiiUer.      One  mile  north  of  Whalsey  Lighthouse, 

1861. 

lyclinum  aurantium,  M.-Edwards.     3-5  fathoms,  Out  Skerries  Harbour. 

—  succineum,  Alder,  Ann.  Nat.  Hist.  1863,  vol.  xi.  p.  169.  The  type  spe- 
cimen was  dredged  in  1861,  in  50  fathoms,  on  the  Haddock-ground,  6 
miles  north  of  Whalsey  Lighthouse. 

mroecium  albicans,  M.-Edwards,  Observ.  sur  les  Ascidies  Composees,  p.  287, 

pi.  i.  fig.  3  b.     Low  water,  Lerwick. 

?     An  undetermined  species,  tide-marks,  Balta  Sound,  1863. 

tryllus  and  BotryUoides.     ^bout  ten  species  observed,  but  not  determined 

satisfactorily. 
otoclinum  durum,  M. -Edwards =Leptoclinum  aureum  (misprint),  Forbes  <fe 

Hanley,  vol.  i.  p.  17.     Tide-marks,  West  Yoe,  Out  Skerries,  1861. 

—  punctatum,  Forbes.     With  the  last. 

lemnum  #efa*mosum,  M.-Edwards,  Obs.  Ascid.  Compos,  p.  295,  pi.  vii.  fig.  5. 
Low  water,  spring  tides,  West  Voe,  Out  Skerries ;  and  in  Out  Skerries 
Harbour,  on  roots  of  Laminarise. 

-ascidia  Flemingii,  Alder,  Ann.  Nat.  Hist.  1863,  vol.  xi.  p.  172.  Sidnyum 
turbinatum,  Fleming.  Low  water,  Lerwick.  In  Mr.  Alder's  opinion  this 
is  not  the  Sidnyum  turbinatum  of  Savigny  (Mem.  Anim.  sans  Yertebres, 
vol.  ii.  p.  238),  nor  the  Sidnyum  turbinatum  of  Forbes  and  Hanley,  which 
he  also  considers  distinct  from  Savigny's  species,  and  proposes  to  name 
Parascidia  Forbesii. 

pa  runcinata,  Chamisso.  Both  sexual  and  asexual  forms  in  vast  numbers, 
in  company  with  Diphyes  and  Physophora,  30-35  miles,  N.N.W.  of 
Burrafirth  Lighthouse,  July  17  and  18,  1867. 

lendicularia  Jlagellum,  Huxley.  Some  Appendiculariw  were  taken  by  me 
in  the  towing-net  in  Balta  Sound  in  1863,  which  I  believe  belonged  to 
this  species ;  but  the  bottle  in  which  they  were  preserved  was  unfor- 
tunately lost  (I  conclude  left  behind  in  Shetland),  and  thus  also  the 
accurate  determination  of  the  species. 

ClassPOLYZOA. 

or  this  class  I  have  adopted,  as  far  as  it  goes,  the  general  arrangement 
i£r.  Busk,  in  '  A  Monograph  of  the  Fossil  Polyzoa  of  the  Crag,  1859.' 
;  work  having  been  published  subsequently  to  the  '  Catalogue  of  Marine 
rzoa  in  the  collection  of  the  British  Museum,  1852/  gives  us  the  author's 
urer  views.  With  respect  to  the  species,  if  no  reference  to  other  works 
iven,  they  will  be  found  described  in  the  '  Catalogue ; '  but,  as  will  be 
by  the  following  Eeport,  our  knowledge  of  the  animals  of  this  class  has 
l  very  materially  extended  since  1852.  Herr  F.  A.  Smitt  has  just  pub- 
;d  a  valuable  scries  of  papers  on  the  Polyzoa  of  the  Scandinavian  seas, 
;led  "  Kritisk  fbrteckning  ofver  Skandinaviens  Hafs-Bryozoer',  (Oivers. 
'..  Vet.-Akad.  Forhandl.  1865-67),  but  I  am  not  prepared  to  acquiesce  in 
views  as  to  the  amount  of  variation  to  be  observed  in  species  of 
slass. 
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Suborder  Cheilostomata. 

ScrvpoceUaria  scruposa  (linn.).  Attached  to  old  shells  of  Mollnsca  and  Di- 
trupa,  and  on  Cdleporm,  from  40-80  fathoms. 

inermis,  Norman,  Report  Brit.  Assoc.  1866  (1867),  p.  203 ;  Quart. 

Jonrn.  Mic.  Sci.  vol.  viii.  N.  8.  p.  215,  pi.  v.  figs.  1-3.    Hare,  5-8  miles 
:j  off  Balta,  in  40-50  fathoms. 

Cellularia  Peachii,  Busk.     Haddock-grounds  and  Outer  Haaf,  frequent. 

Menipea  ternata  (Ellis  <fc  Sol.).  On  Tubuhria  indivisa,  dredged  in  70 
fathoms. 

J*ffreysii9  Norman,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1868), 

p.  213,  pi.  v.  figs.  3-5.  Only  small  fragments  of  this  species,  found 
among  dredged  sand,  have  as  yet  been  observed,  1864. 

Canda  reptans  (Pallas).  "  On  coral,  from  100  fathoms,  Outer  Haaf,  Unst  " 
(Peach,  1864). 

Salicornaria  farciminoides  (Ellis  &  Sol.).     40^70  fathoms. 

sinucsa,   Hassall,   Busk,   Mon.  Crag  Polyzoa,  p.  23,  pi.  xxi.  fig.  5 ; 

Alder,  Cat.  Zooph.  Northumberland  and  Durham,  p.  61.  In  similar 
localities  to  the  last. 

Johnsoni,  Busk=Nellia  Johnsoni,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S. 

vol.  vi.  (1858)  p.  125,  pi.  xix.  fig.  2,  —  Celfaria  Johnsoni,  id.  ibid.  vol. 
vii.  (1859)  p.  65,  pi.  xxiii.  figs.  4-5,  =  Salicornaria  Johnsoni,  id.  ibid, 
vol.  viii.  (1860)  p.  280.  Middle  Haaf,  a  much  more  delicate  species 
than  the  last  two. 

Caberea  Ellisii  (Fleming).  Caberea  Hooheri,  Busk,  Cat.  Marine  Polyz.  p.  39, 
pi.  xxxvii.  fig.  2,  =  Caberea  Ellisii,  Norman,  Quart.  Journ.  Mic.  Science, 
N.  S.  vol.  viii.  (1868)  p.  217.     Abundant,  40-70  fathoms. 

Bicellaria  ciliata  (linn.).  "  Very  rare,  45  fathoms,  Haddock-ground,  Out 
Skerries  "  (Peach,  1864). 

— —  Alderi,  Busk,  Quart.  Journ.  Mic.  Science,  N.  S.  vol.  viii.  (1860)  p.  213, 
pi.  xxviii.  figs.  1-3;  Smitt,  OfVersigt  af  K.  Vct.-Akad.  Forh.  1867, 
p.  289,  pi.  xviii.  figs.  4-8;  Norman,  Quart.  Journ.  Mic.  Sci.  vol.  viii. 
(1868)  p.  218,  =Bicellaria  unispinosa,  M.  Sars.  Dredged  in  40-100 
fathoms,  off  Unst  and  Out  Skerries.  The  locality  in  which  I  met  with 
it  most  frequently  was  5-10  miles  east  of  Balta,  in  40-70  fathoms,  in 
company  with  amazing  numbers  of  Ascidia  sordida,  with  which  the 
dredge  came  up  time  after  time  completely  filled.  It  generally  lives 
attached  to  Hydrozoa  (Tubularia,  &c). 

Btt/jula  avicularia  (Pallas).     Not  common. 

purpurotincta,  Norman,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1868) 

p.  219,  =B.fastiyiata,  Alder,  Cat.  Zoophytes  Northumberland  and  Dur- 
ham, p.  59.     Scarce,  5-7  miles  cast  of  Balta,  40-50  fathoms. 

Murrayana  (Bean). 

flahellata  (J.  V.  Thompson).  "15-50  fathoms,  Dourie  Voe  and  Had- 
dock-ground, Out  Skerries  and  Unst"  (Peach,  1864).  I  do  not  remember 
myself  having  seen  the  species. 

Flustrafoliacea,  Linn. 

truncata,  Linn. 

Barleei,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1800)  p.  123, 

pi.  xxv.  fig.  4,  =zFlustra  membranaceo-truncata,  Smitt,  Ofvcrs.  af  K. 
Vet.-Akad.  Fbrh.  1867,  p.  358,  pi.  xx.  figs.  1-5. 

Very  local,  between  Whalsey  and  Balta,  and  off  Unst,  in  about  50 
fathoms. 
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Carbasea  papyrea  (Pallas).     From  fishing-boats,  Middle  Haaf. 

Gemellaria  loriculata  (Linn.).     Occasionally  met  with. 

JStea  sica  (Couch).  Wppothoa  sica,  Couch,  Corn.  Fauna,  iii.  p.  102,  pi.  xix.- 
fig.  8,  =JEtca  recta,  Hincks,  Cat.  Zoophytes  Devon  and  Cornwall,  p.  35, 
pi.  vii.  fig.  3. 

40-80  fathoms,  on  shells  and  stones,  frequenfc 

Hippothoa  catenularia  (Jameson).     Common  on  stones  in  40-170  fathoms. 

divaricata,  Lamx.     40-90  fathoms  on  shells,  more  rarely  on  stones. 

expansa,  Norman,  Quart.  Journ.  Mic.  Sci.  vol.  viii.  (1868)  p.  216, 

pi.  vi.  figs.  1,  2.  The  type,  and  only  known  specimen,  dredged  in  100 
fathoms  off  Unst  in  1864. 

Membranipora  membranacea  (linn.). 

pilosa  (Linn.). 

coriacea  (Esper.).     On  underside  of  stones  between  tide-marks. 

lineata  (Linn.),  Alder,  Cat.  Zooph.  Northumberland  and  Durham,  p.  53, 

pi.  viii.  fig.  1.     On  roots  of  Fuci  and  Laminariao. 

spinifera  (Johnston),  Alder,  Cat.  Zooph.  Northumberland  and  Durham, 

p.  53,  pi.  viii.  fig.  2.     On  stones,  tide-marks. 

FUmingii,  Busk.     15-100  fathoms. 

craticula,  Alder,  Catal.  Zooph.  Northumberland  and  Durham,  p.  54, 

pi.  viii.  fig.  3.  On  a  stone  from  shallow  water,  Hillswick,  and  roots  of 
Laminariae,  Bressay  Sound. 

DumeriUii  (Au&Qwn)= Flustra  DumeriUii,    Audouin,    Savigny,  Hist. 

l'Egypt,  pi.  x.  fig.  12,  =  Membranipora  Pouilletii,  Alder,  Cat.  Zooph.  Nor- 
thumberland and  Dnrham,p.  56, pi.  viii. fig. 5 ;  Quart.  Journ.  Mic.  Sci. N.  S. 
vol.  v.  (1857)  p.  248  (but  not  Flustra  Pouilletii,  Audouin,  Savigny  Hist. 
l'Egypt,  pi.  ix.  fig.  12).  Occasional  on  Cellepora  cervicornis  and  shells. 
A  curious  mistake  has  been  made  by  Alder  and  Busk  respecting  this 
species,  which  is  clearly  that  represented  by  Savigny^  pi.  x.  fig.  12, 
viz.  Flustra  DumeriUii,  instead  of  which  the  name  of  pi.  ix.  fig.  12  has 
been  quoted  Flustra  Pouilletii,  which  bears  not  the  slightest  resem- 
blance to  the  present  form,  being  a  Lepralia  allied  to  L.  innominate. 

unicornis  (Fleming),  Alder,  Cat.  Zooph.  Northumberland  and  Durham, 

p.  56,  pi.  viii.  fig.  6.     "  Tide-marks,  Balta  Sound  "  (Peach,  1864). 

cornigera,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  1860,  p.  124, 

pi.  xxv.  fig.  2.  A  very  interesting  and  very  rare  species  ;  100  fathoms, 
Outer  Haaf. 

imbellis,  Hincks,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1860)  p.  275, 

pi.  xxx.  fig.  1 .     Rare,  40-50  fathoms,  5-7  miles  east  of  Balta. 

rhynchota,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1860)  p.  125, 

pi.  xxv.  fig.  1  (called  M.  minax  in  text) ;  Crag  Polyzoa,  p.  33,  pi.  iii. 
fig.  7.  In  40-170  fathoms,  common ;  the  most  abundant  species  in 
deep  water,  it  encircles  the  dead  shells  of  Dentalium  and  Ditrupa  with 
its  polyzoary. 

Hosselii  (Audouin).     On  stones,  Outer  Haaf,  80-140  fathoms. 

—  sacculata,  Norman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  (1864)  p.  88, 
pi.  xi.  fig.  3.     Common,  40-170  fathoms,  on  stones  and  shells. 

-— —  vidnerata,  Busk,  Quart.  Journ.  Mic.  Science,  N.  S.  vol.  viii.  (1860) 
p.  124,  pi.  xxv.  ^g.  3.  In  80-110  fathoms.  This  very  distinct  little 
species  has  a  very  peculiar  habit ;  it  iB  never  found  on  any  but  the 
smallest  stones.  I  do  not  remember  to  have  ever  seen  it  on  a  pebble 
larger  than  the  little  finger-nail ;  more  generally  it  selects  those  that 
are  not  more  than  a  fourth  of  that  size. 
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Alysidota  Alderi,  Busk,  Quart.  Journ.  Mic.  Science,  N.  S.  vol.  iv.  (1856) 
p.  311,  pi.  ix.  figs.  6, 7,  =Lepralia  BaAeei,  id.  ibid.  vol.  viii.  (1860)p,143, 
pi.  xxvi.  figs.  1,  2.  Common,  50-170  fathoms.  In  its  chain-like  form 
it  is  the  Alysidota  Alderi,  and  when  living  in  groups  Busk's  Lepralia 
Barlcei.  "The  two  varieties  are  occasionally  found  passing  into  each 
other.     Tho  type  specimens  of  both  are  in  my  collection. 

Lepralia  Brongniartii  (Aud.).     40-100  fathoms,  frequent. 
■■  reticulata,  Macg.     Rare,  80  fathoms. 

crystallina,  Norman,  Report  Brit.  Assoc.  1866  (1867),  p,  204.     On 

shells  and  stones,  80-140  fathoms. 

■  auriculata,  Hassall.     To  100  fathoms. 
concinna,  Busk.     40-170  fathoms. 

bella,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1860)  p.  144, 

pi.  xxvii.  fig.  2.  A  fine  species,  abundant  on  large  stones  on  the  Outer 
Haaf,  to  170  fathoms. 

sinuosa,  Busk,  Quart  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1860)  p.  125, 

pi.  xriv.  figs.  2  &  3.     On  stone  and  shell,  Outer  Haaf. 

verrucosa  (Esper.).    Tide-marks  and  shallow  water. 

cruenta,  Norman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  1864,  p.  88.     Raro, 

80-100  fathoms. 

-  spinifera,  Johnst.,  Busk,  Cat.  Marine  Polyzoa,  p.69,pl.lxxvi.figs.2,3(but 
not  the  other  figures  referred  to  at  p.  69).  On  stones  and  roots  of  Lami- 
nari®,  tide-marks  and  shallow  water,  Balta  Sound,  Hillswick,  and  Ler- 
wick. 

■  unicornis,  Johnst., =Z.  ansata,  Busk,  Crag  Polyzoa,  p.  45,  pi.  vii.  fig.  2. 
Mr.  Busk  appears  to  me  to  have  transposed  the  names  of  this  and  the 
following  species.  What  I  consider  to  bo  the  true  tinicornis  is  the 
species  evidently  referred  to  by  that  name  in  tho  *  Catalogues'  of  Alder 
and  Hincks.     It  is  common  between  tide-marks. 

ansata,  Johnston, =£.  unicornis,  Busk,  Crag  Polyzoa,  p.  45,  pi.  v.  fig.  4. 

This  species  is  distinguished  from  the  last  by  its  short  and  very  broad 
cells,  and  by  the  much  smaller  size  of  its  ovicells.  It  is  a  deep-water 
form,  and  is  extremely  abundant  in  the  Shetland  seas,  in  40-170 
fathoms.  Whether  this  is  really  a  distinct  species  from  L.  unicornis  is 
perhaps  doubtful. 

trispinosa,  Johnston.     Found  down  to  170  fathoms.     A  pretty  variety 

coating  a  Ditrupa,  has  the  punctures  round  the  margin  more  conspi- 
cuous than  usual,  an  avicularium  on  the  front  of  the  cell  in  the  centre, 
with  its  mandible  pointing  directly  downwards,  and  the  oviceil  cleft 
with  wedge-shaped  openings,  which  radiate  from  the  sides  towards  the 
centre. 

coccinea,  Abildgaard.     Abundant  between  tide-marks  and  in  shallow 

water. 

Bollix,  Johnston.     On  shells,  30-50  fathoms. 

linearis,  Hassall.     Common  down  to  170  fathoms. 

Var.  1.  hastata,  Hincks,  Cat.  Zoophytes  Devon  and  Cornwall,  pp.  46 
and  63,  pi.  xii.  fig.  4.  On  Cellepora  cervkornis,  off  the  Island  of  Balta. 
Var.  2.  crucifera.  With  tho  usual  avicularia  on  each  side  of  the  cells, 
and  with  a  central,  suboral  process  rising  from  the  cell  in  the  form  of  a 
very  long,  gradually  tapering,  rugose,  perpendicular  spine,  which  is  more 
than  equal  the  length  of  the  entire  cell,  and  in  its  most  perfect  state 
gives  off  a  branch  at  nearly  right  angles  at  rather  more  than  half  its 
height,  so  that  tho  whole  process  is  in  the  form  of  a  cross  or  trident. 
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On  a  shell  dredged  in  40-50  fathoms  off  Unst.  A  very  remarkable 
form. 

Lepralia  eiliata  (Linn.).    Tide-marks  to  90  fathoms. 

Ilyndmanniy  Johnst.     80-110  fathoms. 

Woodiana,  Busk,  Crag  Polyzoa,  p.  42,  pi.  vii.  figs.  1  &  3 ;  Hincks,  Cat. 

Zoophytes  Devon  and  Cornwall,  p.  42.  Very  abundant  in  deep  water, 
80-170  fathoms. 

discoidea,  Busk,  Quart.  Journ.  Mio.  Sci.  N.  S.  vol.  vii.  (1859)  p.  66, 

pi.  xxii.  figs.  7,  8 ;  id.  ibid.  vol.  viii.  (1860)  p.  144,  pi.  xxvii.  figs.  4,  5 ; 
Hincks,  ibid.  vol.  viii.  p.  276,  pi.  xxx.  kg.  4.  "  Shetland,  Barlee " 
(Busk). 

nitida  (Fabr.).     Tide-marks  and  shallow  water. 

anmdata  (Fabr.).     Roots  of  Laminaria)  and  stones,  shallow  water. 

Peachii,  Johnst.     To  170  fathoms. 

ventricosa,  Hassall.     15-170  fathoms. 

laqueata,  Norman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  (1864)  p.  85,  pi.  x. 

fig.  5.     80-170  fathoms,  frequent. 

abyssicola,  n.  sp.     Polyzoary  irregular,  in  patches  of  considerable  sizo. 

Cells  irregularly  arranged,  pointing  this  way  and  that,  not  in  quincunx, 
widest  in  the  middle,  tapering  thence  above  and  below,  moderately  con- 
vex ;  surface  dull,  minutely  granular,  no  raised  lines  or  rows  of  perfora- 
tions separating  the  cells :  mouth  small,  terminal ;  lower  lip  advanced, 
encroaching  on  the  mouth,  convex,  pouting,  a  denticle  within  the  mouth, 
wide,  little  raised,  and  so  deeply  seated  that  it  cannot  be  seen  unless 
carefully  looked  for ;  upper  lip  free,  bearing  two  spines  (which,  however, 
are  very  rarely  present).  Ovicell  globose,  tumid,  wider  in  the  centre 
than  the  top  of  the  cell,  with  a  little  transverse  rib  (caused  by  the  upper 
lip)  just  over  tho  mouth ;  surface  minutely  granular  as  the  cells ;  these 
minute  granulations  appear  to  be  centrally  punctate.  The  form  of  tho 
ovicells  and  mouth  in  the  fertile  cells  remind  one  forcibly  of  a  helmet 
with  the  vizor  raised.  An  inhabitant  of  the  deepest  water,  having  been 
only  found  in  140-170  fathoms  to  the  M.W.  of  Unst. 

This  species  comes  very  near  to  L.  microstoma,  but  is,  I  think  distinct. 
The  cells  are  very  much  larger,  the  mouth  less  tubular  and  raised,  the 
ovicells  less  thrown  back  off  tho  mouth ;  and  there  is  a  deeply  seated 
denticle  in  the  mouth,  which  does  not  seem  to  be  the  case  in  L.  micro- 
stoma. 

polita,  Norman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  (1864)  p.  87,  pi.  xi. 

fig.  1.     70-170  fathoms. 

-: microstoma,  Norman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  (1864)  p.  87, 

pi.  xi.  fig.  2.     20-25  miles  N.  and  N.  by  W.  of  Unst.     80-140  fathoms. 

innominata,  Couch.     Scarce,  down  to  170  fathoms. 

punctata,  Hassall.     Tide-marks,  common. 

ringens,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  iv.  (1856)  p.  308,  pi.  ix. 

figs' 3-5.     80-170  fathoms. 

—. bispinosa,  Johnst.     On  stones  and  shells,  50-170  fathoms.     Differing 

from  Guernsey  specimens  in  the  much  larger  size  of  the  cells. 

timbonata,  Busk,  Quart.  Journ.  Mic.  Sc.  N.  S.  vol.  viii.  (1860)  p.  143, 

pi.  xxvii.  fig.  1 .     "On  stone,  Shetland,  Barlee "  (Busk). 

coTlaris,  Norman,  Report  Brit.  Assoc.  1866  (1867),  p.  204.     Scarce, 

80-100  fathoms. 

Pallasiana  (Moll.) =Z.  canthariformis,  Busk,  Quart.  Journ.  Mic.  Sci. 

N.  S.  vol.  viii.  (1860)  p.  143,  pi.  xxvi.  figs.  3,  4.     Common  between  tide- 
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marks.  L.  canthariformis,  Busk,  seems  to  be  nothing  else  than  this 
species  with  the  cells  a  little  more  erect  than  usual. 

Lepralia  pertusa  (Esper).  On  shells,  especially  Ditrupse,  and  stones,  40-100 
fathoms. 

labrosa,  Busk.     Scarce,  40  fathoms. 

simplex,  Johnst.     "  45  fathoms,  Haddock-ground,  Unst,  Peach,  1864  " 

(fide  Alder  in  litt.). 

Malusii  (Audouin).     Tide-marks  to  50  fathoms. 

minuta,  n.  sp.     Cells  minute,  arranged  in  remarkably  regular  lines, 

diverging  from  a  centre ;  the  parts  about  the  mouth  raised  in  a  pustular 
manner ;  mouth  horseshoe-shaped,  the  central  portion  of  the  lower  lip 
encroaching  on  the  aperture,  sometimes  in  a  rounded,  at  others  in  a 
more  denticulate  and  bifid  form ;  surface  granulated,  margins  between 
cells  areolated ;  ovicells  subimmersed,  granular,  imperforate.  In  very 
small  roundish  patches  on  stone.  Shetland,  very  rare,  and  Guernsey 
(A.  M.  N.) ;  Wick  (Mr.  Peach). 

tubulosa,  n.  sp.  Cells  shortly  ovate,  hyaline,  smooth,  glistening,  punc- 
tate ;  mouth  produced  into  a  very  long  tube,  which  stands  upright  from 
the  polyzoary,  aperture  round,  peristome  thin  and  simple ;  on  the  cell 
just  below  the  origin  of  the  tube  a  conspicuous  pore.  A  remarkable 
form,  wholly  unlike  any  other  species ;  found  on  a  stone  dredged  in  a 
few  fathoms  water  at  HiUswick. 

monodon,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1860)  p.  213, 

pi.  xxix.  figs.  3,  4.     Common,  in  80-170  fathoms. 
•  granifera,  Johnst.     Underside  of  stones,  tide-marks. 


CeUeporeUa  hyalina  (linn.),  Gray,  list  of  British  Badiated  Animals  in  Brit. 
Mus.  pp.  128  &  149.     On  rocks  and  weeds. 

lepralioides,  Norman,  Quart.  Journ.  Mic.  Sci.  vol.  viii,  (1868)  p.  222, 

pi.  vii.  figs.  4,  5.     On  stones,  80-140  fathoms. 

pygmcea,  n.  sp.  Cells  cylindrical,  semierect,  immersed  through  a  con- 
siderable part  of  their  height ;  peristome  raised,  simple,  unattached  all 
round,  more  elevated  at  the  sides  of  the  cylindrical  aperture;  surface 
nearly  smooth  and  imperforate.  Ovicells  galeate,  depressed  in  front, 
imperforate.  No  avicularia.  A  minute  species,  presenting  very  little 
character,  but  manifestly  distinct  from  its  allies.  Occurs  in  little  round 
patches,  which  are  seldom  more  than  a  tenth  of  an  inch  in  diameter ; 
the  largest  patch  seen  not  a  fifth  of  an  inch ;  on  stones  from  very  deep 
water,  in  80-170  fathoms,  where  it  is  not  uncommon. 

Cellepora  pumicosa,  linn. 

avicularia,  Hincks,  Cat.  Zooph.  Devon  and  Cornwall,  p.  48,  pL  xii.  fig.  6. 

In  "  nodulous  rolls  "  on  Tubularia,  Sertularice,  &c. 

Hassallii  (Johnst.).     Rocks,  and  roots  of  Laminari®. 

ramulosa,  linn.     40-170  fathoms. 

dichotoma,  Hincks,  Cat.  Zooph.  Devon  and  Cornwall,  p.  49,  pi.  xii. 

figs.  7,  8 ;  Alder,  Quart.  Journ.  Mic.  Sci.  vol.  iv.  (1864)  p.  96,  pL  ii. 
figs.  2-4.     living  attached  to  Sertularian  Hydrozoa,  in  40-70  fathoms. 

attenuata,  Alder,  Quart.  Journ.  Mic.  Sci.  vol.  iv.  p.  97  (1864),  pi.  ii. 

figs.  5-8.     Local,  80-110  fathoms,  20-25  miles  N.N.E.  of  Unst. 

unicornis  (Ellis  and  Sol.).     40-170  fathoms.    The  Shetland  forms  are 

much  less  massive  than  that  of  the  Devon  and  Cornish  coast.  Some- 
times they  are  a  great  deal  branched,  the  branches  interlacing  and 
crossing  each  other  in  all  directions,  and  more  or  less  flattened.  A  rarer 
form  has  but  few  branches,  and  thoso  very  long,  simple  (t.  e.  not  dicho- 
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tomously  dividing),  and  round.     Placed  side  by  side  with  Cornish  spe- 
cimens this  looks  very  different,  but  the  microscopic  characters  appear 
to  be  identical. 
micellaria  elegans,  Alder,  Quart.  Journ.  Mic.  Sci.  vol.  iv.  (1864)  p.  100, 
pi.  ii.  figs.  1-4.     A  beautiful  little  species,  80-110  fathoms,  eighteen  to 
twenty-five  miles  N.  and  N.N.W.  of  Burrafirth  Lighthouse. 
mradoma  gracile  (8ai8)=zPustu2ipor a  gracilis,  Sars,  Keise  Lof.  Finm.  1850, 
p.  26,  =zQuadricellaria  gracilis,  Sars,  Beskr.  Norske  Polyz.  p.  15 ;  Alder, 
Quart.  Journ.  Mic.  Sci.  vol.  iv.  (1864)  p.  101,  pL  ii.  figs.  9-12,  =  Oncho- 
pora  borealis,  Busk,  Quart.  Journ.  Mic,  Sci.  N.  S.  vol.  viii.  (1860)  p.  213, 
pi.  xxviii.  figs.  6,  7,  = Anarthropora  borealis,  Smitt,  OfVers.  af  K.  Vet.- 
Akad.  Forh.  1867,  Bihang,  p.  8,  pi.  xxiv.  figs.  25-29.     Bather  local,  but 
not  rare  on  the  Outer  Haaf.    It  is  necessary  that  the  generic  name  Qua- 
driceUaria,  which  is  preoccupied,  should  be  changed.     Smitt  has  insti- 
tuted a  genus  Anarthropora  to  receive  Ltpralia  monodon  and  the  present 
species !    Such  a  union,  in  my  opinion,  cannot  stand.    Leaving,  there- 
fore, L.  monodon  as  the  type  of  Smitt's  genus,  I  propose  the  name 
Tessaradoma,  the  characters  of  which  will  be  those  given  by  Alder,  I.  c. 
I  have  not  adopted  the  genus  Anarthropora  for  L.  monodon  in  this 
Keport,  because  an  entire  rearrangement  of  the  Membraniporidee  is  re- 
quired, and  until  that  entire  rearrangement  is  carried  out  (and  this  I 
hope  shortly  to  do),  I  have  thought  it  better  not  to  partially  dismember 
the  genus  Lepralia. 

zschara  struma,  Norman,  Quart.  Journ.  Mic.  Sci.  vol.  viii.  (1868)  p.  221, 
pi.  vii*  figs.  6-8.  In  100  fathoms,  about  twenty-five  miles  north  of  Unst, 
attaching  itself  to  stones  and  the  branches  of  C.  ceruicornis,  and  running 
out  into  free  expansions. 

ira  Landsborovii  ( Johns t.),  Alder,  Quart.  Journ.  Mic.  Sci.  vol.  iv.  (1864) 
p.  105,  pi.  iv.  figs.  1-3.  Very  rare ;  the  Lepralian  state  on  a  stone  from 
170  fathoms. 

lasvis  (Fleming),  Alder,  Quart.  Journ.  Mic.  Sci.  vol.  iv.  (1864)  p.  102, 
pi.  iii.  figs.  8-11.  Scarce,  in  about  100-170  fathoms,  20-25  miles  N. 
md  N.N.E.  of  Unst. 

Slcenei  (Ellis  and  Sol. )=Cellepora  Slcenei,  Busk,  Marine  Polyzoa,  p.  88, 
A.  cxxii.  40-70  fathoms,  5-10  miles  east  of  Balta ;  also  Out  Skerries 
laaf. 

lorea,  Alder,  Quart.  Journ.  Mic.  Sci.  vol.  iv.  (1864)  p.  104,  pi.  iii.  figs.  5-7. 
S0-100  fathoms,  20-25  miles  north  of  Burrafirth  Lighthouse.  Certainly 
Listinct  from  the  last,  with  which  it  is  united  by  Smitt. 
)ra  Beaniana,  King.  Occasionally  on  the  Unst  Haaf,  down  to  170 
a  thorns ;  abundant  on  the  Out  Skerries  Haaf,  but  not  so  large  as  on  the 
Northumberland  coast. 

Suborder  Cyclostomata. 

eburnea  (Linn.).     On  Hydrozoa  on  haddock-grounds. 

Var.  jproducta,  Smitt,  Ofvers.  af  K.  Vet.-Akad.  Forh.  1865,  p.  116, 
1.  xvi.  figs.  4-6.     On  stones,  100-170  fathoms. 
lenticulata  (Lamk.).     On  Zoophytes,  Haddock-ground. 
iculeata,  Hassall.     "  Tide-marks  to  Haddock-ground  "  (Peach,  1864) ; 

Shetland,  Barlee"  (Jide  Alder  in  litt.). 

ia  cornuta  (linn.).     On  rocks  between  tide-marks. 

»•«  borealis,  Busk,  Alder,  Quart.  Journ.  Mic.  Sci.  vol.  iv.  (1864)  p.  108, 

I.  iv.  figs.  1-6.     80-170  fathoms,  Outer  Haaf. 
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Hornera  violacea,  Sara,  Geol.  og  Zool.  Jagtt.  Beise  Trondhj.  St.  Somm.  1862 
(1863),  p.  30 ;  Smitt,  Ofvers.  af  K.  Yet.-Akad.  Forh.  1866,  p.  404, 
pi.  vi.  figs.  2-9. 

In  general  form  like  the  last,  but  the  back,  instead  of  being  striated, 
is  granulated ;  the  branches  at  their  extremities  with  a  rib-like  eleva- 
tion down  the  centre,  the  front  having  the  cells  more  crowded  and 
much  more  produced  than  in  borealis ;  ovicells  elongated,  in  the  axils  of 
the  branches,  generally  (in  my  specimens)  with  one  part  on  the  front, 
but  coming  round  the  branch,  the  greater  part  lies  on  the  back  of  the 
polyzoary,  with  a  very  slight  longitudinal  riblet,  otherwise  smooth,  and 
closely  punctate.  Colour  white  with  a  violet  tinge.  In  about  50  fa- 
thoms, about  seven  miles  E.8.E.  from  Balta,  rare.  Now  first  added  to 
our  fauna. 

Idmonea  Atlantica,  Forbes.     Outer  Haaf,  70-140  fathoms. 

■    serpens  (linn.)**  Tubulipora  serpens,  Johnst.     On  Sertularise,  &c.,  com- 
mon. 

Pustulipora  defiexa  (Couch).     "  Shetland,  Peach,  1864  "  (fide  Alder  in  litt.). 

orchadensis,  Busk,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  viii.  (1860)  p.  214, 

pi.  xxix.  figs.  1, 2.  "  Shetland,  Barlee"  (Busk).  The  collection  of  the  late 
Mr.  Barlee,  which  was  bequeathed  by  him  to  myself,  does  not  contain 
any  Polyzoon  which  I  can  identify  as  the  type  of  this  species  described 
by  Busk. 

Tubulipora  lobulata,  Hassall.     On  stones,  30-70  fathoms. 

fiabellaris,  Johnst.     "  Shetland,  Peach,  1864  "  (fide  Alder  in  litt.). 

Alecto  gramdnta,  M.-Edwards.  Dourie  Yoe  and  Haddock-grounds;  also 
Outer  Haaf  to  170  fathoms. 

major,  Johnst.     Common  to  170  fathoms. 

dilatans,  Johnst.    80-140  fathoms.    Compared  with  the  types  in  B.  M. 

compacta,  Norman,  lleport  Brit.  Assoc.  1866  (1867),  p.  204*      On 

stones,  Outer  Haaf,  Unst,  and  Out  Skerries,  in  80-170  fathoms.  It  is, 
I  believe,  the  Alecto  dilatans,  var.,  Johnston,  p.  282,  pi.  xlhc.  figs.  7,  8. 

diastoporides,  n.  sp.     Polyzoary  lobulate,  the  branches  diverging  from 

a  common  centre,  and  rapidly  widening  into  fan-formed  terminations, 
appressed  very  flatly  to  stones  or  shells,  closely  punctate,  but  a 
transparent  looking  line  (the  appearance  caused  by  absence  of  punc- 
tures) marking  the  course  of  each  side  of  each  concealed  tube  in  a 
similar  way  to  the  transparent  lines  in  2>.  obelia ;  cells  scattered  irre- 
gularly, many  being  present  on  the  expanded  terminations ;  mouth  but 
little  raised  above  the  crust,  opening  vertically. 

This  is  the  largest  Alecto  in  our  seas,  and  a  very  marked  species.  It 
is  found  on  shell  and  stone,  in  70-110  fathoms. 

Mr.  Peach  has  also  sent  me  the  species  from  "Wick,  including  a  spe- 
cimen nestling  in  a  sheltered  spot  of  the  inside  of  a  valve  of  Tapes  vir- 
ginea,  which  has  the  cell-tubes  erect  and  long ;  in  all  other  specimens 
which  I  have  seen  they  are  very  short. 

Diastopora  obelia  (Fleming),     Down  to  170  fathoms,  common. 

PatineUa  patina  (Lamk.).     Common  to  170  fathoms. 

Var.  prolifera,  Busk,  Crag  Polyzoa,  p.  114,  pi.  xix.  fig.  1,  and  pi.  xx. 
fig.  3.     Frequent  on  Cellepora  cervicomis  and  Eschar  a  Icevis, 

Discoporella  hisptda  (Fleming).     Common  to  170  fathoms. 

Defrancia  truncata  (Jameson).  Not  uncommon  on  the  Outer  Haaf,  in  70-170 
fathoms. 
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Suborder  Ctenostomata. 

Alcyonidium  gelatinosum  (Pallas).  40-50  fathoms,  5-8  miles  east  of  Balta, 
sandy  bottom,  with,  immense  quantities  of  Hydrozoa  and  Tunicata ;  also 
40  fathoms,  six  miles  north  of  Whalsey  Lighthouse. 

hirsutum  (Fleming).  On  Fuci,  tide-marks,  Balta  Sound,  and  Out  Sker- 
ries, abundant. 

?     A  third  species  was  found  by  me  in  1861  between  tide-marks,  West 

Yoe,  Out  Skerries.  Mr.  Alder,  who  examined  it  for  me,  gave  me  the 
MS.  name  for  it,  "  Alcyonidium  radiatum" 

Arachnidia  Jiippothooides,  Hincks,  Cat.  Zoophytes  Devon  and  Cornwall,  p.  57, 
pi.  xvi.  fig.  2.  Creeping  over  the  test  of  Ascidia  sordida;  dredged 
5-8  miles  off  Balta. 

Flustrella  hispida  (FahT.)=Flustra  hispida,  Johnst.  Brit.  Zooph.  p.  263, 
pi.  lxvi.  fig.  5,  =  Flustrella  hispida,  Gray,  Brit.  Radiated  Anim.  Brit.  Mus. 
p.  108;  Redfern,  Quart.  Journ.  Mic.  Sci.  N.  S.  vol.  vi.  1858,  p.  96, 
pi.  iv.,  =  Alcyonidium  hispidum,  Smitt,  Ofvers.  af  K.  Yet.-Akad.  Forh. 
1866,  p.  499,  pi.  xii.  figs.  22-27.  On  Fuci,  Chondrus,  and  other  sea- 
weeds; common. 

Vesicularia  spinosa  (linn.).     "  Shetland,  1858,  Barlee  V  (fide  Alder  in  litt.). 

Bushia  nitens,  Alder,  Cat.  Zooph.  Northumb.  and  Durham,  p.  66,  pi.  T. 
figs.  1.2;  Quart.  Journ.  Mic.  Sci.  N".  S,  vol.  v.  1857,  p.  24,  pi.  xiii. 
figs.  1,  2.  "  On  Halecium  labrosum,  procured  by  Mr.  Barlee  "  (Alder 
in  litt.). 

Yalheria  cuscuta  (Linn.).     Procured  in  1861. 

Bowerbankia  imhricata  (Adams).     Tido-marks,  common. 

Avenella  fusca,  Dalyell,  Rare  and  Rem.  Anim.  Scot.  vol.  ii.  p.  65 ;  vol.  i. 
pi.  xii.  ^g.  11 ;  Alder,  Cat.  Zooph.  Northumb.  and  Durham,  p.  69,  = 
Farrella  fusca,  Busk,  Quart.  Journ.  Mic.  Sci.  vol.  vi.  fig.  3,  =Farrella 
dilatata,  Hincks,  Quart.  Journ.  Mic.  Sci.  vol.  viii.  p.  279,  pi.  xxx.  fig.  7; 
Cat.  Zooph.  Devon  and  Cornwall,  p.  30.  Parasitic  on  the  tests  of 
Ascidians  from  deep  water. 

Suborder  Pedicelldtba. 

PediceVina  Belgica,  Van  Ben.  Recognized  by  Mr.  Alder  on  some  Shetland 
Hydrozoa  sent  to  him  in  1861. 

gracilis,  Sars.     On  Sertularia,  1863 ;  rare. 

echinata,  Sars.     "In  Dourie  Yoe,  15  fathoms,  1864 "  (fide  Peach). 

Suborder  Lophopea. 

I  have  pleasure  in  announcing  the  discovery  in  the  Shetland  seas  of  a 
species  of  this  interesting  tribe,  which  up  to  the  present  time  has  been 
supposed  to  embrace  only  freshwater  forms.  Rhabdopleura  was  dredged  by 
rae  in  the  Outer  Haaf,  and  being  unable  to  recognize  it,  I  sent  it  to  Pro- 
fessor Allman  for  his  opinion,  and  the  extract  from  a  letter  received  from 
him,  given  below,  will  show  the  result  of  his  examination. 

Hhabdopleura  Normani,  Allman;  nov.  gen.  et  sp.  "  Now  with  regard  to  the 
new  genus.  Expecting  nothing  but  hydroids  in  your  bottles,  and  being 
satisfied  on  a  rapid  glance  that  the  contents  of  one  bottle  were  some- 
thing very  different  from  any  known  hydroid,  I  at  once  set  the  specimen 
down  in  my  mind  as  that  of  a  new  genus  of  Campanularians.  I  now 
find  that  it  is  no  hydroid,  but  a  very  curious  and  new  genus  of  Polyzoa. 
So  interesting  a  form  is  it  that  I  thought  it  worth  while  spending  some 
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time  over  its  thorough  investigation  .  .  . ;  and  so  hy  the  help  of  acetic 
and  chromic  acids  and  liquor  potassae,  I  have  succeeded  in  very  fairly 
unravelling  the  structure  of  your  Polyzoon.  It  is  a  true  Hippocrepian 
form,  as  entirely  and  typically  so  as  Plumatella — a  fact  which  gave 
facility  to  my  examination,  as  I  had  already  made  the  Hippocrepian 
Polyzoa  a  special  subject  of  study.  One  of  its  most  remarkable  fea- 
tures is  a  rigid  rod  which  runs  through  the  coenoDcium,  and  to  which 
the  polypides  are  attached,  each  by  a  funiculus.  This  rod  was  the  only 
thing  at  first  visible  besides  the  polypides  and  their  tubes  of  insertion ; 
but  I  afterwards  found  that  the  whole  of  the  rod  and  its  attached 
polypides  were  contained  in  a  most  delicate  and  colourless  ccenoecium, 
into  which  the  free  tubes  of  insertion  were  continued.  The  remarkable 
internal  rod  will  well  suggest  a  generic  name,  and  I  have  accordingly 
thought  of  Rhabdopleura  as  sufficiently  significant  and  distinctive. " 
— Allman  in  litt.     Outer  Haaf  off  Unst,  in  93  fathoms. 

Class  ECHINODERMATA. 

The  Crinoidca,  Ophiuroidea,  and  Asteroidea  in  the  following  notes  are 
arranged  in  accordance  with  my  paper  "  On  the  Genera  and  Species  of  British 
Echinodermata  "  in  the  *  Annals  of  Nat.  Hist.'  for  February  1865.  With 
respect  to  the  Echinoidca  and  Holothuroidea,  I  give  references  where  the 
nomenclature  of  Forbes's  €  British  Starfishes '  is  not  sufficient  to  indicate  the 
species. 

Order  CKINOIDEA. 

Antedon  rosaceus  (Linck).  In  the  Voes  and  thence  down  to  40  fathoms, 
not  uncommon,  and  attaining  an  unusually  large  size.  Very  abundant 
on  LaminarisD,  in  Bressay  Sound,  off  Lerwick. 

Sarsii  (Diiben  &  Koren).     80-100  fathoms,  40  miles  east  of  Whalsey 

Lighthouse ;  very  local,  but  gregarious  where  found. 

Order  OPHIUROIDEA. 

Astrophyton  Linckii,  Mull.  &  Trosch=-4.  scutatum,  Forbes.  Off  the  west 
coast,  in  very  deep  water  (vide  Forbes,  British  Starfishes).  It  has  not 
been  procured  during  the  recent  dredgings  off  the  east  and  north  coasts, 
nor  do  the  fishermen  on  those  sides  of  the  island  appear  to  be  acquainted 
with  the  species. 

Ophiothrix  fragilis  (Miiller)=  Ophiocoma  rosula  and  minuta,  Forbes.  Having 
a  very  great  range  in  depth,  living  between  tide-marks  and  thence  down 
to  170  fathoms,  the  deepest  water  dredged. 

Amphiura  filifonnis  (Midler).  3  fathoms,  Balta  Sound ;  Out  Skerries  Had- 
dock-ground, and  in  St.  Magnus  Bay,  30-60  fathoms. 

Chiajii,  Forbes.     Off  Balta ;    on  the  Haddock-ground  near  the  Out 

Skerries,  and  in  St.  Magnus  Bay. 

elegans  (Leach)  =  Ophiocoma  neglecta,   Forbes.     Tide-marks,  to  40 

fathoms. 

Ballii  (Thompson) *=  Ophiocoma  BaUii  and  Goodsiriy  Forbes.     Common 

on  hard  ground  in  deep  water,  delighting  to  nestle  in  crevices  of  stones, 
shells,  and  corals. 

Ophiopeltis  securigera,  Dub.  &  Koren.  Added  to  the  British  fauna  in  1861, 
when  a  single  specimen  was  dredged  on  the  Haddock-ground,  about  5 
miles  north  of  Whalsey  Lighthouse,  in  40  fathoms. 

Ophiocoma  nigra  (Muller) =  Ophiocoma  granulata,  Forbes. 
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Ophiopholis  aculeata  (Miiller)  =  Ophiocoma  bellis,  Forbes.     Low  water  to  170 

fathoms. 
Ophiura  lacertosa  (Pennant )=  Ophiura  tewturata,  Forbes. 
Sarsii,  Liitken.     In  80-100  fathoms,  40  miles  east  of  Whalsey  Skerries, 

in  1861,  and  subsequently  procured  20-25  miles  north  of  Unst. 
albida,  Forbes.     Very  common.      A  slender  variety  in  St.  Magnus 

Bay. 
affinis,  Liitken, =  Ophiura  Normani,  Hodge.     Haddock-ground  to  the 

north  of  Whalsey  Skerries ;  5-10  miles  east  of  Balta,  and  very  abundant 

in  company  with  Ophiura  lacertosa,  albida,  squamosa,  Amphiura  Jilifor- 

mis,-  Chiajii,  &c,  on  soft  mud,  in  30-60  fathoms,  St  Magnus  Bay. 
squamosa,  Liitken.     Two  fine  specimens,  dredged  1867,  in  about  60 

fathoms,  St.  Magnus  Bay. 

Order  ASTEROIDEA. 

Astropecten  irregularis  (£en.nsLnt)=Asterias  aurantiaca,  Forbes. 

acicularis,  Norman.     Living  gregariously  on  the  Out  Skerries  Outer 

Haaf,  in  80-100  fathoms. 
Luidia  Saviynii  (  Audouin) = Luidia  fragilissima,  Forbes.    Fishing-boats  from 

Middle  Haaf,  Out  Skerries,  1861 ;  also  St.  Magnus  Bay,  1867. 
Sarsii,  Diiben  &  Koren.     This  smaller  five-armed  species  would  appear 

for  the  most  part  to  be  an  inhabitant  of  deeper  water  than  its  congener, 

and  is  much  more  common  in  the  Shetland  seas. 
Archaster  Parelii  (Dub.  &  Koren).     The  first  British  specimen  procured  in 

1864,  in  100  fathoms,  to  the  north  of  Unst ;  a  second  from  near  the 

same  ground  in  1867,  in  170  fathoms. 
Palmipes  placenta  (Pennant).     A  southern  species  which  attains  its  northern 

limit  in  Shetland,  where  it  seems  widely  diffused,  though  numerically 

scarce ;  15-100  fathoms. 
Solaster  papposus  (linn.). 

endeca  (Linn.). 

Porania  pulvittus  ( Miiller) =  Goniaster  Templetoni,  Forbes.     Scarce. 
Goniaster  phrygianus  (Parelius)  =  (r.   equestris,  Forbes.     Not  uncommon  in 

deep  water. 

Var.  aculeatum  =  Astrogonium  aculeatum,  Barrett,  Ann.  Nat.  Hist. 

2nd  ser.  vol.  xx.  p.  47,  pi.  iv.  fig.  4.     Two  specimens  of  this  well- 
marked  variety,  in  which  the  tubercles  of  the  upper  marginal  plates  are 

nearly  or  quite  obsolete,  were  found  in  75-100  fathoms,  off  Unst,  in 

1864. 
Cribrella  sanguinolenla  (Miiller).     Very  common,  and  besides  the  ordinary 

form  there  are  found  two  very  distinct  varieties. 

Var.  curta,  which  has  the  rays  much  shorter,  broader,  and  flatter 

than  in  the  type,  and  their  texture  much  less  firm.     It  is  of  a  pale 

yellow  colour,  and  rarely  exceeds  2  inches  in  diameter.    Found  between 

tide-marks  in  Balta  Sound. 

Var.  abyss icola.     Has  the  rays  produced,  very  slender,  well  rounded, 

and  very  firm.     The  paxill©,  especially  those  of  the  under  surface,  are 

most  distinct  and  more  separated  from  each  other  than  usual,  and  the 

individual  spines  have  their  apices  more  distinctly  and  deeply  trifid. 

Colour  a  rich  saffron-yellow ;  greatest  diameter  2£  inches.     "Dredged  in 

very  deep  water. 
Stichaster  roseus  (Miiller).     Deep  water,  rather  local. 

1868.  z 
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Asterias  glarialis,  Linn.  Often  brought  up  on  the  hooks  of  the  long  lines, 
from  the  Middle  Haaf,  Out  Skerries. 

Mulleri  (Sars).  Added  to  the  British  fauna  in  1861,  when  this  pretty- 
species  was  dredged  off  the  Whalsey  Skerries.     It  is  very  local. 

rubens,  Linn. 

violacea,  Miiller. 

hispida,  Pennant.  I  am  inclined  to  think  that  this  and  the  two  pre- 
ceding must  be  united.  A.  hispida  was  taken  under  stones  between  tide- 
marks  at  the  Oat  Skerries. 

Order  ECHINOIDEA. 

Echinus  esculentus,  IArm.  =  E.  sphara,  Forbes.  Between  tide-marks  and  in 
the  laminarian  and  coralline  zones. 

Var.  tenuispina.  AnEchinus  was  found  in  1863  which  must  be  regarded, 
I  think,  as  a  remarkable  deep-water  variety  of  esculentus.  In  form  it 
is  very  high  in  proportion  to  its  breadth,  and  the  diameter  is  not  at  all 
greater  below  than  above.  The  whole  outline  is  perfectly  free  from  any 
appearance  of  angularity  in  any  part,  and  the  spines  are  remarkably 
slender  and  delicate.  It  was  brought  up  from  a  hard  bottom  25-30 
miles  north  of  Unst,  in  110  fathoms,  and  has  a  totally  different 
appearance  from  the  shallow- water  forms  of  the'species. 

Flemincfii,  Ball.     Outer  Haaf,  frequent ;  but  the  specimens  smaller  and 

also  wider  in  proportion  to  the  height  than  those  from  the  south.  One 
of  the  largest  Shetland  specimens  measures  three  inches  high  and  four 
wide. 

miliaris,  Leske.    Common,  tide-marks  and  Yoes,  and  also  in  deep  water. 

norvegicus,  Duben  &  Koren,  Ofversigt   af   Skandinav.  Echinodermer, 

p.  268,  pi.  ix.  figs.  33-39.  Gregariously  abundant ;  in  immense  pro- 
fusion on  the  Outer  Skerries  Haaf,  40  miles  east  of  Whalsey  Lighthouse ; 
comparatively  scarce  on  the  Unst  Haaf;  St.  Magnus  Bay  frequent.  The 
bulk  of  specimens  procured  do  not  exceed  three-fifths  of  an  inch  in  dia- 
meter; one  specimen,  however,  measures  1-j^  inch.  The  spines  are 
generally  more  or  less  of  a  green  colour ;  but  a  beautiful  variety  also 
occurs  in  which  they  are  vermilion-red,  tipped  with  white. 

Toxopneustes  Drobachiensis  (Miiller)  =  Echinus  Drobachiensis,  Miiller,  Zool. 
Dan.  Prodrom.  p«  235,  =  Echinus  neglectus,  Forbes,  Brit.  Starfishes, 
p.  172.  Not  common,  dredged  at  the  northern  entrance  to  Bressay 
Sound. 

pictus,  n.  sp.     Ambulacral  pores  in  4  or  5  pairs ;    ambulacral  plates 

with  one  primary  and  many  very  small  tubercles.  Interambulacral 
plates  also  with  only  a  single  primary  and  numerous  very  small  tu- 
bercles. Spines  banded  red  and  white.  Diameter  of  a  large  specimen 
\\  inch.  In  deep  water,  Shetland  Haaf,  scarce,  and  dredged  in  40  fa- 
thoms, near  the  Ferae  Islands,  on  the  Northumberland  coast.  It  is 
also  among  the  Echinodermata  dredged  by  Messrs.  Carpenter  and 
Thomson  in  the  '  Lightning '  expedition  during  the  past  autumn  in 
lat.  60°  28'  N.  long.  6°  54'  W.  in  500  fathoms,  stones  and  mud,  and  a 
temperature  of  32°. 

Distinguished  at  a  glance  from  Drobachiensis  by  its  more  slender 
spines  and  their  coloration,  which  in  the  latter  species  is  green  or 
purple,  or  a  mixture  of  those  two  colours  and  white.  When  the  spines 
are  cleared  off,  the  shell  is  found  to  differ  in  having  only  one  primary 
tubercle  to  each  interambulacral  plate,  while  in  Drobachiensis  there  are 
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three  or  four  tubercles  much  larger  than  the  rest,  the  central  one  being 
only  slightly  larger  than  the  lateral. 

Brissopsis  lyrifera  (Forbes) =Brissus  lyrifer,  Forbes,  British  Starfishes, 
p.  187,  = Brissopsis  lyrifera,  Sara,  Oversigt  af  Norges  Echinodermer, 
p.  96.  On  the  Unst  and  Whalsey  Skerries  Haafk ;  also  in  St.  Magnus 
Bay. 

Echinocardium  cordatum  (Pennant) =Amphidotus  cordatus,  Forbes,  British 
Starfishes,  p.  190,  =  Echinocardium  cordatum,  Gray,  list  Brit.  Anim.  in 
Brit.  Mus.  Radiated  Animals,  p.  6.  Only  two  or  three  specimens  ob- 
served, probably  because  our  dredging  was  almost  wholly  confined  to 
deep  water. 

— —  pennatifidum,  Norman, =Amphidotus  gibbosus,  Barrett,  Ann.  Nat.  Hist. 
2nd  ser.  vol.  xix.  (1857),  p.  33,  pi.  vii.  fig.  2  (but  not  A.  gibbosus  of 
Agassiz). 

This  species  is  certainly  not  A.  gibbosus  of  Agassiz.  It  is  widely 
different  from  E.  cordatum,  but  closely  allied  to  A.  ovatum,  than  which 
it  is  much  larger  and  different  in  many  particulars.  The  name  I  pro- 
pose for  it  is  in  allusion  to  the  beautiful  pennatifid  pedicellarise  with 
which  it  is  furnished,  and  which  are  wholly  unlike  those  of  E.  ovatum. 
The  specimen  procured  by  Barrett  was  "  dredged  in  25  fathoms  on  the 
south  side  of  Bressay  Island,  Shetland,  on  a  eoarse  sandy  bottom."  I 
have  myself  seen  three  specimens  of  the  species  from  as  many  different 
localities,  one  dredged  by  myself  in  1867  in  St.  Magnus  Bay,  Shetland, 
another  procured  by  Mr.  D.  Bobertson  in  the  Clyde  district,  and  the  third 
obtained  by  Mr.  Hodge  off  the  Northumberland  coast. 

—  ovatum  (LeBke)=Am2)hidotus  roseus,  Forbes,  British  Starfishes,  p.  196. 
Very  common  in  deep  water,  40-140  fathoms. 

Spatangus  purpureus  (Muller).  Common  in  deep  water,  down  to  100  fa- 
thoms. 

—  meridionalis,  Kisso,  Hist.  Nat.  de  PEurope  Meridionale,  vol.  v.  (1826) 
p.  280  ;  Sars,  Middlehavets  Littoral  Fauna  (1857),  p.  118. 

Very  near  to  8.  purpureus,  but  the  shell  much  higher  and  more 
tumid  dorsally,  and  the  hinder  portion  more  produced  and  narrower  in 
comparison  with  the  anterior  extremity.  The  colour  is  much  deeper, 
being  of  a  very  deep  purple  hue  in  every  part ;  the  larger  spines  of  the 
interambulacral  areas  are  not  conspicuously  larger  and  longer  than  the 
rest ;  the  ambulacra!  fascioles  are  very  narrowly  lanceolate,  four  and  a 
half  to  six  times  as  long  as  broad,  and  thus  much  longer  in  proportion  to 
their  breadth  than  in  S.  purpureus,  in  which  they  are  from  twice  and  a  half 
to  thrice  and  a  half  or,  very  rarely,  four  times  as  long  as  broad  *.  The 
following  give  the  respective  dimensions  of  the  parts  in  two  specimens 
of  the  same  length : — 

Fasciole       Fasciole 
Long.  Wide.  High.  long.  wide. 


inches. 

inches. 

inches. 

inch. 

inch. 

S.  meridionalis . . 

..  3f  .. 

•  •  3^.. 

••  2^  •• 

•  •  i&  •• 

••  & 

S.  purpureus 

..  32    .. 

••  3^  .. 

..  iA  •• 

..!*.. 

••  A 

The  specimens  measured  were  selected  at  random  from  a  number,  merely 
as  being  of  exactly  the  same  length,  and  thus  calculated  to  give  a  fair 
idea  of  the  specific  differences. 

*  These  measurements  are  taken  from  one  of  the  anterior  fascioles  :and  give  the  extreme 
breadth  and  height  to  the  outside  edge  of  the  pores. 
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The  discovery  of  this  species  in  the  Shetland  sea  is  of  very  high 
interest.  It  is  one  of  several  instances  of  large  conspicuous  Mediterra- 
nean species  turning  up  in  the  great  depths  of  these  northern  waters,  and 
which  as  yet  are  unknown  at  intermediate  localities.  S.  meridionalis 
was  dredged  in  100-140  fathoms,  25-35  miles  N.N.W.  of  Burrafirth 
Lighthouse,  in  company  with  Cidaris  papillata,  Archaster  Parclii,  Nbr- 
mania  crassa,  Isodidya  laciniosa,  Raphioderma  coacervata,  &c. 

EchinocyamuB  angulosus,  Leske,  =  Echinocyamus  pusxllus,  Forhes,  British 
Starfishes,  p.  175.     Common. 

Echinarachnius  placenta,  Gmelin ;  Fleming,  British  Animals,  p.  479;  Forhes, 
British  Starfishes,  p.  178.  "  Isle  of  Foulah,  very  rare,  Professor  Jame- 
son "  (Fleming). 

Order  HOLOTHUROIDEA. 

Psolus  phaniapus  (Linn.).  Frequent.  The  young  of  this  species  has  been 
mistaken  by  British  naturalists  for  P.  squamatus  of  Scandinavian  authors, 
a  species  which,  though  several  times  recorded,  has  not  yet  been  found 
in  the  British  seas. 

P8olinus  brevis,  Forbes  «fc  Goodsir.  "  Discovered  by  Mr.  Goodsir  and  myself 
in  the  Shetland  seas,  adhering  to  the  stems  of  Laminarifle"  (E.  Forbes). 
I  believe  this  genus  and  species  to  be  founded  on  the  young  of  a  Cu- 
cumaria, 

Cucumaria  frondosa  (Gunner).  Occurs  in  marvellous  abundance  in  one  par- 
ticular part  of  Bressay  Sound.  "  Peter,"  who  was  Forbes's  dredger,  was 
indeed  true  to  his  word  when  he  stated  to  me  no  man  knew  as  he  did 
where  the  "  Puddings  "  were.  The  contents  of  the  dredge  on  the  very 
first  haul  was  a  sight  not  soon  to  be  forgotten.  It  was  literally  filled 
with  G.  frondosa.  There  rolled  out  upon  the  deck  thirty  or  more  of 
these  huge,  deep  purple,  smooth,  slimy  Holothurians,  measuring  from 
10  to  18  inches  long,  in  every  state  of  expansion  and  contraction,  evi- 
dently greatly  discomposed  at  their  novel  situation,  and  in  their  hurry 
to  withdraw  their  much-branched  tentacles  and  make  things  as  snug  as 
they  could,  squirting  out  streams  of  water  from  their  capacious  maws. 
fucicola  (Forbes  <fe  Goodsir).  The  type  specimens  were  found  not  un- 
commonly "  in  Bressay  Sound,  Shetland,  in  7  fathoms  water,  adhering 
to  the  stems  of  Laminariae,"  and  thus  in  the  same  locality  with  G  fron- 
dosa. Von  Diiben  and  Koren  (Ofversigt  af  Skandinav.  Echinod.  p.  294) 
referred  this  species  to  the  young  of  G.  frondosa,  and  their  synonymy 
has  been  copied  by  all  subsequent  writers  without  inquiry.  But  the 
young  of  G.  frondosa  is  like  the  adult,  in  that  "  corpus,  collum  et  pedum 
latera  teguntur  granulis  calcareis,  irregularibus,  difformibus,  nunquam 
perforatis"  which  is  not  the  case  with  G  fucicola.  Specimens  of  this 
species,  procured  by  myself  in  the  typical  locality,  have  the  skin  supplied 
with  calcareous  plates,  which  are  very  irregular  in  form  and  size,  but 
when  fully  developed  are  nearly  round,  rather  longer,  however,  than 
broad,  and  perforated  with  as  many  aa  30-40  holes.  The  sides  of  the 
feet  are  likewise  furnished  with  the  irregular-shaped,  elongated,  perfo- 
rated plates  common  in  this  position  in  the  different  species  of  the  genus ; 
but  these  feet-spicuUs  I  have  also  observed  sparingly  present  in  the 
young  of  C.  frondosa,  though  in  the  passage  above  quoted  Diiben  and 
Koren  deny  their  existence. 

fusiformis  (Forbes  k  Goodsir).     Forbes,  British  Starfishes,  p.  219,  « 

Cucumaria   elongata,  Von  Diiben  &  Koren,  Ofversigt   af   Skandinav, 
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Echinod.  p.  301,  pi.  xi.  &g.  56  6,  and  pi.  iy.  figs  14  A  &  14  B;  Sars, 
Middlehavots  Littoral  Fauna,  p.  132,  pi.  ii.  figs.  44-43 ;  Oversigt  af 
Norges  Echinoderraer,  p.  101 ;  Alder,  Trans.  Tyneside  Nat.  Field  Club, 
vol.  iv.  p.  43,  pi.  ii.  figs.  3,  4.  Common,  more  particularly  so  in  St. 
Magnus  Bay. 

Cucumaria  Hyndmanni  (Thompson).     Common  in  deep  water. 

lactea  (Forbes  &  Goodsir)  =  Ocnus  lacteus,  Forbes.  British  Starfishes, 

p.  231,= Cucumaria  lactea,  Von  Diiben  &  Koren,  Ofversigt  af  Skandi- 
nav.  Echinod.  p.  297,  pi.  xi.  fig.  55,  and  pi.  iv.  figs.  3-7.     Common. 

Thyonidium  commune  (Forbes  <fc  Goodsir)  =  Cucumaria  commune,  Forbes, 
British  Starfishes,  p.  217  (but  not  Thyonidium  commune.  Von  Diiben  & 
Koren,  Ofversigt  af  Skandinav.  Echinod.  p.  305,  pi.  xi.  fig.  51,  and  pi.  iv. 
figs.  18-23). 

A  single  specimen  in  St.  Magnus  Bay,  1867.  In  this  species  there 
are  spicules  present  in  the  skin,  and  those  of  the  tentacles  are  of  entirely 
different  structure  from  those  described  and  figured  by  Von  Diiben  and 
Koren  in  the  Scandinavian  species,  for  which  I  would  propose  the  name 
Thyonidium  Dubeni.  In  T,  commune  the  skin  is  covered  with  table- 
formed  spicules,  which  have  the  lid  round,  or  nearly  round,  with  an  un- 
usually even  rim,  and  the  perforations  numerous,  very  small  and  round; 
the  legs  are  four,  connected  at  the  foot,  and  each  there  divided.  The 
tentacles,  instead  of  being  covered  with  spicula  of  considerable  size,  as  in 
T.  Dubeni,  have  only  very  small  spicules  imbedded  in  their  substance,  of 
the  same  character  and  nearly  the  same  form  as  those  of  Thyone  fusus, 
but  of  still  smaller  size. 

hyalinum  (Forbes)  =  Cucumaria  hyalina,   Forbes,    British   Starfishes, 

p.  221,  =  Thyonidium  pellucidum,  Von  Diiben  &  Koren,  Ofversigt  af 
Skandinav.  Echinod.  p.  303,  pi.  xi.  ^g.  57,  and  pi.  iv.  figs.  15-17  (but 
not  Hohthuria  pellunda,  Vahl,  Zool.  Dan.  pi.  cxxxv.,  which  is  Chirodota 
ptllucida,  Sara,  Oversigt  af  Norges  Echinod.  p.  124,  pis.  xiv.-xvi.,  =  Chi- 
rodota  kevis,  Liitken,  Gronl.  Echinod.  p.  16).  Not  rare  on  the  Haaf ; 
also  in  St.  Magnus  Bay,  and  the  Whalsey  Haddock-ground. 

Thyone  fusus  (Muller)=  Hohthuria  fusus,  Miiller,  Zool.  Dan.  pi.  x.  figs.  5,  6, 
=  Hohthuria  papulosa,  Abildgaard,  Zool.  Dan.  pi.  cviii.  fig.  5,  =Thyone 
papillosa,  Forbes,  British  Starfishes,  p.  233,  =  lhy one  fusus,  Von  Diiben 
<fe  Koren,  Ofversigt  af  Skandinav.  Echinod.  p.  308,  pi.  xi.  fig.  52,  and 
pi.  v.  figs.  42-48. 

Far  from  common  ;  Whalsey  Skerries  Haddock-ground,  and  St.  Mag- 
nus Bay. 

rophanus,  Von  Diiben  A  Koren,  Ofversigt  af  Skandinav.  Echinod.  p.  311, 

pi.  xi.  figs.  58,  59,  and  pi.  v.  figs.  49-55 ;  Sars,  Oversigt  af  Norges 
Echinod.  p.  112. 

Common  in  deep  water. 

elegans,  n.  sp.  Length  1-2  inches.  Body  smooth  ;  skin  thin,  very  de- 
licate, totally  devoid  of  all  calcareous  imbedded  spicula ;  feet  numerous, 
but  not  crowded,  scattered  all  over  the  body,  their  sides  without  spicula, 
but  a  large  round  spiculum  at  the  extremity.  This  spiculum  has 
round  perforations  in  the  centre,  exterior  to  these  a  circle  of  large  ra- 
diating wedge-shaped  openings,  the  spaces  between  them  very  narrow ; 
and  exterior  to  these  again,  and  close  within  the  edge,  a  few  small  per- 
forations, the  length  of  which  is  in  the  opposite  direction  to  that  of  the 
radiating  openings,  each  of  them  forming  a  minute  segment  of  a  semi- 
circle.    Tentacuk  10  (8  long  and  2  very  short),  completely  clothed  in  a 
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scaly  investiture  of  irregular-shaped  cribriform  calcareous  plates.  Found 
in  St.  Magnus  Bay,  and  also  on  the  Balta  Haddock-ground. 

Synapta  digitata  (Montagu)  =  Chirodota  digitata,  Forbes,  British  Starfishes, 
p.  239. 

A  vinous-purple  Synapta,  which  was  taken  in  1861  in  40  fathoms, 
about  5  miles  north  of  the  Whalsey  Lighthouse,  and  also  on  the  Out 
Skerries  Outer  Haaf,  I  cannot  distinguish  by  any  other  character  except 
colour  from  S.  digitata,  to  which,  therefore,  I  assign  it  as  a  variety. 

inhatrcns  (Miiller) =Holoihuria  inhcerens,  Muller,  Zool.  Dan.  pi.  xxxi. 

figs.  1-7 ;  Von  Diiben  &  Koren,  Ofversigt  af  Skand.  Echinod.  p.  322, 
pi.  v.  figs,  56-62 ;  Woodward  &  Barrett,  Proc.  Zool.  Soc.  1868,  p.  363. 
St.  Magnus  Bay,  1867 ;  two  or  three  specimens. 

Class  ACTINOZOA. 

In  the  Zoantharia  the  arrangement  of  Gosse's  'History  of  British  Sea 
Anemones  and  Corals'  is  followed,  and  in  the  Alcyonaria  Johnston's  *  British 
Zoophytes.' 

Order  ZOANTHARIA. 

Actinoloba  dianthus  (Ellis).      In  extraordinary  profusion  in  the  caves  at 

Burrafirth  ;  also  under  rocks  between  tide-marks. 
Sagartia  troglodytes  (Johnston).     In  crevices  of  rocks  between  tide-marks  to 

the  south  of  Lerwick. 
viduata  (Muller).     "  Common,  low  water  to  15  fathoms,  Out  Skerries, 

Unst,  and  Dourie  Voe,  1864  "  (fide  Peach  in  litt.). 
Adamsia  paUiata  (Bohadsch).     Haddock-grounds,  common. 
Actinia  mesembryanthemum,  Ellis  &  Sol. 
intestinalis,  Fleming.     An  obscure  species.     Fleming  says  of  it,  "  It 

adheres  to  rocks  at  low-water  mark,  Zetland  "  (Johnston,  Brit.  Zooph. 

p.  219). 
vermieularis,  Forbes.     "  Dredged  in  50  fathoms  by  Mr.  M* Andrew  and 

myself  between  Sombro'  Head  (Zetland)  and  Fair  Island ;  also  in  80  fa- 
thoms, west  of  Zetland,"  Professor  E.  Forbes  (Johnston,  Brit  Zooph. 

p.  222,  pi.  xxxviii.  figs.  2-5). 
Bulocera  Tuedice  (Johnston).     A  very  fine  specimen  on  the  Haddock -ground 

to  the  north  of  the  Out  Skerries  in  40-50  fathoms,  and  another  off  Unst 

The  detached  tentacles  are  much  more  frequently  met  with. 
eques,  Gosse.     A  magnificent  specimen  dredged  in  1863  in  80  fathoms 

to  the  north  of  Unst,  and  again  obtained  by  Mr.  Peach  in  1864  near  the 

same  place,  in  100  fathoms. 
Tealia  digitata  (Muller).      Very  abundant   on   the   Outer  Skerries  Haaf, 

attached  to  shells  of  the  rarest  univalve  Mollusca,  Fusus  Islandicus 

(true),  F.  Berniciensis,  F.  Norvegicus,  Buccinopsis  Dalei,  as  well  as  to 

those  of  the  more  common  Fusi,  and  of  the  deep-water  form  of  Bucci- 

num  undatum. 

crassicornis,  Muller. 

Stomphia  Churchice,  Gosse.     In  110  fathoms,  sandy  ground,  on  the  Outer 

Haaf  off  Unst,  1864  (fide  Peach),  and  St.  Magnus  Bay,  1867. 
Araehnactis  aUbida,  Sars.     "Abundantly  in  the  towing- net,  1862"  (All man 

in  litt.). 
Corynactis  vhndis,  Allman.     Very  local,  on  the  spot  between  tide-marks,  Out 

Skerries,  and  in  about  10  fathoms.     Mr.  Peach  tells  me  he  found  it  in 

1864  on  a  stone  dredged  in  100  fathoms  off  Unst. 
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Zoanihus  incrustatus  (Diiben  <fc  Koren)  =  Dysidea  papilhsa,  Johnston,  Brit. 
Zooph.  p.  190  partly  and  woodcut  (not  pi.  xvi.  figs.  6,  7),  =  Epizo- 
anthus  papillosus,  Gray,  Proc.  Zool.  Soc.  1867,  p.  2^7,  =Zoanthus  Cou- 
chii, var.  diffusa,  Gosse,  Brit.  Sea  Anem.  p.  298,  pi.  ix.  fig.  10,  =Zo- 
anthus  Couchii  (partly),  Holds  worth,  Ann.  Nat.  Hist.  3rd  ser.  vol.  iv. 
1859,  p.  153,  =  Mammillifera  incrustata,  Diiben  &  Koren,  Ofvereigt 
afK.  Vet.  Akad.  Forh.  1844,  p.  115;  Sars,  Reise  i  Lofot.  og  Finm. 
p.  142;  and  Forh.  ved  Skand.  Naturf.  Mode  i  Kjobenh.  1860,  p.  691, 
=Zoanthiis  incrustatus,  Sars,  Bemaerk.  over  norske  Coelenterater  (Yi- 
denskabs  Forhandl.  Christ.  1860),  p.  2. 

This  species  is  well  described  by  Sars,  and  is  certainly,  I  think, 
distinct  from  Z.  Couchii.  Johnston  described  it  as  a  sponge,  including 
with  it  the  form  which  he  subsequently  redescribed  as  an  Actinozoon 
under  the  name  Zoanihus  Couchii,  Both  these  names,  therefore,  cannot  bo 
retained,  and  that  of  Diiben  and  Koren  must  be  adopted  for  the  present 
species.  It  is  found  in  immense  profusion  5-8  miles  east  of  Balta  in 
40-50  fathoms,  inhabited  by  Pag  urns  lewis ;  also  in  St.  Magnus  Bay. 

anguicoma,  n.  sp.     Coenoecium  coating  sponges,  on  which  it  creeps  in 

strip-like  bands,  from  which  at  various  intervals  (generally  very  short) 
arise  the  polyps  ;  column  3-5  times  as  high  as  broad,  slightly  expanded 
above,  external  surface  of  summit  with  about  18  radiating  corrugations. 
Tentacles  in  two  rows,  about  34,  very  long  and  extensile,  more  than 
equal  diameter  of  disk  when  fully  expanded,  gradually  attenuating  to 
very  slender  points.  Cuticle  with  sand  imbedded  in  the  surface,  but  not 
very  firm.     Colour  pinkish  white. 

Living  on  the  Sponges,  PhaJccllia  ventilabrum  and  robusta,  Normania 
crassa,  Oceanapia  Jeffreysii,  &c,  in  very  deep  water,  110-170  fathoms, 
20-25  miles  N.N.W.  of  Burrafirth  Lighthouse.       - 

Certainly  distinct  from  the  last,  which  has  the  tentacles  very  short 
and  rarely  extended  beyond  the  mouth  ;  indeed  I  question  if  they  ever 
are.  I  have  watched  the  species  alive,  but  have  never  seen  them  pro- 
truded to  any  extent ;  and  Sars  says  of  them,  *'  Pars  protractilis  poly- 
perum  tentaculis  munita  36-40  biseriahbus,  alternantibus,  elongato- 
conicis,  acuminatis,  lsevibus  (haud  verrucosis)  superioribus  longitudine 
diraidiam  partem  diametri  disci  oralis  sequantibus,  inferioribus  brevio- 
ribus."  In  Zoanihus  anguicoma,  on  the  contrary,  they  are  long,  slender, 
and  very  extensile,  and  a  colony  of  the  species  with  the  polyps  expanded 
is  a  very  pretty  sight. 
'isia  Barleei,  Gray,  Proc.  Zool.  Soc.  1858,  p.  532,  pi.  x.  fig.  6,  and  id. 
ibid.  1867,  p.  237. 

Taken  abundantly  in  company  with  Zoanihus  inotistatus,  of  which  I 
was  at  one  time  inclined  to  consider  it  a  variety  ;  but  more  careful  ex- 
amination and  dissection  has  convinced  me  that  there  are  certain  di- 
stinctions between  the  two  besides  the  fact  otSidisia  being  a  free-living, 
unattached  form.  Whether  those  distinctions  are  specific  or  sexual 
(which,  I  think,  may  be  the  case),  a  careful  examination  of  the  living 
animal  must  hereafter  determine. 
yophyllea  Smithii  (Stokes).  The  variety  borealis,  Fleming  (Brit.  Anim. 
p.  509  ;  Johnst.  Brit.  Zooph.  p.  195),  occurs  in  many  places  in  extraor- 
dinary abundance  on  the  Shetland  Haaf.  It  ordinarily  attaches  itself 
to  the  shells  of  Ditrupa,  but  sometimes  on  stones,  and  then  the  base  is 
generally  broader,  and  the  coral  approaches  more  closely  to  the  ordinary 
littoral  form.     Although  I  have  traced  this  species  over  some  hundred 
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square  miles  of  sea-bottom,  the  great  mass  of  the  specimens  procured 
are  dead;  but  on  one  occasion,  about  10  miles  east  of  Balta,  in  70 
fathoms,  the  dredge  came  up  containing  literally  thousands  of  living 
Caryophylleae. 

Paracyathw  thulensis,  Gosse.  The  type  specimen  was  "  dredged  by  Dr. 
Howden  off  Ord  Head,  in  Bressay  Sound,  Shetland,  in  30-40  fathoms, 
on  a  bottom  of  small  stones,  to  one  of  which  it  was  attached  "  (Gosse). 

Ulocyathus  arcticus,  Sars.  Forty  miles  east  of  Whalsey  Lighthouse,  in  80- 
100  fathoms,  sandy  ground,  1861 ;  and  one  specimen  70-100  fathoms, 
UnstHaaf,  1864. 

Lophohelia  proVfera  (Linn.).  Besides  the  specimen  in  the  Newcastle  Mu- 
seum (Johnst.  Brit.  Zooph.  p.  251)  a  second  fine  Shetland  example  is 
now  in  the  British  Museum,  which  was  procured  some  years  ago  by  Dr. 
Edmonston  from  the  Unst  fishermen,  and  by  him  given  to  Mr.  Jeffreys, 
who  presented  it  to  the  British  Museum. 

Order  ALCYONARIA. 

Vtnnatula  pTwsphorea,  linn.     In  great  profusion,  in  30-60  fathoms,  in  St. 

Magnus  Bay,  on  a  very  muddy  bottom ;  an  occasional  specimen  now 

and  then  taken  elsewhere. 
Virgularia  mirabihs  (Linn.).     On  Haddock- grounds,  frequent. 
Gorgonia  pinnata,  Linn.     A  specimen  in  British  Museum.     "Zetland,  E. 

Forbes,  Esq.     Presented  by  G.  Johnston,  M.D."  (Cat.  Brit,  Radiated 

Anim.  p.  56). 
Primnoa  lepadifera  (Linn.).      "Coasts  of  Shetland,  Jameson"  (Johnston, 

Brit.  Zooph.  p.  171). 
Alcyonium  digitatum,  Linn. 
glomeratum,  Hassall.     An  orange  Alcyonium  from  a  cave  at  Hillswick 

seems  to  be  referable  to  this.     "  Rocks,  Out  Skerries  and  Balta  Sound  " 

(Peach  in  litt.). 
Bhtzoxenia  catenata  (Forbes).     Dourie  Yoe,  and  1  mile  N.E.  of  Whalsey 

Lighthouse;  also  off  Balta.  This  is  the  Sarcodictyon  catenata  of  Johnston. 

Order  CTENOPHORA. 
Idyia  cucumis  (Fabr.).     Frequent,  towing-net. 

ClassHYDROZOA. 

All  existing  British  works  are  now  so  far  in  arrear  that  I  could  not  with 
any  degree  of  satisfaction  follow  the  arrangement  given  in  them.  At  my 
request,  therefore,  Mr.  Hincks  has  kindly  supplied  me  with  a  MS.  copy  of 
the  classification  which  he  will  propose  in  his  forthcoming  work  on  the  Hy- 
droida,  and  this  I  have  adopted  in  the  following  Report. 

Order  LUCERNARIADA. 

Aurelia  aurita  (Miiller). 

Cyanea  capillata  (Lamk.). 

Lucernaria  quadrkornis  (Miiller).    On  Fuci  at  low  water,  Bressay  Sound,  and 

Unst. 
auricula,  O.  Fabr.    "  Tide-marks,  on  weeds,  Out  Skerries,  found  by  Miss 

Jeffreys  "  (Peach  in  litt.). 
Carduella  cyaihiformis  (Sars).     Professor  Allman  tells  me  that  he  found  this 

species  in  1862. 
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Order  GYMNOCHROA. 

rydra  viridis,  Linn.     In  ponds  and  weedy  lakes. 

Order  THECAPHORA. 

ydraUmania  falcata  (Linn.). 
Inmtdaria  pinnata  (Linn.). 

—  Jielecioides,  Alder.    Found  by  Mr.  Barlee  in  1858  ( fide  Alder,  Ann.  Nat. 
Hist.  Feb.  1860,  in  note  under  Camp,  fastigiata). 

—  setacea  (Ellis).     Not  common. 

—  Catharina,  Jobnston.     In  great  abundance,  40-73  fathoms,  5-10  miles 
east  of  Balta  ;  also  Dourie  Voe,  &c. 

— frutescens  (Ellis  <fe  Sol.).     Frequent,  but  the  specimens  usually  small, 

Middle  and  Outer  Haafs,  40-80  fathoms. 
flaophenia  myriophyllum  (Linn.).     Not  uncommon,  and  often  very  fine. 
%iennularia   antennina  (Linn.).      Rare   in    Shetland,  while  the  next   is 

common. 

—  ramosa  (Lamx.). 

uiaria  thuia  (Linn.).     Frequent  in  about  40-50  fathoms. 

—  articulata  (Pallas).     Rare,  Middle  Haaf. 
'tularella  Qayi,  Lamx.     Common,  Middle  Haaf. 
— polyzonias  (Linn.).     Common. 

—  tenella  (Alder).     Parasitic  on  Tubularia  indivisa. 

—  rugosa  (Linn.).     Creeping  on  sponges,  tide-marks,  abundant  in  Halse 
Hellyer,  Burranrth. 

ohasia  rosacea  (Linn.).     Off  Balta  Sound,  and  in  the  Burranrth  caves. 

—  alata,  Hincks.     Dredged  one  mile  north  of  Whalsey  Lighthouse,  40  fa- 
thoms, and  also  to  the  north  of  Unst. 

—  pinaster  (Ellis  &  Sol.)  S  =&  Margareta,  Hassall  $  .  Common  in  40- 
80  fathoms. 

—  tamarisca  (linn.).     Frequent,  40-90  fathoms. 

—  falfax  (Johnston).     Rare,  1861. 

tularin  pumila,  Linn.     At  low  water,  common  on  Fuci. 

—  abietina,  linn. 

-filicula,  Ellis  &  Sol.  "Barlee,  1858"  (fide  Alder  in  litt.) ;  "  50-100  fa- 
thoms, rare,  Out  Skerries  and  Unst,  1864  "  (Peach  in  litt). 

—  gracilis,  Hassall.     Found  in  1861,  the  exact  habitat  forgotten. 

—  operculata,  Linn. 

—  argentea,  Ellis  &  Sol.     Lerwick  Sound,  and  off  Balta. 

—  cupressina,  Linn.  Balta  Sound  and  Burranrth  caves,  not  common,  and 
8  mall. 

ecium  halecinum  (Linn.). 

—  Beanii,  Johnston.     Frequent. 

—  lubrosum,  Alder.  A  fine  specimen  procured  by  Mr.  Barlee  in  1858,  and 
again  taken  by  myself  in  1861,  in  deep  water,  to  the  north  of  Unst. 

—  muricatum  (Ellis  &  Sol.).  A  fragment  procured  by  me  in  1861  off 
Unst,  and  submitted  to  Mr.  Alder,  was  thought  by  him  to  be  referable 
to  this  species,  although,  as  it  did  not  bear  any  gonophoree*  Borne  doubt 
attaches  to  the  identification. 

i da  abietina  (M.  Sars)  =  Grammaria  ramosa,  Alder.  The  genus  Salacia, 
Lamx.,  takes  precedence  of  Grammaria,  Stimpson. 

Frequent,  40  fathoms,  Middle  Haaf,  and  a  little  to  the  north  of 
Whalsey  lighthouse. 
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FileUum  serpens  (Hassall) =Reticularia  serpens.  The  generic  title  Retictdaria 
being  preoccupied,  Mr.  Hincks  substitutes  Filellum  for  it.  Creeping  on 
the  stems  of  Sertulariae,  &c,  in  the  Burrafirth  caves. 

Lafoea  dumosa  (Fleming). 

fruticosa,  Sars =Campanularia  gracillima,  Alder.     Rare,  Outer  Haaf, 

off  Whalsey  Skerries,  and  5-8  miles  off  Balta,  40-50  fathoms. 

Calycella  syringa  (Linn.).     "  Shetland,  1858,  Barlee  "  {fide  Alder  in  litt.). 

fastigiata,  Alder,  Ann.  Nat.  Hist.  3rd  ser.  vol.  v.  1860,  Feb.  pi.  v. 

fig.  1.  Described  from  specimens  procured  by  Mr.  Barlee  in  1858 ; 
again  found  by  myself  in  1863  and  1867,  creeping  on  the  stems  of  the 
larger  Hydrozoa. 

Cuspid ella  humilis,  Hincks,  Ann.  Nat.  Hist.  Oct.  1866,  p.  298.  Found  by 
Mr.  Hincks  and  myself  on  stems  of  Zoophytes. 

grandis,  Hincks.     "  A  new  species  which  has  occurred  in  some  dredg- 

ings  from  Connemara  of  G.  S.  Brady's,  and  in  Shetland,  teste  Mr.  Alder. 
I  do  not  know  the  history  of  the  specimens,  but  you  know  the  accuracy 
his  labellings"  (Hincks  in  litt.). 

Campanularia  fl&cuosa  (Hincks)  =zLaomedea  flexuosa.  Common,  between 
tide-marks,  on  Fuci. 

neglecta  (Alder).     Rare,  Unst. 

volubilis  (Linn.).     On  Lam  in  arise,  in  Bressay  Sound,  in  3-5  fathoms. 

Integra  (Macg.).     Parasitic   on   Tubularia  indivisa,  at  extreme  low 

water,  in  the  Burrafirth  caves. 

verticiUata  (linn.)     Rare,  found  in  1861. 

Hincksii,  Alder.  Identified  by  Mr.  Alder  among  the  Zoophytes  pro- 
cured by  Mr.  Barlee  in  1858. 

Clytia  Johnstoni  (Alder).     Bressay  Sound  and  Unst. 

Obelia  longissima  (Pallas).     5-10  miles  east  of  Balta,  in  40-73  fathoms. 

geniculate  (Linn.).     I  insert  this  species  with  doubt.     In  the  MS.  list 

of  species  procured  in  1861,  I  entered  "  Laomedea  geniculate,  var."  as 
common  on  Laminarise  in  Bressay  Sound.  I  have  not  specimens  pre- 
served, and  they  may  perhaps  have  belonged  to  one  of  the  forms  lately 
elevated  to  specific  rank. 

gelatinosa  (Pallas).     The  specimen  from  which  Johnston's  plate  xxvii. 

was  drawn  was  procured  by  Dr.  Coldstream  in  Shetland  (vide  p.  105). 

plicate,  Hincks.     "  One  of  the  new  species  I  met  with  in  the  large 

bottle  of  Shetland  Hydrozoa  sent  me  by  Mr.  Jeffreys.  The  precise 
place  was  not  marked  on  it.  This  Obelia  is  a  very  splendid  one " 
(Hincks  in  litt.). 

Oonothyrata  Loveni,  AUman.     Once  found,  1861. 

hyalina,  Hincks,  Ann.  Nat.  Hist.  Oct.  1866,  p.  297.  "  Profusely  in- 
vesting Tvbularia,  Halecium,  &c,  from  Shetland.  I  am  indebted  to  J. 
Gwyn  Jeffreys,  Esq.,  for  my  specimens  "  (Hincks,  I.  c). 

Order  ATHECATA. 

Clava  multicornis  (Forsk°l).  Abundant  between  tide-marks,  Lerwick,  on 
Fuci ;  also  at  Balta  Sound. 

squamate  (Muller).     With  the  last  at  Balta  Sound,  1867.     Determined 

for  me  by  Professor  Allman. 

cornea,  S.  Wright.  With  C.  multicornis,  at  Lerwick,  in  1861.  Ex- 
amined and  named  by  Mr.  Alder.  I  have  not  the  specimens  at  hand  to 
reexamine ;  and  as  the  members  of  this  genus  have  been  much  mis- 
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understood,  it  is  probable  that  the  specimens  here  called  cornea  are 

referable  to  squamata. 
wa  diffusa,  Allman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xi.  1863,  p.  8 ;  Brit. 

Assoc.  Eep.  1862  (1863),  p.  101.     "  Rock-pools,  at  low  spring  tides, 

Out  Skerries  "  (Allman). 
bichva  comucopice,  Norman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  p.  82,  pi.  ix. 

figs.  4,  5,  =zMerona  cornucopia,  id.  ibid.  3rd  ser.  vol.  xv.  p.  262.     On 

Astarte  sulcata  and  Dentalium  entale,  20  miles  north  of  Unst,  in  80-100 

fathoms,  1863 ;  St.  Magnus  Bay,  and  6-8  miles  east  of  Balta,  in  40-50 

fathoms  on  Dentalium,  1867. 
dractinia  echinata  (Fleming). 
locoryne  areolata  (Alder)  =Hy dractinia  areolata,  Alder,  Trans.  Tyn.  Nat. 

Field  Club,  vol.  v.  p.  225.  pi.  ix.  figs.  1-4,  =Khizocline  areolata,  Allman, 

Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  (May,  1864).     A  specimen  investing 

the  shell  of  Natica  Orcenlandica  found  in  1863,  10  miles  east  of  Balta, 

in  73  fathoms. 
•ynepusilla,  Gaertner =&ama  tubulosa,  Forbes,  Naked-eyed  Medusae  (the 

gonosome),  fide  L.  Agassiz. 

Tide-marks,  Balta  Sound,  1867 ;  the  ordinary  form,  and  also  a  slender 

variety  of  the  species. 

-  nutans,  Allman,  n.  sp.  Trophosome — Hydrocaulus  attaining  a  height 
of  about  4  lines,  much  branched;  branches  subalternately  disposed, 
deeply  and  distinctly  annulated,  the  annulations  of  hydrocaulus  becoming 
less  distinctly  marked  towards  the  base.  Polypites  depressed  on  one 
side  of  the  stalk,  so  as  to  assume  a  nutant  posture,  ovate,  with  about 
15  tentacula.     Gonosome  unknown. 

"  Our  ignorance  of  the  gonosome  renders  the  allocation  of  the  present 
hydroid  in  the  genus  Coryne  a  merely  provisional  one  ....  Its  tro- 
phosome resembles  that  of  Coryne  pusilla,  but  is  smaller,  while  the  hy- 
dranths  droop  upon  their  stalks  in  a  characteristic  way  not  noticeable 
in  C. pusilla"  (Allman  in  litt.).  Found  in  1863  in  the  caves  atBurra- 
firth,  especially  in  Halse  Hellyer,  where  it  lives  abundantly,  with  the  base 
of  the  hydrocaulus  immersed  in  sponges  which  coat  the  sides  of  the  cave 
from  extreme  low- water  mark  to  about  half-tide. 

-  vermicularis,  Hincks,  Ann.  Nat.  Hist.  Oct.  1866,  p.  296.  "  Shetland, 
from  deep  water  "  (Hincks). 

-  ramosa,  Ehrenberg.  Procured  in  1863 ;  the  specimen  identified  by  Mr. 
Alder. 

coryne  eximia  (Allman).     "  Shetland,  1864,  Peach  "{fide  Alder  in  litt.). 
endrium  rameum  (Pallas).  *  • 

-  ramosum  (linn.). 

-  annulatum,  Norman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  p.  83,  pi.  ix.  figs. 
1—3.  The  type  specimens  procured  in  1863  in  "  Buness  Hall,"  one  of 
the  caves  of  Burrafirth,  at  extreme  low  water,  spring  tides. 

-  vaginatum,  Allman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xi.  (1863)  p.  10; 
Brit.  Assoc.  Eep.  1862  (1863),  p.  102.  "Bock-pools,  extreme  low 
water,  spring  tides,  Shetland  "  (AUman);  also  40-50  fathoms  off  Balta, 
1867  (A.  M.  N.),  the  specimen  determined  by  Prof.  Tillman. 

oinia  arcta,   Dalyell,  or  Sertularia  abietina,   Ualecium  halecinum,   &c. 

In  a  paper  read  this  year  (1868)  at  the  Brit.  Assoc.  Meeting,  Prof. 

Allman  showed  that  Coppinia  is  a  Tubularian  and  not  a  Campanularian. 
gonimus  minutus,  Allman,  Ann.  Nat.  Hist.  3rd  ser.  vol.xi.  (1863)  p.  11 ; 

Brit.  Assoc.  Rep.  1862  (1863),  p.  102.     "  Forming  a  fringe  round  the 
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edge  of  the  operculum  of  TurriteUa  communis,  dredged  in  Basta  Voe, 
Shetland.  Out  of  between  twenty  and  thirty  specimens  of  living  Tur- 
ritdla  examined,  not  one  was  free  from  this  remarkable  little  Zoophyte  " 
(AUman).  Mr.  Hincks  tells  me  that  he  has  identified  this  species  with 
Perigonimus  repens,  AUman,  but  that  Prof.  AUman  dissents.  This  being 
so,  I  think  it  better  to  retain  here  the  name  of  minutus  given  to  the 
Shetland  specimen. 

Ourveia  nutans,  S.  Wright =  Eudenlrium  (Corythamnium)  bacciferum,  AU- 
man. "  Very  fine,  amongst  a  number  of  Zoophytes  from  Shetland,  sent 
me  by  Mr.  Busk.  In  the  bottle  containing  it  was  also  the  Coryne  ver- 
micxdaris,  Hincks,  and  Zoanthus  incrustatus,  which  I  am  glad  to  see  you 
recognize  as  a  distinct  species.  I  have  taken  the  same  view  in  my  Devon 
Catalogue,  in  a  note  on  Cellepora  edcuc,  I  do  not  know  the  precise 
locaHty  in  which  these  things  were  found  "  (Hincks  in  Htt.). 

Dieoryne  conferta,  Alder.  Abundant  on  sheUs,  especially  of  Aporrhais  pes- 
pelecani,  dredged  in  40-50  fathoms  5-7  mUes  off  Balta,  and  in  St.  Mag- 
nus Bay. 

Tubularia  indivisa,  Linn.  In  great  abundance  "at  low  water,  spring  tides,  in 
the  Burrafirth  caves,  also  dredged  in  50-60  fathoms. 

bellis,  AUman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xi.  1863,  p.  12 ;  Brit. 

Assoc.  Rep.  1862  (1863),  p.  103.  "  Bottom  of  rock-pools  at  extreme 
low  water,  spring  tides,  Shetland"  (AUman). 

attenuata,  Allman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiv.  p.  60.     "  Dredged 

from  about  50  fathoms  in  the  Shetland  seas  "  (AUman).  In  1867  I  pro- 
cured a  Tubularia  in  some  quantity  5-8  miles  to  the  east  of  Balta,  which, 
not  being  able  to  recognize,  I  sent  to  Prof.  AUman  to  examine.  He  refers 
it  to  the  present  species,  and  writes :  "  It  has  certain  distinctive  features 
it  is  true,  but  nothing  which  I  regard  as  sufficient  to  separate  it  from 
T.  attenuata.  The  specimens  on  which  I  founded  this  species  were 
male,  while  your  specimens  are  female ;  and  I  believe  that  tho  difference 
in  the  gonosome  between  the  two  forms  may  be  sufficiently  explained 
by  referring  them  to  a  difference  of  sex." 

eoronata,  Van  Ben.,= T.  gracilis,  Harvey.  Haddock-ground,  Out  Sker- 
ries and  Unst. 

larynx,  Ellis  &  Sol.     Caves  at  Burrafirth,  spring  tides,  and  5-7  miles 

east  of  Balta,  in  40-50  fathoms,  on  Tubularia  indivisa. 

Corymorpha  nutans,  Forbes  <fc  Goodsir.     5-7  fathoms  in  Balta  Sound. 

Order  CALYCOPHORIDA. 

Diphyes  (?  appendieulata,  Eschscholtz) .  A  beautiful  Diphyes,  the  nectosacs  of 
which  were  of  a  delicate  rose-colour,  occurred  in  profusion  in  the  open 
sea,  about  30  miles  N.N.W.  of  Unst,  in  July  1867.  Unfortunately,  as 
I  had  no  works  with  me  at  the  time,  I  am  unable  to  identify  the 
species.  The  rapidity  in  its  growth  was  most  extraordinary ;  the  cce- 
nosarc  of  a  specimen  kept  alive  was  developed  nearly  3  inches  in  a 
single  night. 

Order  PHYSOPHOBIDA. 

Physophora  (Vborealis,  Sars,  Bemaerkninger  over  norske  Coelenterater  [Vi- 
denskabs  Forh.  i  Christiania,  1860],  p.  8).  Found  on  the  same  occasion 
with  the  preceding ;  I  much  regret  being  unable  to  determine  the  species 
of  the  first  member  of  this  very  interesting  order  that  has  been  observed 
in  our  seas.     On  the  only  occasion  on  which  I  saw  the  PhysopJiora,  the 
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eight,  looking  over  the  yacht's  Bide,  was  a  thing  never  to  he  forgotten. 
The  sea  was  swarming  with  myriads  of  the  Physophora,  Diphyes,  Cydippe, 
and  allies,  Cyanea,  Aurelia,  &c,  and  long  chains  of  JSalpa  runci- 
nata.  Among  the  animals  observed  that  evening  was  a  Medusa  (using 
that  word  in  a  class  sense)  which  was  quite  unlike  any  genus  that  I  am 
acquainted  with, — a  little  flat  plate,  about  the  size  of  a  threepenny  piece, 
with  very  numerous  long  tentacles  round  its  edge,  the  whole  animal 
perfectly  transparent  and  colourless. 

NAKED-EYED  MEDUSA. 

Although  the  following  species  ought  to  be  incorporated  with  and  inserted 
in  their  proper  places  among  the  preceding  Hydrozoa,  yet  our  knowledge 
being  at  present  confined  to  the  gonosome,  it  is  not  possible  to  allocate  them 
with  any  degree  of  precision.  I  have  thought  it  better  therefore  to  keep 
them  together  here,  leaving  future  discoverers,  who  shall  become  acquainted 
with  the  trophosomes,  to  assign  them  their  respective  places.  My  own 
time  in  Shetland  was  too  much  taken  up  with  other  animals  to  allow  me  to 
study  these  Medusoids.  The  following  list  contains  the  species  observed  in 
Shetland  by  Forbes,  as  recorded  in  his  '  British  Naked-eyed  Medusa;  ;*  but  I 
have  arranged  them  more  in  accordance  with  our  present  state  of  knowledge, 
throwing  them  into  the  families  and  genera  to  which  they  are  referred  by 
Prof.  L.  Agassiz  in  his  '  Contributions  to  the  Natural  History  of  the  United 
States,'  vol.  iv.  1862,  and  by  his  son,  Alexander  Agassiz,  in  his  '  Illustrated 
Catalogue  of  North  American  AcalephaB,'  1805. 

Order  THECAPHORA,  Hincks. 

Fam.  OceanidjE,  Esch. 

Genus  Platypyxis. 

Thaumantias  aronautica,  Forbes.  "  Off  Bressay,  and  in  Hamna  Voe  in 
Papa"  (Forbes). 

macula ta,  Forbes.     "  Sound  of  Bressay,  but  not  plentiful "  (Forbes). 

Not  hitherto  observed  elsewhere. 

glokosa,  Forbes.     "  Very  abundant  in  the  harbours  on  both  sides  of  the 

Shetland  Isles  "  (Forbes).     Not  as  yet  noticed  elsewhere. 

melanops,  Forbes.     «*  Has  hitherto  occurred  only  in  the  Zetland  seas, 

and  is  not  very  common  there  "  (Forbes). 

L.  Agassiz  considers  the  above  four  species  to  be  referable  to  Pla- 
ty pyxis,  L.  Agass.,  or  the  closely  allied  genera  Clytia,  J^amx.,  or 
Wrightia,  L.  Agass. ;  but  the  younger  Agassiz  subsequently  writes  (Cat. 
North  Amer.  Acalephae,  p.  103),  "  may  not  the  T.  gibbosa  of  Forbes  be  a 
young  Halopsis?  They  resemblo  the  young  of  this  species  (Halopsis 
cruciata,  A.  Agass.)  ;  also  T.  globosa,  and  perhaps  T.  pxloseUa" 

Genus  Oceania,  Per.  &  Les.  (restricted). 

Thaumantias  hemisphasrica,  Forbes.  "  Zetland,  where  they  abound  in  the  bays 
and  harbours  "  (E.  F.).  This  species  is  considered  by  L.  A.  to  be  synony- 
mous with  Oceania  phosphorica,  Peron  &  Les.  and  the  T.  inconspicua,  T. 
lineata,  T.  punctata,  T.  pihata,  and  T.  Samica  are  said  to  be  probably 
different  stages  of  growth  only  of  T.  hemisphcerica. 

lineata,  Forbes.     "  Taken  in  the  Zetland  seas  in  1846,  but  not  found 

common  "  (E.  F.). 

convexa,  Forbes.     "  A  very  common  species  in  the  Zetland  seas  "  (E.  F.). 

"  May  he  a  distinct  species  "  (L.  A.). 
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Earn.  Eucopid.k,  Gegenb.  (restricted). 

Genus  Eucope,  L.  Agass. 

Eucope  lucifera  (Forbes)  ,=  Thaumantias  lucifera,  Forbes.  "  Zetland  "  (E.  F.). 
i(  Laomedea  geniculata,  Gosse,  Devon,  pi.  iv.,  and  Campanubiria  gelatin  osa, 
Van  Ben.  pi.  i.  &  ii.,  may  be  the  young  of  this  species  "  (L.  Agass.). 

Fam.  Laodiceidje,  L.  Agass. 

Genus  Laodicea,  Lesson. 

Laodicea  stauroglypha  (Per.  <fc  Les.)  =  Thaumantias  (Cosmetird)  pUosella, 
Forbes.  "  Very  abundant  in  the  bays  and  harbours  of  Zetland,  espe- 
cially in  the  Sound  of  Bressay,  where  it  is  the  most  common  species  of 
the  genus  "  (E.  F.). 

Fam.  Teachyhemidjb,  Gegenb. 

Genus  Tbachiwema,  Gegenb.  (vide  A.  Agass.  Cat.  p.  54). 

Trachynema  rosea  (Forbes)  =  Circe  rosea,  Forbes;  the  generic  name  Circe  pre- 
occupied for  a  genus  of  Acephalous  Mollusca.  "  The  first  specimen  was 
taken  by  Mr.  M'Andrew  and  myself  in  the  Zetland  seas,  in  August 
1845,  off  Vella,  7  miles  from  land.  We  afterwards  met  with  several  in 
Bressay  Sound,  on  the  opposite  coast  of  the  mainland  "  (E.  F.). 

Order  ATHECATA,  Hincks. 

Fam.  Nuclbifeb.»,  Lesson. 

Genus  Stomatoca,  L.  Agass. 

Stomatoca  dinema  (Forbes)= Saphenia  dinema,  Forbes  (but  not  Esch.),= 
Saphenia  Titania,  Gosse,  Devon,  pi.  xxvi.  figs.  7-9.  "  Near  Hillswick, 
on  the  western  coast  of  Zetland,  in  1845  "  (E.  F.). 

Genus  Pandka,  Less,  (restricted,  L.  A.  p.  347). 

Pandea  globuhsa  (Forbes)=  Oceania  globulosa,  Forbes.  "I  procured  two 
specimens  of  this  singular  Oceania  in  the  Sound  of  Bressay,  in  1835  " 
(E.  F.). 

Genus  Tiara,  Lesson. 

Tiara  octona  (Fleming)  =  Oceania  octona,  Forbes.  "In  the  seas  near  the 
east  coast  of  Zetland  "  (E.  F.).  "  Oceania  saltatoria,  Sars,  0.  turrita, 
and  0.  episcopalis,  Forbes,  Nai.  Med.  pi.  ii.  figs.  2  &  3,  are  probably 
different  stages  of  growth  of  this  species  "  (L.  Agassiz,  p.  347). 

turrita  (Forbes)  =  Oceania  turrita,  Forbes.      "  Taken  in  the  Zetland 

seas  in  1845"  (E.  F.). 

episcopalis  (Forbes)  =  Oceania  episcopalis,   Forbes.      "  This  beautiful 

Medusa  was  taken  in  the  neighbourhood  of  the  western  line  of  bank, 
40  miles  from  the  mainland  of  Zetland,  in  the  autumn  of  1845  "  (E.  F.). 

lurris  digitalis,  Forbes.  Procured  by  E.  Forbes  "in  the  autumn  of  1845, 
in  the  Sound  of  Bressay."  It  is  not,  according  to  A.  Agassiz  (Cat.  North 
Amer.  Acal.  p.  59),  the  Medusa  digitalis  of  0.  Fab.  to  which  Forbes 
refers  it. .  Fabricius's  species  is  the  Traekynema  digitate  of  A.  Agassiz. 
The  trophosome  of  this  genus  is  Clavula  of  S.  Wright. 

Fam.  Bottoainvilliadje,  Liitken. 

Lt2zxa  octopunctata  (Sars).  "  Swarms  in  the  bays  of  the  eastern  and  western 
coasts  of  Zetland.    I  have  not  met  with  it  elsewhere  "  (E.  F.). 
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zia  bUmdina,  Forbes.  "  First  met  with  in  the  Sound  of  Bressay,  and  after- 
wards off  Fitful  Head  "  (E.  F.). 

Genus  Margelis,  Steenstrup. 

yelis  ramosa  (DeAjeU)=Tubularia  ramosa,  Dalyell,  and  Medusa  ocilia, 
Dalyell,  pi.  xi.,  =  Bougainvillia  Brittanica,  Forbes.    "  Zetland  "  (E.  F.). 

-  nigritella  (Forbes) = Bougainvillia  nigritella,  Forbes.  "Discovered  by 
Mr.  M 'Andrew  and  myself  in  the  Sound  of  Bressay,  Zetland,  during  the 
autumn  of  1845"  (E.  F.).  (  Vide  also  for  remarks  on  this  genus,  A.  Agass. 
Cat.  p.  157,  and  Allman,  Ann.  Nat.  Hist.  3rd  ser.  vol.  xiii.  May  1864). 

Fam.  TubuiabiadjE,  Johnston  .(restricted) . 
na  gemmifera,  Forbes.     "  Several  specimens  in  the  Zetland  seas,  by  Mr. 

M'Andrew  and  myself  in  1845  "  (E.  F.).     "  Sarsia  gemmifera,  Forbes, 

Nak.  Med.  pi.  vii.  fig.  2,  and  Sarsia  prolifera,  Forbes,  Nak.  Med.  pi.  vii. 

fig.  3,  may  belong  to  this  genus  (i.  e.  Hybocodon,  L.  Agass.),  or  form 

another  distinct  group  "  (L.  A.).  - 
Tiysa  aurata,  Forbes.     "  A  very  beautiful  little  Medusa,  taken  in  1835 

in  Bressay  Sound  "  (E.  F.). 

xstrupia  rubra,  Forbes.     "  Hundreds  of  specimens  secured  in  the  bays 

of  both  sides  of  Zetland  "  (E.  F.). 

Genus  Ectoplettra,  L.  Agass.  * 

pleura  pulcheUa,  Forbes s=  Sarsia  pulchella,  Forbes.  "  Several  specimens 
in  Bressay  Sound,  Zetland,  in  1845  "  (E.  F.). 

As  already  stated  under  Coryne  pusilla,  Forbes's  Sarsia  tvbulosa, 
procured  in  Shetland,  is  the  gonosome  of  that  species  according  to  L. 
Agassiz ;  Hincks  writes  to  me  on  it,  "  Sarsia  tubulosa,  zooid  of  Syn- 
coryne,  perhaps  S.  gravata."  (Vide  also  Allman,  Ann.  Nat.  Hist. 
3rd  ser.  vol.  xiii.  1864,  May.) 

Class  PO RIFE R A. 

\  Bowerbank's  '  Monograph  of  the  British  Spongiadse '  is  used  as  the 
book  for  this  Class ;  and  the  whole  of  my  collections  having  been  con- 
illy  placed  at  that  author's  service  during  the  preparation  of  his  work, 
pecies  in  the  following  list  have  in  every  case,  where  there  was  the  re- 
st doubt,  been  sent  for  examination  and  determined  by  him,  a  large 
>er  of  them  being  types  of  his  species.  In  the  year  1864,  when  I  was 
•nted  accompanying  the  Dredging  Committee,  Mr.  Peach,  who  was  of  the 
-,  paid  special  attention  to  the  preservation  of  the  sponges,  and  was  in- 
lental  in  adding  a  considerable  number  of  species  to  our  fauna. 

Order  CALCAREA. 

tia  compressa  (Fabr.).  Common  between  tide-marks.  The  finest  spe- 
cimens I  have  ever  seen  taken  in  one  limited  spot  at  the  Out  Skerries. 
A  small  and  very  curious  variety  between  tide-marks  in  Halse  Hellyer, 
Burrafirth. 

ciliata  (Fabr.).  On  Fuel  frequent,  tide-marks.  It  is  much  to  be  re- 
gretted that  Bowerbank  in  his  work  has  transgressed  the  law  of  the 
British  Association  rules  of  nomenclature,  strictly  observed  by  all  natu- 
ralists (except  certain  French  writers),  of  affixing  that  author's  name  who 
irst  described  the  species.  Thus  he  assigns  this  and  the  foregoing  species 
to  Fleming,  whereas  they  were  both  characteristically  described  by  0.  Fa- 
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bricius  in  his  *  Fauna  Gronlandica '  forty-eight  years  before,  and  simi- 
larly the  next  species  appears  as  Leucosolenia  botryoides,  Bowerbank, 
though  Ellis  and  Sulander  were  the  describers  of  the  species  under  the 
name  Spongia  botryoides.  A  curious  aggregated  form  occurs  in  company 
with  the  var.  0.  compressa  in  Halse  Heilyer. 

Leucosolenia  botryoides  (Ellis  &  Sol.).  Common  under  stones  and  attached 
to  seaweeds.  Specimens  of  gigantic  growth  found  in  the  same  spot  with 
the  very  large  Orantia  compressa,  living  attached  to  the  underside  of 
stones. 

lacunosa  (Johnston).     "  Shetland,  1864  "  (Peach,  fide  Bowerbank). 

coriacea  (Montagu).     Common  under  stones,  and  on  the  sides  of  caves 

in  various  parts  of  Shetland.  Abundant  in  Halse  Heilyer,  Burrafirth, 
where  lemon-yellow  and  white  varieties  live  side  by  side. 

Leuconia  nivea  (Grant).  "  Shetland,  1864  "  (Bowerbank  in  litt.).  The  speci- 
mens in  this  and  other  cases  thus  quoted  Br.  Bowerbank  informs  me 
were  sent  to  him  by  Messrs.  Jeffreys  and  Peach. 

fistulosa  (Johnston).     Dredged  in  St.  Magnus  Bay,  30-60  fathoms. 

Order  SIUCEA. 

Geodia  Zeilandica,  Johnston.     "  Island  of  Foulah  and  Unst "  (Jameson). 

Pachymatisma  Johnstonia,  Bow.  A  single  specimen,  procured  after  great 
difficulty,  and  not  without  some  danger,  at  the  extremity  of  *  Will 
Heilyer/  Burranrth,  a  cave  of  difficult  access,  except  under  most  favour- 
able conditions  of  weather. 

Genus  Normanta,  Bowerbank,  n.  g. 

"  Skeleton  composed  at  the  external  surfaces  of  short  fasciculi  of  siliceous 
spicula ;  in  the  interior,  of  an  irregular  siliceo-spicular  network.  Dermis 
furnished  with  ternate  connecting  spicula.     Ovaria  membranous,  aspiculous. 

"  Type,  Normania  crassa. 

"  The  general  structure  of  the  skeleton  of  the  type  specimen  of  this  genus 
is  very  like  that  of  Pachymatisma,  but  it  is  readily  distinguished  from  that 
genus  by  the  total  absence  of  siliceous  ovaria,  and  by  its  thin  and  delicate 
dermal  system. 

"  The  radial  structure  of  its  skeleton  near  the  surface  of  the  sponge,  and 
its  dermal  connecting  spicula,  bring  it  somewhat  into  alliance  with  Ecionemia, 
but  the  total  absence  of  a  central  axial  column  readily  distinguishes  it  from 
that  genus.  I  have  named  this  genus  after  my  friend  the  Rev.  Alfred  Merle 
Norman,  the  ardent  and  accomplished  naturalist  to  whom  I  am  indebted  for 
numerous  new  and  valuable  species  of  British  sponges." 

"  A  genus  Normania  was  established  by  Mr.  G.  S.  Brady  in  1866,  for  a 
section  of  Crustacea  Ostracoda  (vide  Trans.  Zool.  Soc.  vol.  v.  p.  382),  but 
that  title  cannot  be  adopted,  as  the  Normania  of  Brady  is  identical  with 
Loxoconcha  of  G.  0.  Sars,  which  was  founded  a  few  months  previously  (vide 
G.  0.  Sars,  Oversigt  af  Norges  marine  Ostracoder,  1865,  and  G.  S.  Brady, 
Trans.  Linn.  Soc.  voL  xxvi.  1868,  p.  432). 

"  Normania  crassa,  Bowerbank,  n.  sp.  Sponge  cup-shaped,  sessile  ? ;  parietes 
stout  and  thick.  Surfaces  smooth,  outer  one  minutely  reticulated.  Os- 
cula  on  inner  surface  simple,  variable  in  size,  very  numerous.  Dermis 
thin,  pellucid ;  outer  surface  furnished  with  a  stout  polyspiculous  irre- 
gular reticulation ;  on  the  inner  one  with  numerous  dispersed  tension- 
spicula  large  and  small;  spicula  subfusifoimi-acerate;  and  also  with 
numerous  large  and  small  attenuato-stellate  retentive  spicula.     Con- 
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nccting  spicula  expando-toraato ;  radii  attenuated,  very  long,  shafts 
very  short.  Skeleton — fasciculi  and  reticulations  stout  and  polyspiou- 
lous ;  rete  open  and  irregular ;  spicula  subfusiformi-acerate,  long  and 
large.  Interstitial  membranes  pellucid,  furnished  abundantly  with  small 
subfusiformi-acerate  tension-spicula,  and  with  numerous  large  and  small 
attcnuato-stellate  retentive  spicula.  Gemmules  membranous,  aspiculous. 
Colour  in  the  dried  state  light  grey.  Habitat.  Shetland,  110  fathoms 
(Rev.  A.  M.  Norman).     Examined  in  the  dried  state." 

To  this  description  of  Dr.  Bowerbank  I  may  add  that  the  "  subfusi- 
formi-acerate tension-spicula  "  are  incipiently  and  entirely  spined,  and 
are,  moreover,  very  frequently  furnished  with  a  central  umbo. 
Ecionemia  compressa,  Bow.     Bare,  in  very  deep  water,  Unst  Haaf,  in  1864 
and  1868. 

Genus  Quasilltna*,  Norman,  n.  g. 

Sponge  consisting  of  a  single  clavate  hollow  body,  widening  upwards  from 
the  base,  and  rising  at  once  from  the  surface  of  the  stone  to  which  it  is  at- 
tached, without  any  expanded  basal  mass.  Skeleton  beautifully  reticulate, 
primary  fasciculi  ascending  in  parallel  straight  lines  from  the  base,  and  in 
diverging  radiating  lines  from  a  central  mammaeform  projection  at  the 
summit  of  the  sponge ;  secondary  fasciculi  at  right  angles  to  the  primary 
ones.     Spicula  fusiformi-acuate. 

Quasillina  brevis  (Bow. ,)=  Polymastia  brevis,  Bow.  Brit.  Spongiad®,  voL  ii. 
p.  64.  Frequent  on  pebbles  in  from  40  to  170  fathoms.  It  is  necessary 
to  separate  this  species  from  the  genus  Polymastia ;  for  whereas  in  the 
latter  genus  several  (often  very  numerous)  nstular  cloacce  arise  from  an 
expanded  basal  mass,  which  is,  in  fact,  the  body  of  the  sponge,  in  QuasU- 
Una  the  entire  sponge  consists  of  a  single  hollow  cylinder,  which  widens 
from  the  base  upwards,  and  is  most  expanded  near  the  summit.  When 
compressed,  a  rupture  always  takes  place  between  the  summit  of  the 
column  and  tho  cap-formed  top,  which  separates  as  a  kind  of  lid.  This 
lid,  with  its  central  mammiform  point,  its  radiating  primary  lines  of 
bundles  of  spicules,  and  its  transverse  secondary  lines,  reminds  us 
strongly  of  the  top  of  a  basket.  In  all  these  respects  the  genus  ap- 
proaches very  closely  to  the  genus  Euplectilla,  much  more  so  than  do 
the  species  of  the  genus  Polymastia.  The  spicula  are  needle-shaped 
(acuate),  swollen  in  the  central  part,  and  attenuated  towards  the  "  head  " 
as  well  as  towards  the  point ;  but  they  are  not  "  acerate  "  as  described 
by  Br.  Bowerbank,  the  head  end  being  blunt  and  rounded.  The  smaller 
spicules  sometimes  assume  a  slightly  pin-shaped  ("  spinulate  ")  form. 

Polymastia  bulbosa,  Bow.  The  typo  specimen.  "  Shetland,  Mr.  C.  W.  Peach, 
1864." 

spinula,  Bow.  In  50-110  fathoms,  on  stones  and  shells.  In  a  speci- 
men which  has  but  one  fistula,  though  its  basal  mass  is  only  j  of  an 
inch  in  diameter,  the  fistula  is  no  less  than  1|  inch  long,  but  only  J^-  of 
an  inch  wide.     Other  specimens  have  as  many  as  five  and  six  fistulfie.    . 

radiosa,  Bow.     The  type-specimen.      "  Shetland,  Mr.  C.  W.  Peach  " 

(Bowerbank). 
mammilluris  (Miiller).     A  single  specimen  in  1868,  also  procured  by 


Mr.  Barlee. 
Teihea  cranium  (Miiller).    Common  on  the  Outer  Haaf,  sometimes  attached 

*  QuasiUus.  a  little  basket. 
1868.  2  A 
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to  stones,  but  more  commonly  growing  parasitic  on  other  sponges,  es- 
pecially on  PlcakeUia  vmtilabrutnt 

TetKea  lynouritm  (Linn.).     "  Shetland,  1864  "  (Bowerbank  in  lHfe.)- 

— •  spbtularis,  Bow.  The  type  specimens  found  on  stones  from  70-80 
fathoms,  Out  Skerries  Haaf. 

HaUenemia  patera,  Bow,  A  very  rare  and  remarkably  interesting  little 
sponge,  found  1863  and  1864. 

Dictyocylindrus  virgt/tUo9u$,  Bow.  The  type  specimen  found  in  1861  in  deep 
water  off  Out  Skerries. 

shposus  (Elks  &  Sol.).    Very  fine  specimens  found  in  1867; 

hixpidu$  (Montagu).    Dredged  to  the  east  of  the  Island  of  Balta,  1867. 

— —  rugosus,  Bow.  A  fine  species,  very  local;  but,  where  found,  abundant. 
Out  Skerries,  Outer  Haaf,  70-90  fathoms,  40  miles  E.SJBi  of  Wbalsey 
Lighthouse. 

PhakeUta  robusta,  Bow.  In  100-170  fathoms,  20-25  miles  N.N.W.  of  Burra- 
firth  Lighthouse.  My  finest  specimen  measures  5£  inches  long  and  6 
in  diameter,  and  is  fan-shaped,  but  doubled  back  upon  itself  so  as  almost 
to  form  a  cup.     It  is  one  of  our  finest  species. 

— —  venHlabrtm  (linn.).  Very  common  in  deep  water  in  50-170  fathoms, 
though  rarely  at  the  former  depth.  Unquestionably  the  grandest  Bri- 
tish sponge.  There  are  two  magnificent  specimens  in  my  collection. 
One,  which  spreads  out  at  once  from  the  base,  so  that  the  cup  is  hardly 
developed  at  all,  and  the  sponge  is  nearly  flat,  measuring  13  inches  long 
and  9  wide,  but  is  only  3  inches  high.  The  other  takes  the  shape  of  a 
very  deep  well-formed  cup,  composed  of  many  lobes,  cut  almost  to  the 
base  of  the  sponge,  but  together  forming  a  regular  circle  j  this  sponge 
is  10  inches  high  and  as  much  in  diameter  at  the  summit.  Proliferous 
specimens  often  occur  in  which  many  small  sponges  grow  from  the  inner 
face  of  the  parent. 

Miorociona  Icevis,  Bow.  "  Shetland,  Mr.  Barlee  "  (Bowerbank),  The  only 
known  specimen. 

armata,  Bow.     "  Shetland,  1864  "  (Bowerbank  in  litt.). 

spinulenta,  Bow.     "  Shetland,  1864  "  (Bowerbank  in  litt). 

ambigua,  Bow.    Found  in  1861. 

atrosanguinea.     "  Shetland,  1864  "  (Bowerbank  in  litt.)* 

" simplicissima,  Bowerbank,  n.  sp.     Sponge  coating,  surface  irregular. 

Oscula  simple,  dispersed.  Pores  inconspicuous.  Dermal  membrane  pel- 
lucid, spiculous ;  spicula  cylindrical,  long,  slender,  and  very  flexuous ; 
rarely  acerate,  irregularly  dispersed,  numerous.  Basal  membrane  stout, 
abundantly  spiculous ;  spicula  like  those  of  the  dermal  membrane,  very 
numerous  and  closely  matted  together.  Skeleton — columns  short  and 
stout ;  spicula  acute,  not  more  than  half  the  length  of  those  of  the  dermal 
and  basal  membranes,  but  rather  stouter.  Colour  milk-white  in  the 
dried  state.  Habitat.  Shetland,  96  fathoms  (Rev.  A.  M.  Norman). 
Examined  in  the  dried  state."  (Bowerbank  MS.) 

Hymeraphia  vermiculata,  Bow.  On  stones,  Shetland,  deep  water,  not  un- 
common. 

clavata,  Bow.     On  stones,  deep  water  (Mr.  Barlee  and  A.  M.  N.). 

sUllifera,  Bow.     Outer  Haaf,  on  stones,  1861  j  on  shell  off  Balta,  40-50 

fathoms,  1863. 

" corontda,  Bowerbank,  n.  sp.  Sponge  coating,  thin.  Surface  un- 
even; both  strongly  and  minutely  hispid.  Oscula  simple,  dispersed. 
Pores  inconspicuous.     Dermal  membrane  spiculous;   tension-spicula 
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aoerate,  very  long  and  slender,  flexuous,  dispersed  singly,  or  fasciculated, 
fasciculi  frequently  polyspiculous:  external  defensive  spicula-— the  larger 
ones  arising  from  the  projection  of  the  distal  extremities  of  the  skeleton 
spicula  through  the  dermal  membrane;  the  smaller  ones  attenuato- 
spinulate,  entirely  spined,  basal  bulb  often  coronulated  spinously.  Ske- 
leton— spicula  spinulate,  very  long  and  large,  distal  end  usually  projected 
through  the  dermal  membrane.  Basal  membrane  pellucid  j  tension-spi- 
cula  same  as  those  of  the  dermis,  dispersed  singly,  few  in  number ;  in- 
ternal defensive  spicula  same  as  those  of  the  dermal  membrane.  Baroode 
abundant.  Colour,  dried,  light  grey.  Habitat.  Shetland  (Rev.  A.  M. 
Norman).  Examined  in  the  dried  state." 
medesmia  radiatat  Bow.  The  type  specimen  found  in  1864 ;  again  pro- 
cured in  1867. 

-  Zetlandica,  Bow.  The  type  found  by  Mr.  Barlee,  and  taken  by  myself 
en  stones  from  the  Haaf,  1863. 

-  occulta,  Bowerbank,  n.  sp«  Sponge  parasitical,  coating.  Surface 
irregular,  abundantly  hispid.  Oscula  simple,  dispersed.  Pores  incon- 
spicuous. Dermal  membrane  abundantly  spiculous;  tension-spicula 
acerate,  large  and  long,  dispersed;  retentive  spicula  bidentate  equi- 
anchorate,  large  and  stout,  numerous,  dispersed.  Skeleton  fasciculi  mul- 
tispiculous ;  spicula  very  numerous,  same  as  those  of  the  dermal  mem- 
brane with  an  admixture  of  stout  fusiformi-acerate  ones.  External 
defensive  spicula  attenuato-aouate,  size  various  ;  large  ones  basally 
spined ;  smaller  ones  entirely  spined.  Colour  milk-white.  Habitat. 
Shetland,  96  fathoms  (Rev.  A*  M.  Norman).  Examined  in  the  dried 
state." 

neniacidon  retictdatus,  Bow.  "  Stroma,  Shetland,  Mr.  C.  W.  Peach " 
(Bowerbank). 

-  perarmatu8,  Bow.  The  type  specimen  procured  40  miles  east  of  the 
Outer  Skerries  in  1861. 

-  membrana,  Bow.  The  type  specimens  on  the  underside  of  stones 
between  tide-marks,  near  Lerwick,  1861. 

-  mammeatus,  Bow.     Two  specimens  in  1868. 

-  viridans,  Bow.     "  Shetland,  1864  "  (Bowerbank  in  litt.). 

-  lingua,  Bow.  A  very  large  species  procured  in  very  deep  water,  Out 
Skerries  and  TJnst,  in  1864  and  1867. 

-Jloreus,  Bow.  On  roots  of  a  Fu<m,  extreme  low  water,  spring  tides, 
Out  Skerries,  1861. 

-  subercus  (Montagu).  Not  so  common  as  M.ficv*,  to  which  it  is  very 
closely  allied. 

-  camosnt  (Johnston).  Large  short-stalked  specimens,  of  the  siue  of  a 
large  apple,  in  Dourie  Yoe.  *  Small  specimens  with  the  head  about  \  of 
an  inch  in  diameter,  elevated  on  a  slender  footstalk  about  an  inch  long, 
but  at  other  times  almost  sessile,  in  40-50  fathoms,  5-8  miles  east  of 
the  Isle  of  Balta.   * 

ficus  (Esper.).  Common,  coating  univalve  shells,  and  generally  inha- 
bited by  hermit-crabs,  in  moderately  deep  water. 

[Hymeniacidon  gelatinosus,  Bow.  Dr.  Bowerbank  gives  the  locality 
of  the  type  specimens  of  this  species  as  "  Dourie  Voe,  Shetland."  This 
is  a  mistake ;  they  were  from  undor  a  stone  between  tide-marks  at  Cul- 
lercoats,  Northumberland.  The  error  doubtless  arose  from  the  circum- 
stance that  at  the  same  time  there  were  sent  to  him  with  this  species 
specimens  of  Jlymeniacidon  carnosus,  which  were  from  Dourie  Voe.] 
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Hymeniaoidon  sulphureus,  Bow.     "  Shetland,  1864"  (Bowerbank  in  litt.). 

pxupertas,  Bow.     Parasitical  on  zoophytes  from  deep  water  in  1861,  off 

Out  Skerries. 

Cliona  celata,  Grant.     Common  in  shells. 

Halichondria  panicea  (Pallas).  The  encrusting  forms  very  abundant  in  caves 
and  on  stones  between  tide-marks.  A  giant  specimen,  in  the  form  of  a 
roll  wrapped  round  the  stem  of  a  Laminaria,  measures  13  inches  long 
and  3  inches  in  diameter. 

coalita  (Grant).     "  Shetland,  1864  "  (Bowerbank  in  litt.). 

forceps,  Bow.     On  the  Outer  Haaf,  off  Unst,  in  1864  and  1868.     The 

"  forcepiform  "  spicula  in  this  species  are  very  remarkable,  and  at  once 
distinguish  the  species.  They  resemble  very  slender  hair-pins,  the  bow 
very  narrow,  the  pins  very  long,  finely  spinulous,  and  approaching  each 
other  at  the  points. 

simplex,  Bow.     "Shetland,  Mr.  C.  W.  Peach"  (Bowerbank). 

incrustans  (Esper).     Abundant,  coating  the  sides  of  Halse  Hcllyer, 

Burrafirth,  growing  side  by  side  with  H.  panicea  and  Isodictya  fucorum, 
the  three  species  intermingling  with  each  other. 

Dickiei,  Bow.     On  CeUepora  unicornis,  dredged  in  deep  water,  1863. 

Patersonii,  Bow.     Bare,  one  specimen  found  in  1867. 

" falctda,  Bowerbank,  n.  sp.     Sponge  massive,  sessile.     Surface  uneven, 

minutely  spinous  and  reticulated.  Oscula  simple,  dispersed.  Pores  in- 
conspicuous. Dermal  membrane  pellucid,  furnished  with  a  stout  irre- 
regular  polyspiculous  network.  Skeleton — rete  polyspiculous,  very  ir- 
regular and  diffused ;  spicula  fusiformi-acuate,  slender  and  long.  In- 
terstitial membranes — tension-spicula  same  as  those  of  the  skeleton  but 
smaller,  few  in  number.  Retentive  spicula  trenchant,  contort,  biha- 
mate,  stout  and  largo,  very  few  in  number.  Gemmules  membranous, 
aspiculous.  Colour  in  the  dried  state  cream-white.  Habitat.  Shetland. 
Rev.  A.  M.  Norman.     Examined  in  the  dried  state." 

« mutulus,  Bowerbank,   n.  sp.      Sponge    sessile,    massive.      Surface 

openly  reticulated.  Oscula  simple,  very  numerous.  Pores  inconspicuous. 
Dermal  membrane  spiculous ;  tension-spicula  acuate,  slender,  very 
nearly  as  long  as  those  of  the  skeleton,  few  in  number ;  also  tricurvato- 
acerate,  very  long  and  slender,  nearly  straight,  sometimes  flexuous; 
central  curve  abruptly  angulated  or  looped,  rather  numerous;  retentive 
spicula  dentato-palmate,  equianchorate,  very  minute  and  symmetrical,  few 
in  number.  Skeleton  equably  reticulate  ;  rete  stout  and  polyspiculous ; 
spicula  subattenuatoracerate,  stout  and  strong,  moderately  long.  Inter- 
stitial membranes  pellucid,  furnished  with  the  same  forms  of  spicula  as 
the  dermal  membrane  but  more  sparingly.  Colour  in  the  dried  state 
light  brown  Habitat.  Shetland,  96  fathoms  (Rev.  A.  M.  Norman). 
Examined  in  the  dried  state." 

■  scandens,  Bow.,   The  type  specimen,  dredged  in  1861  in  deep  water 

off  the  Out  Skerries.  It  is  a  minute  species,  which  encrusts  the  stems 
of  Sertularian  Zoophytes. '  - 

Batei,  Bow.     "  Shetland?,  Mr.  Spence  Bate"  (Bowerbank). 

— —  Htfridmanni,  Bow.     "  Shotland,  1864  "  (Bowerbank  in  litt.). 

-  dlbufa,  Bow.     "  Shetland,  deep  water,  Barlee  "  (Bowerbank). 

inornata,  Bow.     "  Shetland,  Mr.  C.  W.  Peach  "  (Bowerbank). 

Isodictya  varians,  Bow.     "Shetland,  Mr.  Barlee"  (Bowerbank). 

-jugosa,  Bow.     The  type  specimen,  found  in  deep  water  off  the  Out 


Skerries. 
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odictya  palmata  (Ellis  <fe  Sol.).  Shotland  (Fleming  and  Jameson),  and  more 
recently  in  1864  (fide  Bowerbank). 

-  infundibuliformis  (Linn.).  Common  on  the  Haaf  in  50-170  fathoms. 
My  largest  specimen  measures  9£  inches  in  diameter  across  the  cup,  and 
is  about  6  inches  high. 

laeiniosa,  Bowerbank,  n.  sp.  Sponge  sessile,  fan-shaped,  thin.    Surface 

uneven,  laciniose,  minutely  hispid.  Oscula  and  pores  inconspicuous. 
Dermal  membrane  pellucid,  spiculous ;  spicula  acuate,  long  and  slender, 
not  very  numerous ;  retentive  spicula  dentato-palmate,  equianchorate, 
palm  rather  exceeding  one-third  the  length  of  the  spiculum,  tooth  ter- 
minally truncated,  numerous,  very  minute ;  and  also  bicalcarated  biha- 
mate,  hami  terminations  truncated,  numerous,  very  minute.  Skeleton — 
rete  very  diffuse  and  open,  primary  lines  with  from  three  to  five  or  six 
spicula  in  thickness ;  secondary  lines  irregular,  mostly  unispiculous,  oc- 
casionally containing  two  or  three  spicula.  Spicula  acuate,  stout  and 
large.  Internal  defensive  spicula  attenuato-acuate,  incipiently  spinous, 
minute,  few  in  number.  Interstitial  membranes  spiculous ;  tension  and 
retentive  spicula  same  as  those  of  the  dermal  membrane.  Colour  in 
the  dried  state  light  ochreous  yellow.  Habitat.  Shetland,  170  fathems 
(J.  G.  Jeffreys,  Esq.,  and  Kev.  A.  M.  Norman).  Examined  in  the  dry 
state." 

The  type-specimen  is  fan-shaped,  with  several  pliciform  projections. 
It  measures  7  inches  in  height  and  10  inches  across.  The  structure 
is  so  unusually  open  that  the  sponge  is  translucent  in  every  part.  It 
is  a  large  and  remarkably  elegant  species,  on  account  of  its  open  nct- 
like  structure.  It  was  dredged  20-25  miles  N.  by  W.  of  Burrafirth 
Lighthouse  in  1867. 

-  fucorum  (Johnston).      Abundant  between  tide-marks  on  the  side  of 
Halse  Hellyer,  Burrafirth. 

-  BarUei,  Bow.  "  Haaf  Banks,  Shetland,  Mr.  Barlec  and  Mr.  Hum- 
phreys "  (Bowerbank). 

-fimbriate,  Bow.  Abundant  in  one  spot  some  40  miles  cast  of  Whalscy 
Skerries,  1861,  also  to  the  north  of  Unst,  1868. 

Genus  Raphioderma,  Bowerbank,  n.  g. 

Skeleton  without  fibres,  composed  of  an  irregular  network  of  polyspi- 
is  fagot-like  bundles,  the  spicula  of  which  are  compactly  cemented  to- 
cr  at  the  middle,  but  are  radiating  at  their  terminations." 

phioderma  coacervata,  Bowerbank,  n.  sp.  Sponge  sessile,  fan-shaped, 
thick.  Surface  even,  irregularly  areolated.  Oscula  simple,  minuto, 
numerous.  Pores  inconspicuous.  Dermis  reticulate ;  rete  polyspiculous, 
irregular,  very  strong  and  wide.  Dermal  membrane  pellucid,  abun- 
dantly spiculous ;  tension-spicula  attenuato-acerate,  long  and  very  slen- 
der, dispersed  or  loosely  fasciculated ;  retentive  spicula  contort  bihamate, 
minute  and  slender,  exceedingly  numerous,  and  dentato-palmate  equi- 
anchorate, variable  in  size,  few  in  number,  dispersed  or  congregated  in 
circular  groups.  Skeleton  irregular  and  very  coaisc ;  rete  polyspiculous ; 
spicula  subfusiformi-acerate,  rather  stout  and  long.  Interstitial  mem- 
brane spicula  same  as  those  of  the  dermal  membrane  ;  dentato-palmate, 
variable  in  size,  equally  dispersed,  largest  ones  occasionally  congregated 
In  circular  groups.  Gemmules  subspherical,  membranous,  aspiculous. 
Colour  in  the  dried  state  cream-white.  Habitat.  Shetland,  170  fathoms, 
J.  G.  Jeffreys,  Esq.  and  Rev.  A.  M.  Norman."  (Bowerbank,  MS.) 
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Taken  in  company  with  Isodutya  laciniosa  in  170  fathoms,  20-25 
miles  N.  by  W.  of  Burrafirth  Lighthouse,  in  1867,  and  again  in  1868. 
A  very  largo  and  thick  species,  growing  in  flat  lobate  masses.  The 
largest  piece  in  my  collection  measures  11  inches  long  by  6£  in  ite 
greatest  breadth. 

Genus  Oceaiupia*,  Norman,  n.  g. 

Sponge  consisting  of  a  hollow  sphere  filled  with  sarcode,  surrounded  by  a 
hard  spongeous  crust  of  a  very  close  and  compact  nature.  From  the  oppo- 
site poles  of  the  axis  of  the  spherical  or  ovate  body  of  the  sponge  there  spring 
more  or  less  numerous  simple  or  branched  fistula  of  great  size  and  length ; 
these  fistulae  are  also  furnished  at  their  base  with  prolongations,  which,  pass- 
ing inwards  into  the  central  cavity  of  the  sponge  in  the  form  of  cylindrical 
branching  tubes,  are  bathed  in  the  great  sarcodous  mass.  Skeleton  spiculo- 
fibrous,  irregularly  reticulated ;  fibres  polyspiculous,  the  primary  lines,  especi- 
ally of  the  fistula,  of  great  size.  Spicula  acerate,  stout  (Bowerbank,  pi.  i. 
fig.  2)  and  very  minute,  in  the  form  of  half  a  ring,  "  simple  bihamate  " 
(Bowerbank,  pi.  v.  fig.  109).  Dermal  membrane  reticulate ;  rete  for  the 
most  part  unispiculous ;  spicula  of  the  same  two  kinds  as  those  of  the 
skeleton. 

Oceanapia  Jeffrey sii  (Bow.)=sDesmacidon  Jeffrey 'sii,  Bow.  Brit,  Spongiadae, 
vol.  ii.  p.  347,  =zI$odictya  robusta,  ib.  id.  p.  304. 

In  1861  I  dredged  a  portion  of  the  spherical  crust  of  this  sponge, 
from  which  the  fistulae  had  been  abraded.  This  having  been  placed  in 
Dr.  Bowerbank's  hands,  was  considered  by  him  to  belong  to  the  genus 
Isodictya,  and  is  described  in  his  work  under  the  name  I.  robusta.  In 
subsequent  expeditions  to  Shetland  I  obtained  many  detached  fistulas, 
and  also  portions  of  the  crust,  which  convinced  me  that  the  entire  sponge, 
when  found,  would  prove  to  be  something  very  different  from  what  had 
been  imagined  by  Dr.  Bowerbank  from  the  type  specimen.  In  1864 
some  of  the  fistula)  were  forwarded  by  Mr.  Peach  to  Dr.  Bowerbank, 
who  regarded  them  as  a  new  species  of  Desmacidon  (Z).  Jeffreysii).  At 
length,  during  the  past  summer,  several  perfect  specimens  of  the  sponge 
have  been  dredged,  and  it  is  thus  proved  to  be  a  remarkable  species, 
perhaps  the  most  interesting,  as  it  is  also  one  of  the  largest  of  British 
Porifera. 

In  form  and  size  the  adult  sponge  most  strikingly  reminds  us  of  a  fall- 
grown  swede  turnip.  Imagine  such  a  turnip  to  be  going  to  seed,  and  to 
have  sent  up  several  shoots.  Now  break  these  shoots  off  4  or  5  inches 
from  the  bulb,  strip  off  the  leaves  as  well  as  the  smaller  fibrous  por- 
tions of  the  roots,  and  scoop  out  all  the  interior  of  the  turnip,  leaving 
only  the  rind,  and  you  will  have  a  very  fair  idea  of  Oceanapia.  The 
rind  represents  the  spongeous  crust ;  the  hollow  interior  is  a  cup  filled 
with  sarcode ;  the  broken  off  stems  are  the  cloacae,  which  are  of  about 
the  size  and  shape  of  a  finger,  the  smaller  specimens  having  sometimes 
only  one,  but  the  larger  as  many  as  a  dozen  such  cloacal  fistulae  of 
various  sizes,  which  are  generally  simple,  more  rarely  branched.  The 
roots  of  the  turnip  represent  other  fistular  appendages  of  smaller  size 
than  those  which  spring  from  the  crown,  and  of  more  solid  and  stringy 
•  texture.  These  appear  literally  to  take  the  plaee  of  roots,  since  in  one 
instance  they  grasp  a  pebble  with  their  extremities,  and  in  other  cases 

*  Oceanus  and  napus,  a  turnip, 
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show  evident  signs  of  having  been  partially  imbedded  among  sand.  My 
largest  specimen  contained  nearly  a  pint  of  sarcode  in  the  interior.  This 
Barcode  is  of  deeper  colour  than  usual  among  the  sponges,  and  when  the 
dried  Oceanapia  is  cut  open  the  sarcode  will  be  found  lying  on  that  side 
which,  has  been  downwards  when  drying,  shrunk  into  a  solid  deep  brown 
or  almost  black  mass,  having  somewhat  the  appearance  and  consis- 
tency of  cobbler's  wax. 
Ve*maciclonfruticQ$u9  (Montagu).    "  Shetland,  1864  "  (Bowerbank  in  litt.). 

Peachii,  Bow.    The  type  specimen.    >'  Shetland,  Mr,  C.  Wf  Peach  " 

(Bowerbank). 

constrict™,  Bow,    The  type  specimen.    "  Shetland,  Mr.  C.  W.  Peach  " 

(Bowerbank). 
Hajphysus  Griffithsice,  Bow,    "  Shetland,  Capt.  Thomas  and  Mr.  M' Andrew  " 

(Bowerbank).  i 

Diplodemia  vesicula.    "  Shetland,  Mr.  Barlee  "  (Bowerbank). 

Order  KERATOSA. 

SpongioneUa pvdchetta  (Sowerby).  "A  young  specimen  coating  part  of  a 
small  bouldered  granite  pebble  dredged  by  Mr.  Jeffreys  off  the  Outer 
Skerries,  Shetland,  in  May  1864,  from  50-80  fathoms  depth  "  (Bower- 
bank). 

Chalina  oculata  (Pallas).  "  Shetland,  1864"  (Bowerbank  in  litt.).  I  have 
never  myself  seen  this  common  species  of  our  southern  coasts  in  the 
extreme  north. 

gracilenta,  Bow.     "  Shetland,  1864  »  (Bowerbank  in  litt.). 

Verongia  Zeilandica,  Bow.  Occasional,  and  widely  distributed,  but  numeri- 
cally scarce  on  the  Outer  and  Middle  Haaf. 

I>ysidea  fragilis  (Montagu).     Rare,  only  two  or  three  specimens  observed. 

POSTSCRIPT. 

Since  the  Report  on  the  Crustacea  has  been  in  print  I  have  received  the 
last  part  of  Bate  and  Westwood's  '  British  Sessile-Eyed  Crustacea,'  which 
contains  the  appendix  to  that  work.  Among  the  species  there  described  are 
several  on  which,  as  being  connected  with  the  present  Report,  it  is  necessary 
that  I  should  say  a  few  words. 

"  Opis  leptochela,  n.  sp."  This  I  find  to  be  the  species  described  by  me  under 
the  name  Euonyx  chelatus  (Brit.  Assoc.  Report,  1866  (1867),  p.  202). 
My  specimen  differs  from  that  described  by  B.  &  W.  in  having  the 
second  gnathopods  larger  and  stronger  than  the  first,  and  the  hand  fur- 
nished with  a  strong  nail.  This  difference  is  perhaps  one  of  sex.  The 
species  cannot,  I  think,  be  placed  in  the  genus  Opis. 

" Ampelisca  laevigata"     Most  unquestionably  not  the  true  A.  laevigata,  but 

the  A.  tenuicomis  of  Iilljeborg  and  of  this  Report.    The  characters  given 

by  B.  &  W.  are  the  exact  reverse  of  those  which  belong  to  the  true 

A,  laevigata. 

"  Haploops  tubicola"    B.  &  W.  give  "  Shetland  "  on  my  authority,  but  I  have 

never  taken  the  species  there.    For  "  Shetland  "  read  Hebrides*. 
"  Lepidepecreum."  %  A  new  genus  is  characterized  under  this  name  to  receive 

*  In  the  '  Zoological  Record '  for  1866,  Mr.  Bate,  in  referring  to  my  Hebridean  Report 
(Brit.  Assoc  Report,  1866,  p.  193),  In  every  instance,  by  some  lapsus,  misquotes  the  ha- 
bitat ss"  Shetland." 
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the   Anony.v   longicornis,   which    differs   from  Anovyx  in  having   no 
secondary  appendage  to  the  upper  antenna*. 

"  Unciola  Jewopes,  Kroycr."  B.  &  W.  consider  my  U.  planipes  as  "  prohably 
identical "  with  this  species.  It  may  he  so,  but  there  are  points  of  dif- 
ference which  made  me  think  it  wiser  to  keep  them  apart  until  the  ex- 
amination of  Greenland  specimens  should  settle  the  question  definitely. 

"  Hyperia  tatiriformis,  n.  sp."     This  is  the  Metoecus  medusat'ttm  of  Kroyer 
and  of  this  Report.     B.  &  W.'s  specimens  were  from  Banff,  forwarded 
by  Mr.  Edward,  to  whom  I  am  also  myself  indebted  for  specimens. 
In  the  '  Annals  and  Mag.  Nat.  Hist.'  for  January  1869,  p.  49,  pi.  viii. 

figs.  13-15,  will  be  found  a  description  of  Cytherura  flavescens,  by  Mr.  G.  S. 

Brady ;  and  in  the  '  Quart  Journ.  Micros.  Science,'  January  1869,  a  full 

account  by  Prof.  Allman  of  Ehabdopleura  Normanu 


Report  on  the  Annelids  dredged  off  the  Shetland  Islands  by  Mr.  Gywn 
Jeffreys,  1867-68.     By  W.  C.  M'Intosh,  M.D.,  F.L.S. 

Mk.  Gwyn  Jeffreys,  in  his  dredging- expedition  to  the  Shetland  Islands 
last  year,  kindly  selected,  chiefly  with  the  assistance  of  Mr.  Sturgcs  Dodd 
and  the  Rev.  A.  M.  Norman,  a  large  number  of  Annelids,  which  he  most 
courteously  placed  at  my  disposal ;  and,  as  they  were  properly  preserved  in 
vessels  and  fluid  6ent  for  the  pupose,  their  subsequent  examination  proved 
very  satisfactory.  The  same  was  done  in  1868 ;  but  owing  to  the  unfavour- 
able state  of  the  weather,  the  collection  was  very  much  smaller  than  that  of 
the  previous  year. 

The  majority  of  the  Annelids  come  from  St.  Magnus  Bay,  or,  rather,  from 
the  deep  water  (80-100  fathoms)  beyond  this,  not  because  they  so  dispro- 
portionately abound  there  (although  the  muddy  sand  is  eminently  favourable 
for  their  increase),  but  probably  because  the  dredging  was  most  frequently 
carried  on  in  that  neighbourhood.  The  other  localities,  in  the  order  of  the 
respective  collections,  are  off  Balta,  North  Unst,  Brcssay  Sound,  Outer  Haaf 
(Skerries),  Fetlar,  and  a  small  shore  collection  made  by  Mr.  Dodd  at  Hills- 
wick. 

The  Annelids  found  in  the  deep  water  off  North  Unst  form  a  collection  very 
rich  in  new  or  rare  forms ;  for,  out  of  thirteen  species,  three  at  least  are  new 
to  science,  and  four  not  hitherto  found  in  Britain.  The  collection  from  the 
Outer  Haaf  (Skerries)  has  also  several  rare  forms ;  out  of  eight,  four  are  new  to 
Britain  and  one  to  science.  Out  of  sixty  found  in  St.  Magnus  Bay,  four  are 
new  to  science  and  eighteen  to  Britain.  These  figures  contain  the  entire 
new  or  rare  forms  in  the  individual  collections,  without  reference  to  their 
occurrence  in  others,  as  will-  be  apparent  when  I  mention  that,  out  of  a 
total  of  about  ninety-two  Annelids  at  present  identified,  five  or  six,  so  far  as 
I  can  at  present  make  out,  are  new  to  science,  and  about  twenty-two  to 
Britain.  As  before  stated,  this  is  one  of  the  best  collections  of  the  kind  ever 
made  in  Britain,  whether  in  regard  to  the  excellent  condition  of  the  prepara- 
tions or  the  number  of  new  forms.  As  might  bo  expected,  many  of  the 
additions  to  our  fauna  are  Scandinavian  in  type ;  but  others  arc  not  so,  at 
least  they  do  not  occur  in  tho  valuable  catalogue  (Annulata  Polychajta  Spets- 
bcrgiae,  &c.)  recently  published  by  Dr.  A.  J.  Malmgren,  tho  enterprising 
naturalist  of  Helsingfors. 
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I  have  described  some  of  the  supposed  new  forms  elsewhere,  and  therefore 
.ball  refer  to  them  very  briefly  at  present.  They  are  as  follows: — Ilipponoe 
Teffreysiiy  n.  sp.,  a  small  Amphinomacean  with  a  simple  subulate  antenna  on 
;b.o  smooth  elevation  of  the  dorsum  of  the  head.  There  is  no  caruncle. 
The  "branchiae  consist  of  tufts  of  simple  processes,  or  they  arc  bifid  or  some- 
what fasciculated.  The  bristles  of  the  superior  lobe  of  the  foot  are  for  the 
most  part  shorter  and  stouter  than  the  inferior,  and  of  a  characteristic  shape. 

It  is  allied   to   the  Eurythoe   borealis   of  Sars.      Eunoa  ,  the  second 

species   of  the  genus  found  in  Britain,  the  first  being  E.  nodosa,  Sars,  also 
found  in  the  Shetland  seas  by  Mr.  Jeffreys,  and  described  by  Mr.  Lankcster 
as  a  new  form,  under  the  name  of  Antinoe  zetlandica  (Linn.  Trans,  vol.  xxv.) ; 
in  the  present  species  the  scales  are  quite  smooth,  often  bordered  with  a  dark 
pigment-belt,  and  the  inferior  bristles  of  the  feet  have  an  entire  clawed  tip. 
Sigalion  Buslcii,  n.  sp.,  a  form  having  the  aspect  of  8.  boa  rather  than  that  of 
iS.  Mathildce,  to  which  the  scales  are  most  nearly  allied  in  structure ;  but  the 
bristles  are  larger  than  in  either  case  and  characteristicaUydifferent.  Notocirrns 
scoticus,  n.  sp.,  a  Lumbrinereian,  with  a  dorsal  branchial  lobule  to  each  foot, 
and  found  abundantly  in  comparatively  shallow  water  in  the  Hebrides,  where 
the  bottom  is  clayey  mud.     Eumenia  Jeffreysii,  n.  sp.,  a  form  first  dredged 
by  Mr.  Jeffreys  in  the  Hebrides,  but  too  much  decomposed  to  be  minutely  de- 
scribed :  it  is  allied  to  E.  crassa ;  but  there  are  no  traces  of  the  branchial  fila- 
ments in^any  specimen.     A  double  row  of  isolated  papillae  runs  along  each 
side  from  the  snout  to  the  tail,  the  summit  of  each  giving  exit  to  a  bundle  of 
forked  and  simple  bristles.     PraociUa  artica  (?Malmgren),  a  species  that 
very  probably  is  P.  articu  of  that  author ;  but  as  he  has  only  mentioned  that 
it  is  similar  to  P.  pratermissa  (differing  in  the  hooks  having  six  teeth),  we 
are  left  quite  in  doubt  as  to  his  form.     The  teeth  of  the  funnel  are  in  general 
more  filiform  and  distinct  than  in  P.  prcetermissa.    Polycirrus(?)  tribullata, 
n.  sp.,  a  species  having  the  snout  and  tentacles  of  a  Polycirrus,  but  without 
the  bristles  or  hooks  in  the  anterior  region,  which  is  furnished  with  three 
circular  and  somewhat  flattened  papillae  on  each  side. 

Of  the  forms  new  to  Britain  are — Lcetmonice  Jilicornis,  Kinberg,  which, 
however,  is  Dr.  Baird's  L.  Kinbergi.     Harmothoe  longisetis,  Grube,  a  widely 
distributed  species,  described  by  Mr.  Lankester  as  H.  Malmgreni  (op.  cit), 
and  therefore  previouly  found  in  Britain.     Panihalis  (Erstedi,  Kinberg,  a 
fine  species  with  the  habit   of  a   Sigalion.      Sigalion  limicola,  Ehlers,  a 
form  found  by  its  discoverer  in  the  Adriatic.     It  is  rather  abundant  in  the 
Shetland  seas,  but,  so  far  as  known,  has  not  yet  been  found  on  any  other 
part  of  the  British  coast.     The  anterior  scales  are  furnished  towards  the 
outer  margin  with  peculiar  ragged  processes.     It  has  four  eyes,  and  not  two, 
as  stated  by  Dr.  Ehlers.     Nephthys  ciliata,  Muller.     Qenetyllis  lutea,  Malm- 
grcn.     Anditis  Jcosteriensis  (?),  Malmgrcn.      Lumbrinereis  fragilis,  Muller, 
a  species  which  probably  includes  L.  tricolor  and  Borne  others,  and  therefore  has 
been  found  previously  on  the  British  coast.  It  ranges  from  the  Channel  Islands 
to  the  north  of  the  Shetlands,  and  large  specimens  occur  at  both  extremities. 
Onuphis  sicida,  De  Quatrefages,  a  curious  species  (inhabiting  a  tube  composed 
of  shell-fragments,  stones,  and  sand),  allied  to  Hyalincecia  tvbicola,  but  differ- 
ing entirely  in  the  structure  of  certain  of  its  bristles  and  hooks,  and  in  the 
absence  of  the  small  brush-like  bristles.     It  is  not  uncommon  on  the  south 
coast  of  England,  as  well  as  in  the  Mediterranean.     Eone  Nordmanni,  Malm- 
grcn, a  species  having  tho  aspect  gf  Goniada  macuhta,  but  differing  amongst 
other  particulars  in  the  structure  of  the  bristles  of  the  dorsal  lobe,  which  end 
in  a  somewhat  blunt  tip,  furnished  with  a  translucent  conical  apicial  pro- 
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cess.  Seoloploa  armiger,  Miiller,  a  very  common  inhabitant  of  our  western 
and  northern  sandy  Bhores.  Naidonereis  qitadrieuspidata  (Fabr.),  (Ersted, 
also  abundant  in  the  same  localities.  Trophonia  glauca,  Malmgren,  charac- 
terized by  having  bristles  instead  of  hooks  on  the  inferior  division  of  the  seg- 
ments. CTuBtopterw  norvegkus,  Sars,  a  species  which  apparently  comprehends 
C.  instgnis,  Baird.  Scolecohpis  cirrata,  Sars,  not  rare  in  the  Shetland  seas, 
llhodine  Loveni,  Malmgren,  which  has  its  uncini  placed  in  a  double  row  as 
Terebella.  It  is  one  of  the  Maldanidce.  Axioihea  catenate,  Malmgren*  This 
has  an  infundibuliform  anal  funnel  with  alternate  longer  and  shorter  fila- 
ments, and  the  base  of  the  cup  is  marked  exteriorly  on  the  ventral  surface 
by  a  continuation  of  the  median  line.  The  hooks  have  usually  about  six  teeth 
on  the  summit  above  the  great  fang,  though  the  anterior  ones  have  fewer, 
and  the  posterior  a  larger  number.  PraarfUa  prmtermUsa,  Malmgren,  a 
form  common  on  our  western  and  northern  shores,  in  a  depth  of  4  to  8 
fathoms.  Praarilla  gracilis,  Sars.  Clymene  elnemU,  Aud.  &  Ed,,  of  which 
only  a  single  incomplete  example  occurred.  The  hooks  are  less  curved  than 
in  the  foregoing  species,  and  the  crown  somewhat  flattened.  The  type  was 
found  on  the  coast  of  Brittany.  Ampharete  artica,  Malmgren.  Sabellides 
$excirrata,  Sars.  Orymasa  Bairdi,  Malmgren,  a  species  very  closely  allied  to 
Tlulepm  ( Venusia)  drcinnatus.  LysiRa  Loveni,  Malmgren,  which  has  six 
pairs  of  fbot-papillee  in  front,  each  with  a  submerged  tuft  of  simple  bristles. 
The  dorsum  is  densely  tuberculated,  and  the  ^cephalic  lobe  furnished  with 
clavate  grooves  and  filiform  tentacles.  Euchone  analU,  Kroyer.  Vhone  in- 
futtdibuHformis,  Kroyer. 

The  following  is  a  list  of  the  Zetlandic  Annelids  dredged  in  1867  and 
1868;— 


Name  of  species. 


Bange. 


Remarks. 


Euphromne  foliosa,  Aud.  §  Ed. 

Hipponoe  Jeffireysii,  n.  sp 

Aphrodita  aculeata,  Linn 

Lu&nonioe  filicornis,  £bg 


fathoms. 

lob'' 

«KM(X) 


Lcpidonotus  squamatus,  Linn 0-60 

Nyohia  rirrosa,  Pallas    >     

£moa ,  n.ap '  90 

Harmothoeimbrioata,  Linn ]  0-90 

-  longisetis,  Qrube  '  0-90 

..     ..       _..  ^ 

0-15 


Lepidonotus  pelluoidus,  Ehlsrs 
Polynoe  soolopendrina,  8at>.. 


Halosydaajelatdnosa,  Sara  0-8 

Panthalis  (firstedi,  Knbg 78 

Sigalion  boa,  Joknst 0 

Buskii,  n.sp 90-96 

limioola,  Ehlsrs     |  80-96 

Pholoe  minuta,  Fabr I  0-100 

Nephthys  oiliata,  Mull. I  100 

csx*,Fabr.    I  0-60 

Genetyllis  lutea,  Mgrn |  100 

Anaitis  kosteriensis  ?,  Mgrn <  100 

Phyllodoce  gramlandica,  (Erst.    !  100 

Euinida  sanguinea,  (Erst ]  0-GO 


Hebridsan  t 
St.  Magnus  Bay. 
Only  small  specimens. 
Very  abundant  in  the  N.  Hebri- 
dean  and  Zetlandic  was. 


Found  attached  to    Spatangus 
purpureas  in  one  instance. 

North  Unst&c. 

Bare. 

Bare.    It  is  abundant  on  the 

shores  of  the  Hebrides  between 

tide-marks. 

Bare.    35  miles  off  Out  Skerries. 


North  Unst 
Very  abundant. 


St  Magnus  Bay. 
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Name  of  species. 


Remarks. 


Eulalia  yiridis,  Mull ,.. 

Eteone  pusilla,  (Erst.,,. ,..,.,,, 

Ophiodromus  Yittatus,  Sars , . . 

Castalia  punctata,  Mutt.    ,.. 

Syllis  armillaris,  Mull,  ,.. 

artica,  Morn 

cornuta,  aalhks    

Nereis  pelagica,  Linn 

Hediste  diversicolor,  Mull.    

Nereilepas  fucata,  Sav 

Heteronereis  fucicola,  (Erst ,.. 

Lumbrinereis  fragUis,  Mdli. ,. 

Notocirrus  scoticus,  n.  sp 

Leodice  norregica,  Linn 

Nothria  conchylega,  Sars 

Hyalinacia  tubicola,  Mull.    

Onuphis  sicula,  Quatref.   

Goniada  maculata,  (Erst, 

Eone  Nordmanni,  Mgrn ..,,.. 

Glycera  capitata,  (Erst 

Arieia  Cuvieri,  Aud.  £  Ed.   

Scoloplos  araiiger,  Miill.  

Naidonereis  quadricuspidata,  (Erst 
Ammotrvpane  aulooaster,  Bathks 

Ophelia  iimacina,  Satkks ..,.,., 

Eumenia  Jeffreyeii,  n.  ep. 

Seal i bregma  infiatum,  ttathke  

Arenicola  marina,  Linn 

Ephesla  gracilis,  Bathke   

Trophoma  plumosa,  Miill.    

glauoa,  Mgrn 

Chsctopterus  norvegious,  Sars  

Seoleeolepis  cirrata,  Sars 

Cirratulus  cirratus,  Miill. 

Capitella  capitata,  Fabr 

Rhodine  Loyeni,  Mgrn,    

Nichomache  lumbrxcalia,  Fabr,    ... 

Axiothea  catenate,  Mgrn 

Fraxilla  prsetermissa,  Mgrn 

gracilis,  Sars 

artica  (?  Malmgren) 

Clymene  ebiensis,  Aud,  $  Ed, 

Ammocbares  ottonis,  Grubt     

Subellaria  alveolate,  Linn 

Pectinaria  belgica,  Pallas 

Ampbiotene  auriooma,  Miill,    , 

Ampharete  artica,  Mgrn , , 

Amphicteis  Gunneri,  Sars    , 

Stibellides  sexcirrata,  Sars 

Terebella  nebulosa,  Mont. , 

littoralia,  Mont.  ? 

— -  figulus,  Dalycll     

Nicolea  zostericola,  (Erst,., , 

Pista  cristata,  Mutt , 

Thelepus  cireinnatus,  Fabr 

Grrmsea  Bairdi,  Mgrn 

PolyoiiTus  aurantiaous,  Grubs 


fathoms. 
0 
100 
0-100 

0-100 
0-100 

100 

50 

0-100 

0-100 

100 

'(MOO 

5-100 

50 

90-100 
50-100 

90 
80-100 
90-96 
4-100 
4-80 
50 
70-80 
5-100 

50 

50-100 

0-50 

"W 

6-6 
70-100 

8<m66 

0-100 
80-90 

40 
0-100 

100 
70^80 

100 
70-90 
7O-100 

4-100 

«M0l) 

100 
80-100 
80-100 
80-100 

0-5 


50 
70-80 
50-120 
70-80 
70-80 


Moat  abundant  in  the  Hebridean 
seas. 


25  miles  N.N.E.  of  North  Unst, 

Balta,6o. 
Abundant  in  the  Hebridean  seas. 

Off  North  Unst. 

St  Magnus  Bay  and  V.  Unst. 


Spharodorum  peripatus,  Johnst. 


Fragmentary.  N.  Hebridean  seas. 


Fragmentary.      Outer   Haaf, 

Skerries. 
Common. 
Tubes  only. 


Not  uncommon. 
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Name  of  species. 

Range. 

Bemarks. 

Polycirrus  (?)  tribullata,  n.  sp 

fathoms. 

TJysiila  Ijoyeiii,  Mam 

iob 

100 
5-100 

Fragmentary. 

Trichobranchus  glacialis,  Morn-, 

Terebellides  Strcemii,  Sara 

Not  uncommon. 

Sabolla  pavonia,  S&v 

Euchone  analia,  K.T0Utr     

80-100 

80-100 

100 

Ohone  in  fandibuli  formic  Kfovcr    .,.,.,.., ,. 

Protula  protensa,  GTtibc  tt  cat.    

Filigrana  impl^xa,  Berkeley  ,  ...ft-.... 

Serpula  vermicularis,  Linn 

reversa,  Mont 

90 

85 

80-100 

4-5 

0-8 

Placostegus  tridentatus,  Vabr. 

Ditrypa  arietina,  Mull* 

Abundant. 

TYtnwtemmft  vari^gat-Mm  ......,-  —  ......*,.-> 

Ommatoplea  purpurea • 

pulchra 

Lineus  longissiinus    

0 

Mcckelia  annulata 

Cercbratulus  tcenia 

Kntobdella  hippoglossi 

Parasitic  on  the  Holibut. 

Aulostoma  gulo      , 

Fresh  water. 

Clitellio  arenarius  

Besides  the  foregoing,  there  are  several  whose  examination,  partly  from 
their  fragmentary  stato,  has  not  been  complotod,  and  which  are  at  any  rate 
in  the  category  of  those  new  to  Britain,  viz.  a  Sigalion,  a  Syllis,  an  Amaye, 
and  a  Polycirrus. 

I  may  also  remark,  in  passing,  with  reference  to  the  other  known  forms 
in  this  collection,  that  the  Halosydna  Jeffreysii,  Lankester  (op.  cit.),  is  If. 
yelatinosa,  Sars,  as  mentioned  in  Dr.  Giinther's  Zoological  Record  for  1866 ; 
and  that  I  have  not  yet  been  able  to  make  out  a  specific  difference  between 
Lcodice  norvegica,  Linn.,  and  Eunice  Harassii,  And.  &  Ed. 

In  addition  to  the  foregoing,  there  was  a  very  remarkable  Nemertean  allied 
to  Borlasia,  with  a  bifid  proboscis,  a  complex  structure  of  the  muscular  wall 
of  the  body  ;  and  a  boring  Sipunculus,  lodged  in  its  cavity  inside  a  fragment 
of  shell. 


Report  on  the  Shetland  Foraminifera  for  1868.  By  Edward  Waller. 

The  almost  unexampled  stormy  character  of  the  summer  in  the  Shetland 
Islands  this  year  necessarily  prevented  dredging  in  the  depths  of  200  and 
more  fathoms,  which  your  Committee  hoped  to  attain,  and  from  which  they 
reasonably  expected  additions  to  the  British  fauna  in  various  departments. 

The  disappointment  has,  of  course,  affected  the  increase  in  the  number  of 
Foraminifera  as  of  other  orders.  Notwithstanding  this  drawback,  the  exami- 
nation of  some  of  the  fine  siftings  of  our  dredged  stuff,  even  in  a  very  cursor}- 
way,  has  brought  to  view  some  interesting  forms  hitherto  unknown  on  our 
coasts.  Amongst  them  a  genus  new  to  Britain,  Flabellina,  tho  observed 
species  being  very  similar  to  the  Flabellina  rugosa,  D'Orb.,  as  found  in  the 
lias  of  Somersetshire,  and  figured  by  Mr.  H.  B.  Brady  in  the  '  Proceedings 
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of  the  Somersetshire  Archaeological  and  Natural  History  Society,'  vol.  xiii. 
1865-66.  There  are  also  some  forms  of  Lagena,  Cristellaria,  Uvigerina,  and 
Bigenerina,  which  seem  sufficiently  distinct  from  previously  recorded  British 
ones  to  he  described  under  separate  names ;  but  I  believe  in  no  other  order 
is  there  so  much  difficulty  in  denning  the  limits  of  species  and  varieties,  and 
consequently  so  much  danger  of  confusion  in  nomenclature.  A  more  com- 
plete investigation  of  the  dredgings  will,  I  have  no  doubt,  afford  additional 
novelties. 

In  the  list  and  remarks  appended  to  my  former  Report  (1867),  I  endea- 
voured to  give  as  complete  a  view  of  the  Shetland  Foraminifera  as  our  pre- 
sent knowledge  permitted,  so  that  a  comparison  can  be  made  of  their  relation 
to  those  of  the  whole  kingdom  and  of  some  neighbouring  countries. 


Addenda  to  the  Rev.  A.  M.  Norman's  Report. 

C idaris  papiUata,  Leske.  I  find  that  by  some  accident  I  have  omitted  to 
notice  this  species  in  the  enumeration  of  species.  It  appears  to  be 
absent  to  the  east  and  north-east  of  Shetland,  as  during  our  dredging 
in  those  directions  we  never  saw  any  trace  of  it,  and  the  fishermen  at  the 
Out  Skerries  were  unacquainted  with  it.  The  specimens  which  have 
been  procured  through  fishermen  have  been  all  from  the  western  coast ; 
and  we  had  the  pleasure  of  dredging  the  Piper  in  some  numbers,  25-35 
miles  N.N7W  off  Unst  in  110-170  fathoms  in  company  with  Spatangus 
meridionalis  and  other  rarities.  They  appear  to  be  very  sluggish  in 
their  movements,  as  though  kept  alive  for  some  time  in  a  large  tub  of 
water,  they  showed  very  little  inclination  to  change  their  position ;  of 
course,  however,  they  found  themselves  placed  in  very  unusual  and 
probably  very  uncongenial  conditions. 

Amphiura  tenuispina,  Ljungman,  "  Tillagg  till  kannedomen  af  Skandinaviens 
Ophiurider,,,  (ErVcrs.  af  k.  Vet.-Akad.  Forh.  1863,  p.  360,  pi.  xv.  fig.  1  = 
Amphipholis  eUgans  var.  tenuispina,  Ljungman,  "  Ophiuroidea  Viventia 
hue  usque  cognita,"  (Efvers.  af  k.  Vet.-Akad.  Forh.  1866,  p.  312.  The 
specimens  of  "  Amphiura  elegans  "  recorded  in  the  foregoing  Report  from 
"  40  fathoms,  St.  Magnus  Bay,"  belong  to  A.  tenuispina,  Ljungman. 
That  author  at  first  described  this  form  as  a  species,  but  in  his  more 
recent  momoir  considers  it  to  be  a  deep-water  form  of  A.  elegans.  On 
the  other  hand  I  at  first  regarded  it  in  the  latter  light,  but  now  think  it 
may  be  a  distinct  species.  For  its  characters  I  must  refer  the  reader  to 
Ljungman's  paper.  I  find  specimens  of  this  Ophiuridan  among  the 
Echinodermata  procured  in  the  '  Lightning '  expedition,  and  sent  to  me 
for  examination  by  Messrs.  Carpenter  and  Thomson;  and  dredged 
lat.  59°  40'  K,  long.  7°  20'  W.,  on  a  bottom  of  fine  mud  in  530 
fathoms  and  a  temperature  of  47°  Fahr. 

PociUipara  interstincta,  Fleming,  Brit.  Anim.  p.  511 ;  Johnston's  British 
Zoophytes,  p.  194.  This  coral,  found  by  Dr.  Hibbert  in  the  Shetland  sea, 
has  been  an  obscure  species  of  which  we  have  been  able  to  make  out 
nothing  hitherto.  I  have  recently,  however,  seen  specimens  of  a  highly 
interesting  coral  procured  by  Messrs.  Carpenter  and  Thomson  in  the 
« Lightning '  expedition  off  Cape  Wrath,  lat.  59°  5'  N .,  long.  7°  29'  W., 
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in  189  fathoms,  and  also  a  fragment  sent  to  me  to  examine  by  Mr. 
D,  Robertson,  who  procured  it  from  Faroe!  which  exactly  correspond 
with  Fleming's  brief  description ;  and  as  the  specimens  which  I  have  seen 
are  from  the  north  and  from  the  south  of  Shetland,  there  is  every  like- 
lihood of  its  having  been  found  at  the  intermediate  locality.  A  de- 
scription of  the  species  will  be  given  by  me  in  the  Report  of  the  Inver- 
tebrata  procured  in  the  '  Lightning '  expedition. 


Report  on  the  Chemical  Nature  of  Cast  Iron. — Part  I.  Account  qf 
some  Experiments  made  to  obtain  Iron  free  from  Sulphur.  By  A. 
Matthiessen,  F.R.S.,  and  S.  Prus  Szczepanowski. 

Following  out  the  plan  indicated  in  the  preliminary  report  presented  to  the 
Association  in  the  year  1866,  we  have  been  endeavouring  to  prepare  pure 
iron,  but  have  encountered  greater  difficulties  than  we  expected,  owing  to 
the  great  affinity  which  iron  has  for  sulphur.  Although  we  have  not  been 
able  as  yet  to  prepare  iron  absolutely  free  from  sulphur,  yet  the  results,  as 
far  as  they  have  been  obtained,  may  be  of  interest  to  the  Association,  and 
a  brief  account  of  them  is  given  in  the  following  pages, 

Jn  the  endeavour  to  preparo  pure  iron,  we  always  found  sulphuretted 
hydrogen  on  dissolving  the  metal  in  dilute  hydrochloric  acid.  The  small 
quantity  of  sulphur  contained  in  the  iron  did  not  proceed  from  the  hydrogen 
or  from  the  platinum-tube  in  which  the  oxide  was  reduced.  The  manner  of 
preparing  the  pure  hydrogen  and  the  precautions  taken  with  the  platinum- 
tube  will  be  described  hereafter. 

The  first  series  of  experiments  were  made  by  precipitating  the  hot,  concen- 
trated, clear  solution  of  protosulphateof  iron  by  oxalate  of  ammonium,  washing 
the  precipitate  till  the  wash- waters  no  longer  indicated  sulphuric  acid  with 
chloride  of  barium,  heating  the  dried  oxalate  of  iron  to  redness  in  a  platinum- 
dish,  and  reducing  the  oxide  thus  obtained  in  a  platinum-tube.  The  reduced 
iron  contained  sulphur.  In  all  the  experiments  we  describe  sulphur  was 
tested  in  the  following  manner.  The  iron  was  placed  in  a  test-tube  with  some 
dilute  pure  hydrochloric  acid,  and  the  gases  were  allowed  to  pass  through  a 
small  tube  fitted  into  a  cork  in  the  test-tube,  and  to  impinge  on  a  paper 
moistened  with  acetate  of  lead.  The  evolution  of  sulphuretted  hydrogen,  after 
a  very  little  experience,  moreover  is  just  as  easily  detected  by  the  smell. 

Experiments  were  also  made  with  the  oxalate  of  iron  by  redissolving  it  in 
hydrochloric  acid  and  reprecipitating  with  ammonia,  or  by  dissolving  the  oxide 
obtained  by  heating  the  oxalate  of  iron  in  hydrochloric  acid,  and  reprecipi- 
tating again  by  oxalate  of  ammonium.  In  all  these  cases  the  reduced  iron 
contained  sulphur. 

The  second  series  of  experiments  were  with  iron  obtained  from  the  crystal- 
line oxide.  It  is  well  known  that  when  protosulphate  of  iron  is  fused  with 
chloride  of  sodium,  a  crystalline  oxide  is  obtained.  For  our  experiments  it 
was  of  course  necessary  to  perform  this  operation  in  a  platinum  crucible, 
but  it  was  found  that  the  iron  thus  obtained  contained  a  small  quantity  of 
platinum.  We  therefore  employed  instead  of  chloride  of  sodium  the  sulphate 
of  sodium,  and  obtained  an  oxide  which,  after  being  thoroughly  washed  and 
reduced,  gave  an  iron  containing  no  platinum  but  still  traces  of  sulphur. 
Experiments  were  then  made  by  dissolving  the  crystalline  oxide  in  pure 
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hydrochloric  acid,  and  precipitating  the  solution  by  ammonia,  washing  the 
oxide,  and  reducing  it.  The  iron  thus  prepared  contained  sulphur.  The 
next  experiments  were  made  by  dissolving  the  crystalline  oxide  in  hydro- 
chloric acid,  digesting  with  chloride  of  barium  for  several  days,  decanting 
and  filtering  through  paper  (previously  digested  with  dilute  nitric  acid),  pre- 
cipitating by  ammonia  (distilled  from  ammonia  to  which  chloride  of  barium 
had  been  added),  washing,  and  reducing  the  oxide.  The  iron  thus  prepared 
still  contained  sulphur. 

The  third  series  of  experiments  were  made  with  sublimed  proto-  or  sesqui- 
chloride  of  iron  by  dissolving  it  in  water,  precipitating  with  pure  ammonia. 
Washing,  and  reducing  in  hydrogen.  All  the  specimens  thus  prepared 
contained  sulphur.  The  sublimed  chloride  was  obtained  sometimes  from  the 
red  oxide  prepared  by  heating  the  oxalate  of  iron,  obtained  as  above  described, 
or  from  the  crystalline  oxide  by  dissolving  it  in  hydrochloric  acid,  digesting 
with  chloride  of  barium,  evaporating  to  dryness,  and  subliming  either  in 
platinum  vessels  or  in  porcelain  tubes,  or  in  clay  retorts,  either  alone  or  in  a 
current  of  chlorine  or  of  hydrochloric-acid  gas. 

In  the  fourth  series  of  experiments  the  metal  produced  by  either  of  the 
above  methods  was  submitted  in  the  platinum-tube,  whilst  red-hot,  alterna- 
tively to  the  influence  of  hydrogen  and  oxygen*,  or  hydrogen  and  steam,  or  of 
vapours  of  nitric  acid  and  hydrogen,  or  of  ammonia  vapours,  oxygen,  and 
hydrogen.  In  all  the  cases  the  operation  was  repeated  several  times,  and 
although  sulphuretted  hydrogen  was  given  off  during  these  operations,  yet 
the  iron  always  contained  sulphur. 

Further  experiments  were  made  by  dissolving  the  purest  iron  in  dilute 
acetic  acid,  evaporating  to  dryness  and  heating.  The  metal  obtained  still 
contained  sulphur. 

Also  the  iron  obtained  from  ferrocyanide  of  potassium*  was  found  to  contain 
sulphur. 

In  fact  we  have  never  made  or  found  a  specimen  of  iron  which  did  not 
contain  sulphur.  Even  electrotype  iron,  said  to  be  prepared  from  chloride  of 
iron,  evolved,  by  dissolving  in  dilute  hydrochloric  acid,  a  very  appreciable 
quantity  of  sulphuretted  hydrogen. 

On  the  whole  we  have  made  upwards  of  seventy  series  of  experiments. 

From  the  above  it  will  be  seen  that  we  have  not  yet  obtained  a  method  of 
preparing  iron  free  from  sulphur.  In  fact  one  great  difficulty  is  to  obtain 
vessels  which  will  not  give  up  sulphur  to  the  iron  in  some  form  or  another. 
For  instance,  the  platinum-tube  had  to  be  polished  and  boiled  out  with  acid 
every  time  before  use.  It  may  be  mentioned  that  the  hydrogen  employed 
was  led  through  the  platinum-tube  before  reducing  the  oxide  of  iron  for  a 
quarter  of  an  hour  or  more,  and  yielded  no  sulphuretted  hydrogen. 

Although  no  positive  results  have  been  obtained,  we  have  in  no  ways  lost 
hope  of  preparing  iron  free  from  sulphur.  No  doubt,  on  a  very  small  scale, 
this  might  be  done  without  much  trouble ;  but  we  must  bear  in  mind  that 
our  method  must  be  such  a  one  as  to  allow  the  preparation  of  pure  iron  on 
at  least  the  ounce-scale. 

November  1868. — The  amount  of  sulphur  contained  in  some  specimens 
prepared  since  the  Meeting  of  the  Association  amounted  to  only  0*001  to 
0*005  per  cent.,  the  presence  of  the  former  quantity  being  easily  detected 
both  by  the  smell  as  well  by  the  lead  paper. 

*  Crystallized  from  a  solution  containing  chloride  of  barium. 
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Interim  Report  of  the  Committee  on  the  Safety  of  Merchant  Ships  and 

their  Passengers. 

As  far  as  the  Committeo  had  been  able  to  pursuo  their  inquiry,  it  appeared 
that  no  legal  regulations  were  in  force  in  Great  Britain  affecting  the  loading 
of  merchant  ships ;  but  there  were  regulations  in  force  by  the  Board  of 
Trade  relating  simply  to  vessels  carrying  passengers  or  emigrants,  and  these 
only  related  to  space  as  bearing  on  the  sanitary  condition  of  such  passengers, 
totally  ignoring  their  safety  as  far  as  the  stowage  of  cargo  and  deck-loads 
were  concerned — the  matter  on  which  the  Committee  had  to  report.  In 
order  to  carry  out  effectively  any  regulations,  some  precise  agreement  should 
bo  entered  into  with  all  the  great  maritime  powers,  and  the  deep  draught 
of  every  vessel  should  be  distinctly  indicated  by  a  fixed  and  clearly  denned 
mark,  such  as  a  painted  white  ribbon  extending  about  six  feet  on  each  side 
of  the  stem  as  well  as  stern-post  (not  in  mid-ship),  and  so  distinctly  scribed 
in  wooden  and  cut  into  iron  ships  that  it  could  not  be  tampered  with. 
"When  a  ship  was  so  loaded  by  the  stern  an  average  should  not  be  taken,  but 
when  so  loaded  the  load-line  at  that  point  should  not  be  immersed.  The  load- 
lino  should  be  fixed  by  a  government  inspector.  The  great  loss  of  steamers 
sailing  from  Hull  had  been  occasioned  by  overloading  and  the  shipping  of 
successive  heavy  seas,  the  extra  weight  of  which  had  caused  the  foundering 
of  the  vessels.  Deck-loads  might  be  carried  during  summer  if  well  secured, 
and  boats  when  stowed  should  bo  some  height  from  the  deck,  so  that  the 
water  shipped  should  have  a  clear  passage.  The  lashings  of  the  boats  ought 
to  be  of  rope,  so  that  they  could  be  readily  cut  in  an  emergency.  Crews 
should  be  practised  in  the  lowering  of  boats.  The  regulations  thus  indicated 
ought  to  apply  to  foreign  vessels  entering  or  leaving  British  ports. 


Report  on  Observations  of  Luminous  Meteors,  1867-68.  By  a  Committee, 
consisting  of  James  Glaisher,  F.R.S.,  of  the  Royal  Observatory, 
Greenwich,  President  of  the  Royal  Microscopical  and  Meteorolo- 
gical Societies,  Robert  P.  Greg,  F.G.S.,  E.  W.  Brayley,  F.R.S., 
Alexanders.  HerscheLjF.B.AS., and  Charles  Brooke, F.R.S., 
Secretary  to  the  Meteorological  Society. 

In  the  first  Appendix  of  this  Report,  immediately  following  the  Catalogue, 
will  be  found  the  remarks  of  observers  on  the  appearance  of  the  August  me- 
teoric shower  in  the  current  year,  together  with  the  heights  of  eleven  shoot- 
ing-stars, simultaneously  observed  at  English  stations,  on  the  occasion  of  its 
return.  In  addition  to  these  results,  the  heights  of  several  meteors,  simul- 
taneously observed  in  recent  years  by  Professor  Hcis  and  his  assistants,  are 
contained  in  the  first  Appendix. 

Large  meteors,  star-showers,  and  aerolites  have  continued  during  the  past 
year  to  attract  the  attention  of  observers,  especially  on  the  1st,  28th,  and 
31st  of  January,  and  on  the  29th  of  February  last.  Brief  accounts  of  their 
appearance,  with  other  observations  of  luminous  meteors,  chronologically  ar- 
ranged, are  entered  in  the  Catalogue ;  while  fuller  accounts  of  the  details 
and  attendant  circumstances  of  the  phenomena  are  included  in  the  second 
Appendix  of  the  Report.  The  same  Appendix  also  contains  a  collection  of 
accounts  (chiefly  extracted  from  foreign  sources)  of  the  August  and  November 
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star-showers  in  the  year  1867,  illustrating  the  brief  duration  and  the  limits 
of  the  geographical  area  of  visibility  of  those  showers. 

The  expected  reappearance  of  the  November  meteoric  shower  in  the  year 
1866  was  such  a  rare  occasion  for  careful  observations  that,  in  anticipation 
of  its  return  at  the  appointed  time,  the  calculations  of  astronomers  had  pre- 
viously been  directed  to  determining  the  real  velocities  and  orbits  of  shower- 
meteors.  Of  these  bodies,  the  inquiries  relating  to  the  August  meteor-ring 
led  Mr.  Schiaparelli  to  the  remarkable  discovery  (which  was  shortly  also 
verified  in  the  case  of  the  November  meteors,  at  their  reappearance)  that  the 
orbits  of  those  meteor-groups  coincide  almost  perfectly  with  the  orbits  of 
certain  periodical  comets.  Some  other  investigations,  of  which  recapitula- 
tions, owing  to  the  number  of  observations  of  the  November  meteors  con- 
tained in  the  Catalogue  of  the  last  Report,  were  deferred  by  the  Committee 
until  a  more  convenient  opportunity  should  present  itself  for  abstracting 
them,  are  contained  in  the  last  Appendix  of  this  Report. 

The  entire  series  of  charts  of  radiant-points,  of  four  of  which  lithographed 
copies  were  last  year  exhibited  to  the  British  Association  at  Dundee,  were 
afterwards  printed,  and  bound  together  in  an  Atlas  for  distribution  to  ob^ 
servers,  and  to  scientific  persons  and  societies,  of  whose  names  and  addresses 
a  list  is  given  in  the  same  Appendix ;  and  they  were  forwarded  to  their  desti^ 
nations  at  the  close  of  last  year.  A  new  edition  of  the  Meteor  Atlas  has  since 
been  prepared,  with  three  new  charts,  and  with  the  addition  of  several 
observations  and  improvements  not  contained  in  the  previous  Atlas.  To 
indicate  the  characters  and  positions  of  all  the  radiant-points  at  present 
ascertained  to  exist  in  the  northern  hemisphere,  a  list  of  the  meteoric  showers 
which  it  portrays  accompanies  the  Atlas,  and  is  inserted  in  the  last  Appendix 
of  this  Report.  Some  copies  of  the  new  edition  having  now  been  printed,  to 
assist  in  multiplying  them,  the  Committee  contemplate  offering  the  whole  of 
these  copies  for  sale  to  observers  at  the  lithographer's  price. 

The  direction  of  shooting-stars  in  the  southern  hemisphere  has,  during  the 
past  year,  been  made  the  subject  of  a  Memoir  by  Professor  Heis  and  Dr, 
Neumayer.  A  series  of  nearly  2000  observations,  obtained  by  the  latter 
observer  at  Melbourne  during  the  years  from  1858  to  1863,  having  been 
submitted  to  examination  by  Dr.  Heis,  with  a  view  to  determining  their 
points  of  radiation,  thirty-nine  radiant-points  of  shower-meteors  were  in- 
dicated by  these  researches  in  the  southern  hemisphere.  Four  radiant- 
points  of  Dr.  Heis's  list,  which  is  given  in  connexion  with  the  foregoing  list  in 
this  Report,  appear  to  be  identical  with  four  of  the  seventy-seven  radiant- 
points  observed  in  the  northern  hemisphere,  leaving  seventy-three  separate 
radiant-points  of  meteoric  showers  recorded  in  the  latter  hemisphere  alone. 
The  general  survey  of  meteor-showers,  which  at  present  extends  to  both 
hemispheres,  accordingly  increases  the  total  number  of  radiant-points  now 
recognized  as  clearly  distinguishable  from  each  other  to  about  one  hundred 
and  twelve,  or  double  of  the  number  formerly  reckoned  in  the  list,  as  pre- 
viously stated  in  these  Reports*.  For  the  purpose  of  verifying  and  inves- 
tigating the  connexion  which  apparently  exists  between  certain  of  the  radi- 
ant-points, the  long  duration  and  apparent  fixity  of  position  of  others,  and 
the  dates  of  their  maximum  displays,  a  collection  of  further  observations,  and 
their  regular  discussion  with  a  view  to  circumscribe  the  laws  of  the  appear- 
ances of  meteoric  showers,  will  continue,  on  account  of  their  increasing  astro- 
nomical interest,  to  present  an  important  subject  of  inquiry. 

*  Forth©  year  1864,  p.  90. 
1868.  2  B 
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A  CATALOGUE  OF  OBSERVATIONS 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1755. 
Aug.  15 


h  m 
About  7  30 
p.m. 


Leyden,  Holland 


1862. 
Junel6 


1866, 
Apr.  12 


June27 

July  15 
29 
30 

Sept.16 

Oct.  18 

18 
Nov.  6 


7  15  a.m 
(local  time). 


About  4    0 
a.m. 


10  58  p.m. 

11  14  p.m. 

11  44  p.m. 

12  3  a.m. 


Kingston,  N. 
Adelaide,  S. 
Australia. 


Haverfordwest 
(Pembroke- 
shire, South 
Wales). 

Hawkhurst 
(Kent). 


Ibid. 


Ibid. 


Ibid. 


11  35  p.m.  Ibid 


1  15   a.m. 


1  22  a.m. 


Ibid. 


Ibid. 


Very  large  meteor 
(apparent  diame- 
ter 4  inches). 


7    0  p.m.  Stratford  -  on  . 
Avon. 


Very  large 


Large 


=  2nd  mag.* 

=3rd  mag.* 

1st  mag.*.. . 
=  1st  mag.* 

a  2nd  mag.* 


■*  1st  mag.*.. 

1st  mag.* 
Very  large  .. 


Reddish  nu- 
cleus, fol- 
lowed by  a 
whitish  tail. 


Moderate 
speed. 


Not  globular  but 
oval,  with  a1 
small  tail,  like' 
an  arrow  of 
fire.  Detached 
from  itself  se- 
veral bright 
particles  on  its 
course,  which 
burst,  and  some 
fell  to  the 
ground  without 
bursting. 

Shot  across  the  sky 


White 

White 
White  . 
White 


Orange  yellow 


Yellow 

White  . 
White  . 


0*6  second  .. 

0*4  second  .. 

1-2  second  .. 

0*6  second  .. 

1*2  second  .. 

1*5  second  .. 

0*7  second  .. 


From  2°  north  of 

«    Honorum    to 

2°   north    of    X 

Andromeda;. 
From    «    Draconis 

to  if  Ursae  Ma 

joris. 
From  i  (fi,  r)   to 

i    <?,    d)     Pe- 

gasi. 
From  2  to  i  Came- 

lopardi. 


From  \  U  Pegasi, 

y  Delpnini)  to  •' 
Aquarii.  ) 

From  e  Lyncis  to' 
e  Ursae  Ma-i 
joris. 

From  /3  to  «  Ursae 
Majoris. 

Appeared  first' 

about  30°  or 
35°  altitude,  in, 
S.,  and  sloped 
downwards,  to- 
wards, and  to 
theW. 
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OP  LUMINOUS  METEORS. 


j Appearance ;  Train,  if  any, 
and  its  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


iThe  brightest  particles  ex- 
ploded with  a  noise  like 
thunder,  and  were  so 
observed  to  be  detached 
from  it  in  Flanders  and 
in  all  the  towns  of  Hol- 
land, where  they  were 
seen  over  a  space  of  40 
leagues. 


Like  a  large  body  of  fire.. 


Like  a  ball  of  white  lumi- 
nous matter.  Burst  like 
a  rocket  into  a  series 
of  stars,  and  disap- 
peared. 

Brightest  at  middle  of  its 
course ;  left  a  streak  for 
half  a  second. 


No  train  or  sparks  . 
No  train  or  sparks  . 
So  train  or  sparks  . 

<o  train  or  sparks  . 


locket-like  ;  burst  in  va- 
nishing, leaving  a  large 
train. 


From  N.  to  S.,  appa- 
rently parallel  to  the 
horizon. 


The  splendour  was  such 
as  to  cast  a  perfect 
shadow  of  terrestrial 
objects  on  the  ground. 


From  E.  to  W. 


Accompanied  by  a  loud 
report,  like  that  of  a 
large  cannon. 


Directed  from  \  Persei 


Two  meteors  directed 
from  this  Radiant- 
point,  in  45  minutes, 


From    Radiant    0,    in 
Orion. 

From    Radiant    0,    in 
Orion. 


Two  meteors  in  30 
minutes.  Clear  sky ; 
moon  f  full ;  one  ob 
server. 

Another,  similar  to  it, 
almost  immediately 
afterwards ;  from  €  to 
9  Pegasi. 


Letter  of  M.Mu- 
schenbroeck  to 
M.  dc  Reau- 
mur. "History 
of  the  French 
Academy  of 
Sciences"  for 
the  year  1756. 


Dr.   Neumayer's 
'  Report    of 
Observations 
at  Melbourne, 
1862-67/ 

G.  J.  Symons's 
'  Monthly  Me- 
teorological 
Magazine/ 
May,  1866. 

A.  S.  Herscbel 


Id. 


Id. 


Id. 


Id. 


Id. 


Id. 

Communicated 
by  R.  P.  Greg. 
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Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1867. 
Feb. 10 


h  m 

8  30  p.m. 

(local  time). 


Prance . 


Rather   brighter 
than  Siriue. 


Bluish  white.. 


22 
May  12 

July  18 

Aug.  9 

10 
11 

11 

20 


11    0  p.m, 
(local  time). 


Prom  1  45 
to  3  15  sum, 
(local  time). 


7  30  p.m. 
(local  time). 


8  35  p.m. 
(local  time). 


9  0  p.m. 
(local  time). 

1  0  a.m. 
(local  time). 


2    4  a.m. 
(local  time). 


Prance . 


Large  Bolide 


Appeared  at  £ 
Geminorom ; 
passed  between 
•  and  /3  C&- 
nis  Minoris, 
and  disappeared 
between  •  and 
£  Canis  Ma-| 
joris. 

At  a  small  apparent 
altitude. 


Olivet,  Mich., 
U.S.A. 


Salem,  Pennsyl- 
vania, U.  S.  A. 


Lyons,  France . 


Various 


=i  moon 


France 

Amboise,  France 

Modena,  Italy... 


21 


About  10  0 
p.m. 


Edinburgh 


8  30  p.m.  Moncalieri, 
(local  time).     Turin,     Pied, 
mout. 


Half  apparent  di 
ameter  of  moon. 


Large  meteor  , 
Large  meteor  , 


Bright  red 


1  second 

About  30  sees. 


Larger  and  brighter 
than  ty. 


Very  large 


Vivid  blue   ...  Slow  motion... 


Very  large 


Bright  red 


At  about  40°  ele-] 
vation  in  the 
N.E.  to  S.EJ 
quarter  of  the| 
heavens.  j 

From  Cassiopeia  to 
Polaris. 


At    altitude      30°, 

above  the  horizon.! 

In  the  zenith i 


Prom    near    C    to 
near*  Draconis. 


Appeared  to  rise 
in  the  sooth,  and 
travelled  in  a 
northerly  direc- 
tion nearly  across 
the  whole  sky. 


Appeared  first  just 
below       Ursa 
Major,    in     the 
N.W.,  and    dis- 
appeared in  the 


S.E. 


I 
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Appearance  ;  Train,  if  any, 
and  its  Duration. 


1  The  nucleus  divided  itself 
into  seven  parts,  each 

(  part  as  bright  as  a  2nd 
mag.  star. 


Length  of 
Path. 


Twenty-eight 
stars. 


shooting- 


Train  4°  long '.. 


Left  a  bright  white  streak 
for  15  seconds. 


Consisted  apparently  of 
hundreds  of  smaller 
meteors  moving  to- 
gether; left  a  streak  of 
light  for  some  time. 

Left  a  bright  broad  streak, 
which  remained  visible 
three  minutes. 


V  ball  of  fire,  followed  by 
a  streaming  fiery  tail. 


72° 


20° 


50° 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


From  S.  to  N.. 


[From     precisely     the 
W  G  Radiant.— R.  P. 

Greg.] 


From  W.  to  E. 


Moved  in  the  direction 
from  Amboise  to 
Tours. 


Directed  from  the  usual 
Radiant-point  in  Per- 
seus [?  from  Pegasus]. 


Produced  a  fash  like 
lightning;  thirty  or 
forty  seconds  after 
wards  a  report  like 
distant  thunder  was 
heard. 

"There  seemed  to  be 
a  tendency  to  radi- 
ate from  a  region 
north  of  Aquarius, 
between  that  con- 
stellation and  Pe 
gasus." 


The  light  of  the  meteor 
was  seen  as  far  as 
Poce\ 


Observer. 


Four  drawings,  and  a  de- 
scription of  the  streak  of 
this  meteor  accompany 
D.  Ragona's  Report  on 
the  August  meteors  in 
1867  (see  App.  II.) 
Lighted    up    the    road 
with  a  sudden  radi- 
ance.       Midway,  it 
paused,    and  seemed 
fading  away,  but  im- 
mediately afterwards 
it  resumed  its  course 
with   increased   bril 
liancy. 
The  meteor  seemed   to 
pass  below  the  clouds, 
in    the    S.E.,  which 
were  not  more  than 
1000  feet  above  the 
earth. 


Annee  Scienti- 
fique,'  of  M. 
Figurier,  for 
1867,  p.  38. 


M.  Bellanger; 
Ibid. 


Prof.  Hewitt  and 
Mr.   Gaines, 
Am.    Journ. 
Sci.,  2,  xliv., 
129. 


American  Journ. 
of    Science, 
1867. 


M.  Rias,  'An- 
nie   Scienti- 
fique'forlSe?, 
p.  42. 

M.    Negrier, 
Ibid.  p.  43. 

M.    Ducal, 
Ibid.  p.  42. 


D.  Ragona, 
'Meteorologia 
Italians/  Sup- 
plement, 1867. 


Edinburgh 
1  Courant.' 


'Annie  Scienii- 
fique' for  1867, 
p.  43. 
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REPORT 1868. 


Date. 


1867. 
Sept.15 


30 

Oct.  1 
2 
2 
2 

15 


Hoar. 


Place  of 
Observation. 


h  m 

11     4  p.m.  Clapham, 
London. 


6  40  p.m. 


11  14 

12  22 
1  4 
1  12 

About 
p.m. 


p.m. 


Ballater,   Scot- 
land. 


Hawkhurst 
(Kent). 
a.m.  Ibid  ; 


a.ra 
a.m. 

5  30 


Ibid. 
Ibid. 

Ibid. 


15  About 

|    p.m. 

18  10  55 

1811     5 


18  11  10 
1811  30 

18 

18 
18 


5  30  London 


p.m  Hawkhurst 

|     (Kent), 
p.m.  Ibid 


p-m.lbid. 
p.m.  Ibid . 


11  3*   p.mJlbid. 


p.m. 


Ibid. 


11  44 

11  53  p.m.  Ibid. 


Very  large 


Apparent  Size. 


Colour. 


One  quarter  of  the 
apparent  diameter 
of  full  moon. 


=  1st  mag. «... 
» 1st  mag.ft 
=3rd  mag.* 
=  2nd  mag.ft 


White  in  first 


its  course ; 
then  red,  with 
train  of  red 
sparks. 


Duration. 


Motion  remar- 


one-third    of  kably     equal 


andslow.  Not 
more  than  3 
seconds  while 
in  sight. 

..    Tleiaies 


Position,  or 

Altitude  and 

Azimuth. 


Apparent  path  as 
in  the  annexed 
sketch. 


U  Ceti 


•  # 


White 

White 
White 
White 
White 


Aldebaran.    Disappeared  below  «  CetU 


Two  or  three  Appeared  first  near 


seconds. 


1*8  second 


the    square     of 
Ursa  Major.         i 


I '2  second 


'As    large     as    a 
cricket-ball.' 


As  bright  as  Jupiter 

(then  visible). 
=  2nd  mag.ft   ... 


=2nd  mag.ft 


=  2f 

= 3rd  mag.ft 

=  3rd  mag.* 

=3rd  mag.ft 
»  3rd  mag.ft 


Quick;   about 
1  second. 


Yellow     .. 
Yellowish 


Orange  yellowiO'8  second  . 
Yellow     1  sec.,  slow. 

Yellow     0*6  second  . 

White  |0'5  second  . 

Yellow     0*8  second  . 


From  c  Cephei  to 

I     o-.Draconis.  ! 

1  second From  0  to  ir  Gemi-. 

I    norum. 
0'4  second  ...  From  9,  halfway  to 
€  Auriga?. 

From  /  Draconis 
to  0  Ursae  Mi- 
noris. 

From  about  Po- 
laris to  near  the 
head  of  Lynx. 
(Stars  just  be- 
ginning to  be! 
visible.) 

A  little  north  of 
due  east.  | 

From  <p  to  B  Ursae 
Majoris.  i 

From  •  Pegasi  to! 
oi  Piscium. 

First  appeared  at  fi\ 
Cygni.  ' 

From  $  (e  Moscae,' 
K  Arietis)  to. 
Pleiades. 

From  r  Piscium 
to  §  («  An-' 
dromedae,  •  Pe-| 
gasi). 

From  v  to  £  An^ 
dromedae. 

From  y  Ursae  Mi-j 
noris,  halfway  to] 
/3  Draconis. 


0*9  second 
1*2  second 


19jl0  54  p.m.lbid Ulstmag.* [White  1-5  second 


.jFrom   ri  Cephei  to 
17  Lyra?. 
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Appearance;  Train,  if  any, 
and  ita  Duration. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


Resembled  the  magnesium 
light,  as  seen  in  balloons 
on  a  night  equally  moon- 
light ;  disappeared  with- 
out bursting ;  left  a  train 
on  its  course. 


Half  the  di 
stance  be- 
tween the 
moon  and 
•  Ceti. 


Directed,  in  its  apparent 
path,  exactly  from  the 
moon.  Course  slightly 
undulating. 


Burst  into  several  pieces. 
Left  no  streak. 


About  30°.. 


Inclined  thus — 


Beginning  of  the  me-! A.  Finch, 
teor's  flight  not  seen. 
The  moon's  place  tool 
distant  to  be  drawn, 
in  the  same  figure.) 
So  brilliant  was  the. 
light  as  completely' 
to  overpower  that  ofj 
the  full  moon  in  a, 
cloudless  sky. 


Seen  in  twilight;    1st  Communicated 


S 


mag.  stars  just  visible; 
no  report  heard. 


Left  no  streak 
Left  no  streak 


Left  a  bright  white  streak 

for  half  a  second. 
Left  no  streak     


byA.S.Herscbel. 

A.  S.  Herschel. 

Id. 

Id. 

Id. 


Burst  with  sparks, 
no  visible  streak. 


Left 


20° 


Almost  perpendicularly, 
thus — 


\ 


Seen  by  several  persons  Communicated 
standing  near  together,  by  A.S.  Herschel. 
who  called  each  other's 
attention  to  it ;  no  re- 
port heard. 


Left  a  train 

Left  a  streak  for  1  second 

Brightest  at  the  middle  of  • 
its  course.  Left  no 
streak. 

Left  a  broad  yellow  tram 
for  5  seconds. 

Left  no  streak     


12° 


No  train  or  sparks  , 
No  streak  left     .... 


Pell  almost  perpendicu- 
larly. 

Directed  from  near  v 
Ononis. 


Path  not  rectilinear 


Directed  from  *  Cygni.. 


W.  B.  Davis. 
A.  S.  Herschel. 
Id. 


Brightest  in  the  middle  Id. 
of  its  course.  I 
Id. 


Id. 


Directed   from   Cassio- 
peia. 


Left  a  streak  for  1£  second Directed  from  vOrionis 


Brightest  in  the  middle  Id. 

of  its  course. 
Nine    meteors    in    onejld. 

hour  ;       clear    sky  ;( 

moon  half-full;  one* 

observer. 

'id. 
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KEroRT — 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1867 
Oct.  19 


19 

19 
19 
19 
19 
19 
19 
19 

19 

20 
20 

20 

20 
20 
20 
20 

20 
20 

20 

20 
20 


h  m 
11     6 


11  11  p.m. 


11  17 
11  24 
11  27 
11  35 
11  38 
11  43 
11  45 

11  55 

12  8 
12  15 


p.m. 
p.m, 
p.m 
p.m. 
p.m, 
p.m, 
p.m, 

p.m 

a.m. 
a.m. 


12  16  a.m. 


12  24 
12  27 
12  36 
12  44 

1  10 
1  11 


a.m. 
a.m 
a.m, 
a.m. 

a.ro. 
a.m. 


10  3C  p.m. 


10  41 
10  43 


p.m. 
p.m. 


Hawkhurst 
(Kent). 

Ibid 

Ibid 

Ibid 

Ibid , 

Ibid 

Ibid 

Ibid 

Ibid , 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid  

Ibid 


=  1st  mag.*... 

==3rd  mag.* 

=2nd  mag.* 
=2nd  mag.* 
=3rd  mag* 
=3rd  mag.* 
=2  nil  mag.* 
=  Ist  mag.* 
=3rd  mag.* 

=2nd  mag.* 

=2nd  mag.* 
=2nd  mag.* 


=  1st  mag.*.. 


=2nd  mag.* 
=2nd  mag.* 
=  1st  mag.*... 
= 1st  mag.*... 


Brighter   than  1st  White 
mag.* 


White  .. 

White  .. 

White  ., 
White  .. 
White  ., 
White  .. 
White  .. 
Orange 
Yellow 

White  ., 

White  ., 
While  .. 

White  ., 

White  .. 
White  .. 
White  .. 
White  .. 


Brighter  than  1st 
mag.* 

=2nd  mag.*  


a  2nd  mag.* 


White 


White 


2    seconds ; 
very      slow 
motion. 

1*4  second 


From  0  to  c  Cygni 


0*5  second 
0*4  second 
0*7  second 
0*5  second 
0*6  second 
0*8  second 
0*5  second 

0*6  second 

0-8  second 
0-5  second 

0*5  second 

0*4  second 

0*6  second 

1*5  sec;  very 

slow  speed. 

1  second 


From  i  (m  X)  Ho-| 
norum  to  f  La- 
cert*. 

Centre  of  path  at 
/3  Cassiopeia*.      , 

From  fi  to  g  Pe- 
gasi. 

From  y  to  61  Ceti.. 

From   m   Cu 
]    to  x  Cephei. 
Disappeared    at    r 
I    Cygui. 

From  %  Piscium  to 
,     9  Pegasi.  | 

'Disappeared   at    i( 
I    (•,  k)  Peraei       | 

From  c  Muscat  to, 
jj  Andromeda;.    I 


0*8  second 
I  second  ... 


1  second  . 


White ».  1  second 


! 


=3rd  mag.*   Yellow 0*2  second 


From  r  Urate  Ma-t 

joris  to  cDraconiaJ 

From  e  Ursa  BfiJ 

noris  to  +  Dra- 

conis,  and    half 

as  far  further. 

Centre  of  path  2° 

north  of  Pleiades. 

From  *  Lyncis  to! 

M  CamelopardL  ' 
From  fi  Persei  to  J 

($,  e  Casaiopdae). 
In  head  of  Aries... 

From  N  Came- 
lopardi  to  y\ 
Ursas  Minoriatl 
and  8°  further. 

From  h  Lacertae  to! 
A*  Cygni.  ! 

From  e  Cephei  to; 
s  Cygni 

From  i  (0,  a)  An- 
dromedae  to  £ 
(ij  Pegasi,  «  La- 
cert*). 

From  rj  Piscium  to 
g  Pegasi. 

From  17  Cygni  to  * 
Vulpecuhc.  I 
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Appearance;  Train,  if  any, 
and  its  Duration. 


Drew  a  trai  n  of  red  sparks  Very    short 
3°   long;    disappeared     course, 
gradually ;        left     no 
streak. 

Left  a  streak  for  1  second 


Left  a  streak  for  1  second 

Left  no  streak    , 

Left  a  streak  for  1£  second 
Left  a  streak  for  £  a  second 
Left  a  streak  for  £  a  second 


Coursejfrom 
•  Honortim. 


Left  a  broad  pale  streak 
for  2  seconds. 


-eft  a  streak  for  2  seconds 

*ef  t  a  streak  for  £  a  second 
.eft  a  streak  for  2  seconds 


eft  a  bright  streak  for  2 
seconds. 


eft  a  streak  for  1  second 


•ft  a  bright  streak  for  2 
seconds. 


ft  a  bright  streak  for  3 

seconds. 

ft  a  broad  streak  for  3 

seconds. 

ft  a  streak  for  2  seconds 


ft  a  streak  for  2\  seconds 
ft  no  streak    


Length  of 
Path. 


12° 


8° 


12° 


Very    short 
course. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Directed  from  feet  of 
Gemini. 

Directed  from  r  Tarandi 


Remarks. 


Directed  from  v  Orionis 

Directed   from  feet  of 

Gemini. 
Directed  from    •    Ho- 

norum. 
Directed   from  feet  of 

Gemini. 
Directed  from  y  Gemi- 

norum. 


From  v  Orionis 


From  v  Orionis 


From  feet  of  Gemini 


Another,  almost  simul 
taneously  with  it,  in 
the  same  path. 

Principal  Radiant-space, 
on  the  nights  of  the 
18th  and  19th,  a  circle 
of  2°  or  3°  radius 
round  v  Orionis. 


Directed  from  /3  Tauri..  Brightest  in  the  middle 
of  its  course ;  directed 
from  feet  of  Gemini. 


Directed  from  v  Orionis 
From  v  Orionis  


Almost  stationary 


From  feet  of  Gemini  ...Another,    from    Orion, 
more  to  E.,  soon  after 

Fn.m  feet  of  Gemini  ...Clear  sky;  half  moon... 


From  head  of  Orion   .. 


From  head  of  Orion 


Three  other  small 
meteors,  from  Orion, 
in  15  seconds. 

Three  other  small 
meteors,  from  Orion, 
about  this  time. 


Observer. 


A.  S.  Herschel. 

Id. 

Id. 
id. 
Id. 
Id. 
Id. 
Id. 
Id. 

Id. 


Id. 
Id. 

id. 

Id. 
Id. 
Id. 
Id. 

Id. 
Id. 

Id. 

Id. 
Id. 
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BEPORT 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1867. 
Oct.  20 


20 


h  m 
10  52 


p.m, 


Hawk  hurst 
(Kent). 


10  55  p.m.  Ibid 


20 
20 

20 

20 

20 
20 

20 

20 

20 
20 


10  56 
10  57 


p.m. 
p.m. 


11    3  pan. 


11    7  p.m. 


11  11 
11  13 


p.m, 
p.m. 


11  15  p.m. 


11  17  p.m. 


20 
29 


11  21 


11  45 


p.m. 
p.m. 


Ibid. 
Ibid. 

Ibid. 

Ibid. 

Ibid. 
Ibid. 

Ibid. 
Ibid. 

Ibid. 
Ibid. 


Ibid. 


=3rd  mag.* 


White 


=2ndmag.*  White 


=  1st  mag.* 
=3rd  mag.* 

=3rd  mag.* 


Brighter  than   lst|White 
mag.* 


11  50  p.m 

About  9  30  Glasgow,     Scot 
p.m.         !    land. 


=2nd  mag.* 
=2nd  mag.* 

=3rd  mag.* 
=2nd  mag.* 

=3rd  mag.* 
=  1st  mag.* 


=  1st  mag.* 


Half   apparent  di 
ameter    of    the 
moon. 


White 
White 

White 


0*6  second 
1*2  second 

0*8  second 
1  second  ... 


White 
White 

White 
White 

White 


0*5  second 

1*1  second 

0*7  second 
0*8  second 

0*6  second 
0*7  second 

0*6  second   ... 


Yellowish  Slow  speed 
white ;  train!  1*2  second, 
and  sparks! 
orange  -  red' 
and  yellow,  j 


From    i      (v,    £) 

Ceti    to     I    Pi- 

i     scium,    and    4~ 

I     further. 

From  i  (•,/>)  Per- 

|     sei  to  i  («  Tri- 

anguli,«Ajietis)t) 

and  half  as  far 

further. 

From  i  (/8,  e)  to  £ 

Ononis. 
From     8     Andro- 
raedae  to   i  (/*,' 
/3)  Pegasi. 
From    C    Camelo- 
pardi  to  £  (e,  i) 
Cassiopeia*,   and 
5°  further. 
From  i  (lx  C*k,p 
j     Piscium)     to   p- 

Piscium. 
.Commenced   at    C 
I     Draconis.  j 

From  a  Tarandi  to, 
/3Cephei,  and  Az 
further.  I 

From  J  (o#  Ce- 
|  .phei,  «  Drsco-j 
1  nis)  to  to  Dra- 
I     conis.  I 

From      29      Ursae 
Majoris  to  4  (ay 
S)      Ureas     Mi- 
noris,     and     4; 
further. 
From      k     Cassao- 
I    peiae    to    c    Ce- 
>     phei. 

;From  9   to   *  La- 
certa?. 


White 0*8  second    . . .  From  g  Psalterii  to 

j  |     l  Eridani. 

Yellow  and  red  Less  than  1  sec.  At  altitude    about 
45°,  in  the  N.E. 
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Appearance;  Train,  if  any 
and  its  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


,eft  a  streak  for  l\  second 
.eft  a  streak  for  2  seconds 

eft  a  streak  for  1£  second 
eft  a  streak  for  £  a  second 

eft  a  streak  for  1  second 

sft  a  broad  bright  streak 
for  3£  seconds. 

jft  a  streak  for  2  seconds 

►ft  a  streak  for  2  seconds 

ft  a  streak  for  1  second 
ft  a  streak  for  1£  second 

ft  a  streak  for  1  second 


jan  and  ended  small. 
V  brilliant  orange 
rellow  traiu  and  red 
parks,  3°  long,  fol 
owed  the  nucleus,  and 
emained  visible  half  a 
econd. 
t  a  streak  for  2  J  seconds 

ileus  elongated;  front 
art  bright  yellow,  fol- 
>wed  by  red  streamers 
nd  sparks. 


15° 


Short 


Directed  from  v  Orionis 


From  Auriga 


A.  S.  Herschel. 


Id. 


From  near  v  Orionis 
From  v  Orionis  


From  v  Orionis 


From  near  v  Orionis 


Directed  from  <o  Cephei 
From  feet  of  Gemini  ... 


From  Radiant  in  Orion 


From  Orion 


From  Radiant  LHP  in 
Hydra. 


From  belt  of  Orion 


From  Radiant,  in  Cas- 
siopeia. 


No  other  meteor  seen 
in  the  last  interval; 
moon  rising ;  clear 
sky. 


Id. 
Id. 

Id. 

Id. 

Id. 
Id. 

Id. 

Id. 

Id. 
Id. 


From  v  Orionis  .... 
Curved  path,  thus : 


It  appeared  largest  and 
brightest  when  turn- 
ing, when  it  gave  off 
numbers  of  red  sparks. 


Id. 

G.  Haley  and  W. 
Miller. 
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REPORT — 1868. 


Date. 


Hoar. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1867. 
Nov.13 


14 


h  m. 
Between  10  Cape 


14 


14 


14 


45  p.m. 

and     day. 

break     on 

the  14th. 
Between  1 

and  6  a.m. 
(local  time). 


Between  4 
5  a.m.  and 
5  54  a.m. 

(local  time). 


Between  1 
10  a.m.  and 
5  30a.n 

(local  time). 


Between  1 
32  a.m.  and 
5  34  a.m. 

(local  time). 


15 


19 


Dec22 


Between  1 
52  a.m.and 
3  34  a.m 

(local  time). 

10  20  p.m. 


5  55  p.m 


18C8. 
Jan.   1    7  27   a.m 


About  7  30 
a.m. 


of 


Hope, 
Africa. 


Good  Bright  meteors 
South 


Magnetic  Obser 
vatory,  Toronto, 
Canada. 


Dudley  Observa- 
tory,    Albany, 
New    York, 
U.  S.  A. 


Newhaven,  Con- 
necticut,U.S.A. 


Nassau,  N.  P., 
Bahamas,  W 
Indies. 


Cape  of  Good 
Hope  Obser- 
vatory, South 
Africa. 

Birmingham    ... 


Prange      and! 
green,  &c. 


Star-shower.. 


Star-shower.. 


Star-shower.. 


Star-shower., 


Ibid. 


Bright  meteors 


Orange      and 
green,  &c. 


= 3rd  mag.*   Blue 


=  4th,    2nd,     4th, 
1st  mag.  stars. 


Dull     blue, 
white,  blue, 
white. 


Ropley    (Hamp-  About  three  times  Pale    straw     5  seconds 


0*5  second 


Slow     speed ; 
2*5  seconds. 


shire). 


Hawkhurst 
(Kent). 


as  bright  as  Ju-j    colour, 
piter  appears  at 
its  brightest 


Large  meteor  , 


White 


About  2  sees. 


From  •  to  y  Ursa- 
Minoris. 


Prom     w     Andro-j 
medss  to  c  Pegasi. 


Disappeared  at  an 
altitude  of  about 
30°,  due  east. 


Nearly  over  the] 
point  of  sunrise,! 
a  few  degrees 
above  the  ho- 
rizon. Centrr, 
of  streak  abom 
35*  east  from 
magnetic  S. 
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Appearance ;  Train,  if  any, 
and  its  Duration. 


Sine  meteors  observed 


!267  meteors  seen  in  five 
hours. 


301  meteors  observed  in 
one  hour  and  fifty-one 
minutes. 


.bout  5000  meteors  ob- 
served in  five  hours. 


040  meteors  observed  in 
one  hour. 


f  meteors  observed 


ft  no  streak 


ft  a  luminous  streak, 
which  remained  visible 
twenty  minutes.  (See 
Appendix  for  its  de- 
scription.) 

sappeared  gradually. 
Left  a  broad  white 
streak  like  a  bright 
lilvery  cloud. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Prom  Radiant  A1( 


Remarks. 


Bright  moonlight,  hazy 
inE. 


Maximum  number 
counted  in  10  minutes 
by  four  observers,  430 
meteors,  between  4b 
10m  and  4h  20™  a.ra, 

Maximum  of  frequency 
at  4h  3lm  a.m.,  viz. 
47  in  one  minute 
five  observers,  of 
whom  two  were  con- 
tinually  on  the  watch. 

Maximum  frequency  43 
meteors  in  one  minute 
for  one  observer,  at 
4h  35m  a.m. ;  strong 
moonlight ;  clear  sky. 

Maximum  frequency  15 
per  minute  for  one 
observer,  at  4b  25'" 
a.m.  Seen  also  at 
Trinidad,  1600  me- 
teors, between  2*  a.m. 
and  daybreak ;  and  at 
Martinique. 

Bright  moonlight;  sky 
clear. 


Sky  clear  at  10h  p.m. ; 
one  meteor  in  30  mi 
nutes ;  sky  overcast 
on  the  nights  of  the 
20th  and  21st. 

Showed  two  minima 
and  two  maxima  of 
size,  with  correspond- 
ing changes  of  colour 
and  brilliancy. 


Observer. 


G.  W.  H.  Mac 
lear,  R.A.S., 
4  Monthly 
Notices/  vol. 
xxviii.  p.  52. 

Americen  Journ. 
of   Science, 
Second  Series, 
vol.  xlv.  p.  84, 


Ibid.  pp.  87-89. 


Ibid.  pp.  78-82, 


R.A.S.*  Monthly 
Notices,'  vol. 
xxviii.  p.  54. 


G.  W.  H.  Mac- 
lear,  Ibid.  p.  53 

W.  II.  Wood. 


Id. 


k.  Harding, 
1  The  Globe/ 
Jan.  3. 


Seen  in  twilight.    The  Communicated 
streak    resembled    a'byA.S.Herschel, 
cloud  lighted  up  by 
the  rising  sun. 
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REPORT — 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


! 


1868. 
Jan.   I 


h  m 
About  7  80 


Hurstpierpoint 
(Sussex). 


Very  large 


1 


About  7  30 
a.m. 


About  7  30 


Woodford,  Salis- 
bury. 


Shirley  Warren, 
Southampton. 


Large  fireball 


Size  of  a  common 
rocket  seen  a 
quarter  of  a  mile 
off. 


About  7  80 


7  30  a.m. 


St  Helens,  Isle 
of  Wight. 


Freshwater,  Isle 
of  Wight. 


Apparent    size   of 
the  full  moon. 


1 


Evening  .. 


10  25  p.m, 


11  29  p.m. 


Birmingham 


Hawkhurst 
(Kent). 


Ibid. 


White 


Less  than  30 
seconds. 


Large  meteor 


Rainbow 
colours. 


Burst  and  disap- 
peared at  a  point1 
10°  above  the! 
horizon,  15°  east 
from  south. 


Pint  appeared  in 
the  east;  it  then! 
shot  across  to- 
wards the  south. 


About  10°  or  15° 
above  the  E.S.E. 
to  S.S.E.  ho- 
rizon. Centre  of 
the  path  exactly1 
over  the  spot 
where  the  sun 
was  about  to  rise. 

Began  in  S.S.E. 
and  ended  in  the; 
south. 


Moved  rather 
slowly. 


Passed  from  N.E. 
to  S.W.,  about; 
35°  above  the 
horizon,  and 
disappeared  is 
clouds,  which 
were  about  10° 
above    the    ho- 


=3rd  mag.* 


=2nd  mag.# 


White 


White 


1*4  second 


0*6  second 


Commenced 
to  Castor. 


dose 


From  k  Draconia  to 
*  (K,  M)  Came- 
lopardi. 
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\ppearance ;  Train,  if  any, 
and  its  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


-•ike  a  Roman-candle-ball. 
Buret,  and  left  two 
patches  of  vapour,  form- 
ing a  single  horizontal 
streak  of  smoke,  which 
floated  eastward  and 
persisted  more  than  half 
an  hour. 


urst  like  a  rocket.  Left 
a  white  streaming  light, 
which  remained  in  sight 
for  full  a  quarter  of  an 
hour. 

>cket-like.  Disappeared 
without  bursting,  and 
left  a  narrow  light — tail 
behind  it  through  the 
whole  of  its  course. 
(See  Appendix  for  de- 
scription.) 


tsembled  a  comet,  leav- 
ing in  its  wake  a  bright 
stream  of  light,  which 
remained  visible  for  half 
an  hour. 

e  meteor  did  not  burst 
before  it  disappeared, 
but  left  a  broad  trail 
>f  white  light  60°  in 
length  ;  which  was  not 
?et  overpowered,  by  the 
mnlight  at  8h  5m  a.n 


10° 


:leus  with  sparks ;  left 
o  streak. 


E.  to  W. 
zontal. 


nearly  hori- 


Bearing  of  the  point  of 
disappearance  (in  the 
direction  of  Wolson- 
bury  Hill)  by  Ord- 
nance Map.  Altitude 
by  a  trigonometrical 
observation.  Proba- 
ble error  of  the  po- 
sition not  more  than 
one  degree. 


Directed    from    y   Ge- 
roinorum. 


Produced  a  great  light 
in  the  sky. 


From  a  broad  straight 
line  the  streak  as- 
sumed the  form  of 
a  zigzag  wave,  com- 
posed of  several 
parts,  which  appeared 
to  the  eye  to  be  about 
three  times  as  long 
as  they  were  broad; 
no  report  heard. 

Overcast ;  night  of  the 
2nd  clear;  an  occa- 
sional watch  kept,  but 
no  meteors  seen. 

Two  other  small  meteors 
at  10h  40*  and  10* 
50m  p.m.,  in  Orion 
and  Canis  Minor. 

Four  meteors  in  1  hour ; 
sky  |  clear ;  no  moon ; 
one  observer.  On  the 
2nd,  sky  clear  till  9h 
p.m.;  no  meteors  seen, 


A.  R.  Wallace, 
«  Daily  Tele- 
graph/ Jan.  2. 


R.C.M.,    'The 
Standard/ 
Jan.  3. 


F.  L.  Wollaston, 
'  Morning 
Advertiser/ 
Jan.  3. 


The  Standard,1 
Jan.  3. 


H.M.W.,  'The 
Times/  Jan.  2. 


W.  H.  Wood. 


A.  S.  Herschel. 


Id. 


Digitized  by 


Google 


360 


REPORT— 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868 
Jan. 12 


h   m    s 

4  45  p.m, 


Selkirk,  Scotland 


Large  meteor  , 


23 


23 


29 


30 


30 


30 


30 


30 


Feb.  15 


Evening 
(local  time). 


About  8  0 
p.m. 

From  4  30 
a.m.  till 
daybreak. 

6  49  56 
p.rn. 
(D.M.T.) 


About  7  p.m 
(Breslau 
time). 


About  6  45 
p.m. 
(Breslau 
time). 

Evening  ... 


6  55  p.m 
(O.M.T.) 


11  33  p.m 


Sale,      Victoria, 
S.  Australia. 


Large  meteor  , 


Glasgow 


About  equal  to 
Venus  at  its 
brightest 


White 


Several  sees... 


2£  seconds 


Bergamo,  Italy.., 


Various  sizes 


Dantzig 


Breslau 


Very     large     and  G  rcen 
bright  meteor. 


Half  apparent  di 
ameter  of  the 
moon;  well  de- 
fined disk. 


Ibid. 


Bluish  green., 


Ragendorf, 
Hungary. 


Ofen 


Apparent  diameter  Red,      tinged 
of  the  full  moon,     with  yellow. 


Large  meteor;  2  orjRed ;  the  train 
3x$.  of  many  co 

lours. 


Half  apparent  di- At    first    red, 


ameter 
moon. 


of    the 


London 


=  «  Leonis  , 


then  green 
ish    blue, 
then  white. 


White 


Ended  its  course 
exactly  at  the 
apparent  place 
of  Venua. 


In  the  N. 


In  the  S. 


2  seconds  ...  From  0  Ononis  (ii 
the  S.S.E.)  to 
Sinus  (8°  above 
the  horizon,  46° 
8'  E.  from  S.). 


1  sec.  while  in  In  the  N.E.     From 
sight.  !    *  Ursas  Majors 

towards  0  Leonis, 
disappearing  4" 
or  5°  above  the 
horizon. 


2  or  3  seconds; 
slow  speed. 


4  or  5  seconds 


5  or  6  seconds 


In  the  N.E.,  de- 
scending from 
a  considerable 
height  to  the 
horizon. 

First  appeared  near 
«  Draconis,  and 
passed  between 
e,  £  Ursas  Ma- 
joris  towards  the 
horizon. 

FromCorona,  across- 
P  Ursae  Minora, 
and  between  « 
and  /3  Aurigs 
towards  the  ho- 
rizon. 

«=     ^^= 

From  135°-f  16i: 
to     120  + 1 
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Appearance;  Train,  if  any, 
and  its  Duration. 


Bant  with  sparks  at  dis 
appearance. 


Left  a  luminous  line  in  its 
wake;    burst  into    in- 
numerable        brightly 
coloured     particles    at 
disappearance. 

Disappeared,  and  then  re. 
appeared  again,  further 
on,  almost  like  another 
meteor. 

Sixty  meteors  mapped  in 
two  hours,  and  seventy 
others  counted  before! 
daybreak.  1 

Burst  with  a  flash,' 
scattering  spsrks  in  all 
directions.  Left  a  mo- 
mentary streak,  which! 
appeared  to  consist  of 
sparks  where  the  meteor 
burst. 

Dazzling  at  first;  form 
undistinguishable ;  fol- 
lowed at  last  by  a  small 
red  train.  Disappeared 
without  bursting. 


Pear-shaped,  round  below, 
and  ending  in  a  point. 


At  first  a  small  shoot 
ing-star;  it  became  a| 
large  fire  between  c 
and  Z  Ursss,  and  pro-; 
ceeded  thence  to  the  ho- 
rizon, scattering  sparks 
on  its  coarse. 

A  large  fireball   


Direction ;  noting  also 
Length  of      whether  Horizontal,    | 
Path.      -      Perpendicular,  or      j 
I  Inclined. 


Remarks. 


Another  Urge  meteor, 
seen  at  Ardrossan  on 
an  early  Sunday 
evening  in  the  same 
month,  disappeared 
in  the  direction  of 
Lochwinnoch  (North 
Ayrshire). 


Described  an  are  of  a 
segment  of  a  circle. 


Clear  sky 


;w.  to  E. 


Dull  train,  and  streamers 
from  the  nucleus. 


Vertically  down,  from 
S.W.  by  W.  to  N.E. 
byE. 


Quite  vertically  down... 


Pretty  distinct  Radiant- 
|  point,  in  Corona;  at 
a  -233°,  t  =  +26 
(G.  V.  &). 
The  brilliancy  of  the 
meteor  was  very  uni- 
form throughout.  [A 
shower  of  stones  fell 
at  Pultusk,  see  Ap- 
pendix II.] 

Passed  behind  a  cloud, 
which  it  lighted  up 
brilliantly  from  N.  to 
E.,  and  reappeared  as 
a  red  fireball  falling 
nearly  to  the  ho- 
rizon. (See  Appcn. 
dix  II.). 

Lighted  up  all  objects 
with  a  dazzling  light. 


Illuminated  the  cTouds 
near  the  horizon  for 
one  second  with  a 
light  like  red  fire. 


Observer. 


W.  Brown. 


Melbourne 
Post.' 


P.  Innes. 


M.  Zezioli. 
Communicated 
by  G.  V.  Schia- 
parelli. 

—  Kayser.  Note 
by  J.  G.  GaUe. 


-  V.  Sichart. 
Note  by  J.  G, 
GaUe. 


SchlesischeZei- 
tung,'  Jan.  31 


—  Schuh.    Note 
by  J.  G.  GaUe. 


N.  to  S.,  passing  over-  ["Corona"  not  yet  risen.  F.  Schenk.  Note 
head.  A     different    meteor     by  J.  G.  Galle. 


About  17 


Inclined  downwards  to 
right. 


A  different  meteor 
from  the  preceding 
one.] 


A  smaller  meteor  from 
same  Radiant  at  llb 
40m  p.m. 


T.  Crumplen. 


1868. 
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REPORT 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868. 
Feb.  16 


30 


h  m 
About  9 

p.m. 
(local  time), 


20 

25 
Mar.14 

15 

28 


29 


About  8  10 

p.m. 
10  52  p.m 


Between 

10  30  and 

11  30  p.m< 
10  13  p.m. 

9  20  p.m. 


About  10  15 
p.m. 
7  40  p.m 


9  13  p.m 


Annesley  Bay, 
Red  Sea. 


Birmingham 
Ibid 


'  Large  meteor  , 


The    light 
shown    was 
greenish 
blue. 


=  1st  mag.*.. 
=3rd  mag.* 


Pale  blue . 
Ruddy .... 


1  second 


Manchester . 

Birmingham 
Ibid 


Dull  red 


= 1st  mag.* 
=3rd  mag.* 


Deep  blue 
Blue     , 


Moderate 
speed. 

0*5  second  . 

0*75  second . 


Camberwell, 
London. 

Oumbray  (Scot- 
land). 


Very  bright  shoot- 
ing-star. 

Half  apparent  di- 
ameter of  the 
moon. 


Yellow 


29   9  14  p.m 


Birmingham    ... 


Ibid... 


Ibid . 


Apr.  10  Between 

10  30  and 

11  30  p.m 
)  Between 

10  30  and 

11  30  p.m, 
11  Between      libid 

10  30  and  I 

11  30  p.m.l 
i  Between   Ubid 

10  30  and 

11  30  p.m 
I  Between   Ibid 

10  30  and 

11  30  p.m 
I  Between 

10  30  and 

11  30  p.m 
\  Between 

10  30  and 

11  30  p.m 


Manchester . 


10 


11 


12 


12 


13 


.1 


Ibid. 


Ibid. 


=lst  mag.* 

=3rd,  then  ? 

mag.* 
=  limag.* 

=3rd  mag.* 

=  1J  mag.* 

=  l£  mag* 

=3rd  mag.* 

=2ncl  mag.* 

=  1  i  mag.* 


Blue 


1  second,  very 
quick. 


0*5  second  ... 


1st 


Reddish     yel- 
low. 
White  


Dull 


White 


White 


Dull 


White 


White 


2  seconds... 
Slow  motion... 

Slow  motion- 
Quick  motion 
Quick  motion 


Quick  motion 


Slow  motion., 


From  r.  towards' 
m  Hydras.  [ 

From  y  Persei,  half-1 
way  to  y  Andro- 
meda*, 


From  near  *  Urate 
Majoria  to  near 
m  Cephei. 

From  C  to  *  (j3,  y) 
Leporia. 

From  54°  +27° 

to    40    +24 

In  the  N 

Disappeared  seaui 
the  horizon, 
close  above  thej 
spot  where  the 
tun  had  just  act. 


From  «  Leonis  to 

I549  _|_  go 

From  <r  to  omicron 
Leonis. 

Centre  of  path  near 
and  below   omi 
cron  Herculia. 

From  tj  Bootis  to 
•  Canum  Venati-1 
coram.  J 

From  f  Lyncia  to 
0  Aurigse.  | 

From  it  Lyncia  to 
/Geminorum.     j 

Centre  of  path  near 
ft  Herculia. 

From  y  Leonis  Mi- 
noris  to  X  Leonis, 
and  3°  further. 

Near  •  Herculia  ... 
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Appearance;  Train,  if  any, 
and  its  Duration. 


It  gradually  lightened  up, 
till  everything  around 
was  shown  nearly  as 
clearly  as  if  it  were  day, 
then  it  quickly  faded. 


Length  of 
Path. 


Intermittent  light;  va- 
nished once  in  its  course. 
Left  no  train. 

Left  a  train     


Left  a  long  streak  of  light 

Globular ;  no  sparks ;  dis- 
appeared gradually.  Left 
no  train. 


rncreasad  from  a  second  to 
a  first  mag.  star. 

Left  a  smoky  train  on  its 
path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


From  Radiant  M4, 
From  Radiant  M, 


Remarks. 


Observer. 


The  sky  was  cloudy  and 
so  overcast  that  no- 
thing could  be  dis 
tinguished.  There 
was  a  low  rumbling 
sound  at  the  same 
time  like  thunder, 


Intercepted  view., 


From  Radiant    ?BS  or 


From  Radiant  A3, 4., 
From  Radiant  S4 


From  E.  to  W.,  inclining 
downwards,  thus — 


/ 


From  Radiant  A3, 4., 


From  Radiant  S4 , 

Directed  from  •  Lyre. 

From  Radiant  Mn,  -   .. 


From  Radiant  M~ 


From  Radiant  M,, 


Directed  from  0  Lyra?; 
Radiant  D  G,. 


From  Radiant  M7. 


Directed  from  a  Lyroe., 


Rate  of  appearance,  one 
meteor  in  30  minutes 
clear  sky.  On  the 
nights  of  the  20th, 
21st,  22ndf  and  23rd 
sky  overcast. 

One  meteor  only  in  one 
hour ;  clear  sky ;  one 
observer. 


J.  P.  Maclear. 


W.  H.  Wood. 
Id. 


Seen  in  bright  twilight 


No  other  meteors  seen 

on  this  night. 
From  Radiant  Q  H,,  a 


R.  P.  Greg. 

W.  H.  Wood. 
Id. 


Communicated 
by  T.  Crumplen. 
James  Thomson. 
Communicated 
byA.S.Herechel. 


W.  H.  Wood. 

Td. 

R.  P.  Greg. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 
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REPORT 18G8. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868. 
Apr.  13 

13 

13 

23 

24 

24 

24 

25 
25 

26 


27 


h  m 
Between 

10  30  and 

11  80  p.m 
Between 

10  30  and 

11  30  p.m. 
Between 

10  30  and 

11  30  p.m. 
Between 

10  30  and 

11  30  p.m. 
Between 

10  30  and 

11  30  p.m, 
Between 

10  30  and 

11  30  p.m. 

Between 

10  30  and 

11  30  p.m 

10  41  p.m. 

11  5  p.m. 


9  45  p.m 


Manchester...^ 

Ibid 

Ibid 

Cheshire 

Ibid 

Ibid 


Ibid. 


Birmingham 
Ibid 


Ibid. 


About  8  30  Cheshire  . 
p.m. 


28 


29 


Between 

10  30  and 

11  30  p.m. 
Between 


Ibid. 


May  10 


10 


10  30  and 

11  30 

p.m. 

10  35 

p.m. 

(bid . 


Birmingham 


9  58  p.m  London 


10  22  p.iu.  Ibid 


=3rd  raag.* 
=3rd  mag.* 
■3rd  mag.* 
■  3rd  mag.* 
>lst  mag.*.. 
=3rd  mag.* 

■3rd  mag.* 

=3rd  mag.* 
a  1st  mag.* 

=2nd  mag.* 


Quarter     apparent 
diameter  of  moon 


»limag.*.. 
-1st  mag.*.. 

=  2nd  mag.* 

-2\  mag.* 

=2)id  mag.* 


DuU     

Dull     

Dull     

Dull     

White 

Dull     

Dull     

Blue     

Bluish  white. 

Blue    


Bright  red, 
then  white. 


Yellowish 
white. 

Reddish  white 


Moderate 
speed. 

Moderate 
speed: 

Slow  motion... 

1  second  ... 

2  or  3  seconds 
0*5  second 

0*5  second 

0*3  second 
0*5  second 

0*5  second 


White 


White 


White 


3  seconds 


3  seconds 


1*5  second 


0-5  second  ... 


Near  c  Cygni  ... 
Close  to  n  Herculis 


Centre  of  path  near 
y  Cygni. 

From  m  to  k  Ser- 
pentis. 

From  ti  to  near  t,  r 
Ursa  Majoris. 

From  k  Cephei, 
%  of  the  way 
to  P  Camelo- 
pardi. 

Close  to  «  Virginia.. 


From  i  to  6  Ophiochi 

From  «,  }  of  the 
way  to  ij  Dra- 
conia. 

From  £  Corona;  to 
eBootis. 


Near  the  constella- 
tion Libra,  about 
8°  aboTe  the 
S.S.E.  horizon. 


From  near  «  Bootis 
to  X  Herculis. 

Centre  close  to  e 
Virginis 


From  216°+21° 
to    200  +46 

From    10°    below 
I    if      Urss     Ma- 

joris   to  «•  Vir- 

ginis. 
From  k  Lyra?  to  3C 

below  t  Herculis. 


S 
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Appearance;  Train,  if  any, 
and  its  Duration. 


Length  of 
Path. 


Direction;  noting  alto 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Left  a  momentary  train . 


6°. 


Left  no  train 
Left  no  train 

Left  no  train 


2°,  nearly 
stationary. 


Directed    from    Comae  Close   to   the  Radiant 
Berenices.  Sj 


It  appeared  at  first  23  or  3° 
nearly  stationary,  ex-! 
panding  from  a  star 
of  the  second  magni- 
tude, and  then  suddenly 
vanished. 

Left  a  slight  train  


Expanded  like  a  mall 
rocket,  and  burst  at  dis- 
appearance. 


Left  a  long  filmy  streak. 


Nearly  sta- 
tionary. 


Directed  from  Radiant 
Q,  in  Corona. 


Directed  from  «  Corona?; 
Radiant  Qt  ?. 


Remarks. 


Observer. 


Directed  from  head  of 
Draco ;    Radiant    D' 

g2.  i 

Directed  from  p  Libra 
from  Radiant  S  G„. 


Directed  from  Corona. . . 


Radiant  Q,  or  Ax 


From  t  Radiant 
near  a  Lyre. 
From  Radiant  M6,  7 


Q  Hr 


From  Radiant  D  G3 


From  Radiant  (?)  S  Gr. 


Prom  Radiant  S3I 


From  Radiant  S  G9 


Downwards    towards 
S.W.;   directed  from 
n  Ursa?  Majoris. 

Downwards  to  right 


Pour  telescopic  meteors 
in  one  hour.  Skv 
clear.  From  10h 
to  llh  p.m.,  no 
meteor  visible.  Fine 
auroral  arch  on  the 
27th. 

Appeared  close  to  this 
Radiant- point. 


R.  P.  Greg. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

W.  H.  Wood. 
Id. 

Id. 


R.  P.  Greg. 


Id. 


Appeared     very   much 'Id. 

foreshortened,       and 

close  to  the  Radiant-: 

point. 
One    meteor    seen    in  W.  H.  Wood. 

45    minutes.        Sky 

overcast  at  lO*  45m 

p.m. 


T.  Crumplen. 


Another   small    meteor  Id. 
from  «    Lync  witbinj 
three      miuutcs      of 
this.  | 

I 
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REPORT— 1868. 


Date. 


1868 
May  11 


12 
13 

14 

17 

18 


Hour. 


h    m     s 

10  23  p.m. 


10  24  p.m. 

10  29  p.m. 

10  41  p.m. 

9  57  p.m. 

10    0  p.m. 

Evening  ... 

9  54  p.m. 


18  10  28 
p.m. 


19 

19 

19 

19 
19 
20 


9  55 


9  59 
p.m. 


30 


p.m 


30 


11     0  p.m, 


11  18 

11  20 

12  2 


p.ro. 
p.m. 
a.m. 


Place  of 
Observation. 


London 


Ibid. 
Ibid. 

Ibid. 
Ibid. 


Birmingham 


Manchester . 


London 


Ibid. 


Ibid . 


Hawkhurst 
(Kent). 


Ibid. 


Apparent  Size. 


=-Ht  mag.* 


« 1st  mag.*    

Nearly  «■  a  Lyre.. 

Nearly = a  Lyra  ... 


s  3rd  mag.* 


Several      bright 
shooting-stars. 


«h. 


i  Coronac.. 


=  2jmag.». 


Ibid aArcturus 


a  2nd  mag.* 


Birmingham    ...  —2nd  mag.* 
Ibid |=3rd  mag.* 


Colour. 


Pale  blue. 


Pale  blue . 


Same     colour 
as«  Lyre. 


Pale  blue . 


White 


White 


—  1st  mag.*,  then 
1     =3rd  mag.*        ] 


Ruddy  . 


Pale  blue 


White 


White 


White 


Bluish  white.. 

Dark  colour.. 

White,  then 
red. 


Duration. 


i  second 


2*5  seconds . 


Quick  motion 


2  sees.;  moved 
slowly  and 
leisurely. 


Much    swifter 
than   the 
preceding 
meteor. 


0*2  second 


1  second  ... 
0*75  second ... 

2  seconds 


Position,  or 

Altitude  and 

Azimuth. 


Prom  n  Ursae  Ma- 
joristo  li°  beyond 
and  above  r,  v,  $ 
Herculis. 

From217°+52° 
to    233  +23 

Prom  200°  +40c 
to    186i+28 


From  268° +28* ( 
to     260  +20* 

From  near  n  Ursa? 

Majoris;  shot 

through     Comae 

Berenices. 
From  9  Virginia  to 

i  (/S  Virgiois,  9 

Crateris). 


Between  0  Librae 
and  Corona;  near 
m  Serpentis. 


Disappeared    5° 
above  the  E.S.E. 
horizon,      com- 
mencing 12°  W. 
of  the  same  point. 

From  near  9  Her- 
culis to  i  (A  Her- 
culis, y  Lyrae), 
and  a  few  de- 
grees further. 

Began  15°,  and 
ended  8°  above 
rj  Ursae  Majoris. 

Disappeared      be- 

tween  fl  and  y 

Ursae  Minoris. 
Fromi(i,r)Cygni, 

halfway     to 

Lyre. 
From  I  Herculis  to 

8  CygnL 
From    B    Herculis 

to  k  Ophiuchi. 
Disappeared   at 

Equulei. 
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Appearance;  Train,  if  any, 
and  its  Duration. 


I  Left  a  very  luminous  broad 
;'  train,  tapering  at  the 
I    ends. 

Left  a  Tery  bright,  long, 
tapering  train. 


Left  a  train  on  its  whole 
course. 


Increased  from  a  second 
magnitude  star  to  the 
brightness  of  Jupiter, 
became  pear  -  shaped ; 
anterior  crescent  sil- 
Tery  white  fringed  with 
blue. 


globular;    left    a    slight 
train. 


-eft  a  bright  train  on  its 
whole  course. 


Length  of 
Path. 


12° 


Short  paths 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Downwards  to  left. 


Downwards  to  left.. 


Two  maxima  of  bright- 
ness.  Appeared  to  go 
out  in  the  middle  of 
its  course. 


Downwards  to  right 


Another    small  meteor,  Id. 
at  10h31mp.m.,withl 
long  flight  downwards 
to  E.S.E. ;  apparently 
from  a  Lyne. 

A  small  meteor  from  a 
Lyre,  whilst  record- 
ing this. 

No  other  shooting-star 
in  20  minutes. 


From  Radiant  S  Zx . 


From  an  apparently  new 
Radiant-point  near  « 
Serpentis,  viz.  S  Z2. 


Directed  from 
Yirginis. 


.eft  a  very  luminous  train  20° 
7°  ot  8°  long. 


To  train  or  sparks 


near  y 


From    a    Radiant  near 
r\  Urs©  Majoris. 


Perpendicularly  down. 


From  right  to  left 


X  first  white;  globular;' 10° 
diminishing  soon   after 
the  middle  of  its  course 
to  a  dull  red  spark.        i 


From  Radiant  S  G2     . 

From  Radiant  W 

Directed  from  tj  Lyrav 


Observer. 


T.  Crumplen. 


Id. 


W.H.Wood. 


Left  a  smoky  streak  15c 
long  for  \  a  second, 
No  other  meteor  in 
one  hour.  Night  of 
the  13th  overcast. 


Similar     shooting-stars  p^  pa  Qre^. 
to    these    were    ob- 
served at  about  the 
same     time      last 
year. 


Id. 


Id. 


No  meteors  seen  in  the 
south  between  9h  54m 
and  10h  28m  30*  p.m. 


Six  shootiiig-stars  seen 
between  9h  50m  and 
10h  3Jm  p.m.;  after 
wards  overcast. 

Moved  along  a  line 
drawn  from  a  Coronac, 


T.  Crumplen. 


Id. 


Id. 

Id. 

A.  S.  Herschel. 


W.  II.  Wood. 

Id. 

Id. 
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Date. 


Hour. 


1868. 
May  20 


20 

20 

20 
20 

20 
20 


25 
(or?26) 

25 


h  m    s 
12  25  a.m. 

12  33  a.m. 


12  33  30 

a.m. 
12  35  a.m. 


12  45  a.m. 

1    6  a.m. 

1  47  a.m. 

10  45  p.m. 

11  20  p.m 
10  13  p.m. 
10  35  p.ro. 


27,  Between 
110  55  and 
11  20  p.m 

27  Between 
10  55  and 
!il  20  p.m. 

27  Between 
1 10  55  and 
ill  20  p.m. 

27  Between 

10  55  and 

11  20  p.m. 
2711    5  p.m 

2711  15  p.m. 


28 
28 


12  14  a.m 
12  17  am 


Place  of 
Observation. 


Birmingham 
Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Witham  (Essex) 
Birmingham    ... 

Manchester 

Ibid 

Ibid 

Ibid 

Hawk  hurst 

(Kent). 
Ibid 

Ibid 

Ibid 


Apparent  Size. 


=3rd  mag.# 
=lst  mag.* 


= 1st  mag.*.., 
=2nd  mag.* 

=3rd  mag.* 

=  lst  mag.* 
=2nd  mag.* 


= 2nd  mag.*   , 

=  Sinus  

Large  meteor  . 


Much    larger    and 
brighter    than 
Venus. 


=2nd  mag.* 

=3rd  mag.* 

=2nd  mag.* 

=  1st  mag.* 

=3rd  mag.* 
= 2nd  mag.* 

=2nd  mag.* 
=3rd  mag.* 


Colour. 


White  

Bright  white.. 


White 
White 

White 

White 
White 


1  second  ... 
0*8  second  ... 

2*5  seconds . 


Bluish  white.. 
White 


White  as  Yega 
Lyra;. 


Dull,  misty  .., 
Dull,  misty  ... 

White 

Very  white  ... 


White 
White 

White 
White, 


Duration. 


1  second , 

1*5  second  ... 


1  second ... 
0-8  sec. ;  rapid 

Slow  speed; 
1  second. 

Rapid;  0*3  sec 

2  seconds... 


Position,  or 

Altitude  and 

Azimuth. 


Very  rapid  ... 


Very  rapid 


Quick  motion 


0*6  second 
0*6  second 


0*6  second 


0*5  second 


Centre  of  path  at 

ft  Lyrse. 
From  e  Cephei  to 

i  (#  Cassiopeia, 

k  Andromeda?). 
From  b  Draconia  to 

33  CygnL 
From  £  («,  $)  to  \ 

(*,  c)  Ursa;  Mi- 

noris. 
From  i  (/3  Cygni, 

S  Sagittte)  to  s 

Vulpeculae,    and 

3°  further. 
Commenced   at    0 

Ophiuchi. 
From  «  Capricorni 

to  e  Aquarii. 


From  <r  Corona 
to     260° +40° 

«=   e» 

From  106°+ 70° 
to    111  +55 
From  Coma;  Bere 
nice*  to  X  Hydra. 

From  right  arm  of 
Hercules,  across 
Aquila. 

From  ij  Ursa;  Ma- 
joris  to  0  Leonis. 

From  a  Canum 
Venaticorum  to 
f&  Leonis. 

Centre  of  path  at 
ij  Herculis. 

From  H  Draconia 
to  p  Cephei. 

From  0  Herculis  to 
k  Lyras. 

From  A  Herculis, 
2  way  to  i  (« 
Herculis,  «Ophi< 
uchi). 

From  4>  Dracoihis 
to  *  Ursa;  Mi- 
noris. 

One  flash  at  J 
Delphini ;  the' 
other  at  «  Ca- 
pricorni. 


i 
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Appearance;  Train,  if  any, 
1        and  its  Duration. 

Length  of 
Path. 

Direction ;  noting  also 

whether  Horizontal,' 

Perpendicular,  or 

Inclined. 

Remarks. 

Observer. 

10°  

Directed   from  y  Dra- 
conis. 

W.H.Wood. 
Id 

Brightest  at  first;   faded 
gradually  till  it  disap- 
peared. 

Curved  in  last  part  of 
its  course. 

Id. 
Id. 

Id. 

Id. 
Id. 

Brightest  at  middle  of  its 
course. 

5rew  brighter,  and  then 
faded  gradually. 

its  coarse. 
<eft  no  streak.    Brightest 
at   the    middle   of  its 
course. 

8°    

Directed  from  o  Tanri 
Poniatovii. 

None  of  the  meteors  seen 
on  this  night  left  streaks. 
The  larger  ones  bright 
white.      One  changed 
to  red  at  last. 

Prom  Radiant  Qa 

Id. 

- 

nutes.  Fine  clear  sky. 

Id. 

ppeared  descending,  like 
an  inverted  rocket. 

gg-shaped.    No  train  or 
sparks. 

W.   B.,    'The 

A  splendid  meteor.  Be- 
ginning and  end  of 
its   path    not    seen. 
Strong  moonlight. 

Times/ May  28 
W.  H.  Wood. 

R.  P.  Greg. 

rd. 

# 

From  Radiant  D  G2    ... 

6°     

Directed  from  «  Lyre. 
From  Radiant  W. 

From  Radiant  S  G2  or 
S  Z2  in  Serpens. 

Id. 

ivc  off  sparks  and  burst 

Id. 

A.  S.  Herschel. 

Id. 

ightest  at  the  middle  of 
its  path. 

ro  stationary  flashes  ... 

Id. 

Almost  simultaneous  ... 

Id. 
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REPORT 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868. 
May  28 


June  5 


h  m    a 
12  39  a.m. 


10  11  pan, 


9  50  p.m. 


Hawkhurst 
(Kent). 


Birmingham 


Radcliffe  Obser- 
vatory, Oxford. 


=2nd  mag.#  ..* 


=3rd,  then  =lst 
mag.# 


Large  meteor  (?) ; 
5  in  length,  and 
1°  in  breadth. 


White,    then 
red. 


Dull  yellow . 


White 


13 


9  15  pan, 


Hawkhurst 

(Kent). 


18 
19 
19 
19 


19  (or 


19 


26 


26 
July  19 


11  59  p.m. 

12  1  a.m, 
12  9  a.m 
12  20  a.m 

About  10 
p.m. 

11  50  p.m. 

10  43  p.m. 

11  15  p.m. 


11  15  30 

p.m. 
10  15  p.m, 


Ibid 

Birmingha 


Brighter  than  Ve 
nus  appears  at  its 
brightest. 


White 


3-5  sees. ;  slow  From  K  Coronae  to1 
speed.  Q  Cephei. 


2  seconds ;  «=     A™ 

slow.  From  197°+18° 

to  Arcturua. 


Nearly     /our*  First     situated     a 
minutes.  little  west  of  Po- 

laris. Thence 
passed  just  be- 
low «,  fi  Ursse 
Majoris,  on  a 
course  directly 
west,  to  near  the 
N.W.  horizon. 

5  or  6  seconds;  From  altitude  25°, 


Manchester 

Ibid 

Ibid 

Ibid 


Hastings 
(Sussex). 

Manchester 


Hawkhurst 

(Kent). 
Ibid 


=  lst  mag.*.. 
=  1st  mag.*.. 
=  Umag.# 
=  lst  mag.* 


White 

White 

Bluish  white.. 
White 


(observer 
counted 
slowly  up  to 
27). 


2*5  seconds . 
0*75  second . 
1  second  .... 
0-5  second  . 


due  S.,  to  al- 
titude 20°,  S.E. 
by  S.  (Positions 
measured  from 
bearings,  on  the 
spot.) 


As  large,  but  not  Dull    orange 
so      bright      as     yellow. 
Venus. 

=  lstmag.#... 


=2nd  mag.*   White 

=2nd  mag.*  j  White 


White 


Moved     quite 
slowly. 

0*75  second... 


About  1  sec, 
About  1  sec, 


From  near  Lacertsv 
to  17  Draconia.     | 

Ctose  to  q  Urate 
Majoris.  I 

Close  to  )3  Andro- 
meda?. 

Above  the  N.W. 
horizon,  near 
Comas  Berenices. 

In  the  N.E.,  at  an 
altitude  of  about 
25°. 

From  r  Cygni  to  % 
Cephei.  i 


=2nd  mag.#  White 


=3rd,  then  =  1st  Dull  yellow . 
mag.# 


4  second  ., 
2  seconds., 


From  •  Cygni  to  p 

Cephei. 
Centre     at    \    (« 
I     Urssc  Minoris,  y 
|    Persei).  | 

I  | 

.  From  H  to  C  Came- 
|     lopardi. 
From  S  Ursse  Ma- 
I    joris  to«=200°, 
3= +44°. 
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Appearance;  Train,  if  any, 
and  its  Duration. 


Bright  white  in  the  first 
i  of  its  course ;  then 
red,  drawing  a  tail  of 
red  sparks. 


A  white  cloud ;  like  a 
comet,  or  the  smoke  of 
a  railway  train  faintly 
illuminated  by  twilight. 
On  starting  into  motion, 
it  left  on  its  whole 
course  a  train  broader 
than  itself,  which  re- 
mained  visible  after  the 
meteor  had  disappeared. 

Drew  a  slight  train  of 
smoke  behind  it  at  last, 
and  disappeared  without 
bursting. 


Length  of 
Path. 


Phosphorescent    train ;  ? 
I    without  a  nucleus. 
.Left  a  momentary  train ... 

[Left  a  train , 


Globular.     Disappeared 
[    without  bursting;    left 
i    no  train  or  sparks. 
Left  a  train 


j Stellar;    disappeared  gra- 
j    dually ;  left  no  streak. 
No  streak  or  sparks  left.., 


No  streak  or  sparks  left... 
Left  a  smoky  streak  ... 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Course    slightly    undu 
lating. 


Prom  Radiant  Y2,  in  Leo 


When     near     Leo,    it 
turned     somewhat 
southwards,  to   near 
Regulus;    and    then 
northwards  again. 


Remarks. 


Nearly  horizontallyfrom 
W.  to  B. 


20° 

2° 
4° 
2°., 


20°  or  30° 


10° 


Directed    from     Lyra. 

Radiant  W  ?. 
Directed     from     Ursa 

Minor. 
Perpendicularly  down ;' 

directed    from    Ursa 

Major. 
From  E.  to  W.;  nearly 

horizontal. 

From  Radiant  M  G8 


Rate     of     appearance 

seven    meteors     per 

hour.    Moon    set  at 

llh30ra.     Clear  sky; 

one  observer. 

Full  moon.      Night  of 

the  20th  clear;     no 

meteors:  of  the  21st 

overcast ;  of  the  22nd 

fine ;      no    meteors. 

The  month  fine,  but 

barren  in  meteors. 

A    thick   haze    all  the 

night,  and  mock-moon 

at  13h  40m.     Another 

meteor,   on  the  24th 

of  June,  was  recorded 

by    Mr.    Allnatt,    at 

Frant,  in  Sussex. 


Observer. 


No  stars  yet  visible  in 
the  twilight.  First 
seen  reflected  in  still 
water,  and  directly 
afterwards  skirting 
the  tops  of  some 
trees.  The  obseryer 
counted  twenty -seven 
while  it  was  in 
sight. 


A.  S.  Herschel. 


W.  H.  Wood. 


'The  Times,' 
June  15  and 
July  2: 
communicated 
by W.  H.Wood 
and  R.  Main. 


From  Radiant  W.< 


6    Ursse    to   y   Persei. 
Radiant  Nfi,  ln. 


6° From  Radiant  M  Gs 


From  Radiant  N„,  10,  or 
From  Radiant  M  G3  ? . 


The  last,  or  one  before 
the  last.  Friday  even 
ing  in  June. 

No  meteors  from  Ra- 
diant Qlf  a,  in  Co- 
rona,  seen  in  four 
evenings. 


T.  Humphreys. 
Communicated 
byA.S.Hersche! 


R.  P.  Greg. 


Id. 
Id. 
Id. 


Communicated 
byA.S.Herschel, 

R.  P.  Greg. 


Rate  of  frequency  one 
meteor  per  hour. 
Clear  sky. 


A.  S.  Herschel. 
Id. 

Id. 

W.  H.  Wood. 
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Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868. 
July  20 


20 


21 

21 

21 
23 


25 


28 


28 


28 


30 
Aug.  4 


h  m 
Between 
12  15  and 
12  30  a.m 

11    3  p.m 


Between 
12    0  and 
12  20   a.m 

11  31  p.m, 


11  37  p.m. 

Between 

11  50  p.m. 
and  12  20 
a.m.,  24th 


10  12  pan. 


12    5  a.m. 


12  36  a.m. 

11  55  p.m. 

11  58  p.m. 

11  31  p.m, 

10  45  p.m. 

11  4  p.m. 

9  53  p.m. 


Manchester  .. 

Birmingham  ... 

Manchester  .. 

Birmingham  .. 


Ibid 

Manchester 


Birmingham 


Ibid. 


Ibid . 
Ibid. 
Ibid. 


Manchester.. 

Ibid 

Birmingham 


London 


5,10    2  p.m. 
510  10  p.m. 


Ibid. 
Ibid. 


=  lstmag.*    White 


=2nd  mag.* 
=2nd  mag.* 

=  1st  mag.* 
=2nd  mag.* 


Brighter     than    a 
1st  mag.* 


■  1st  mag.*., 


«  Sirius 


:2nd  mag.* 
=3rd  mag.* 
»3rd  mag.* 


sMars    

=2nd  mag.* 
=  Siriu8  


=  2nd  mag.* 


Larger  than  If. 
■=«  LyT83 


White 


White 


£  second  . 


Blue     . 
White  . 

White  , 

Ruddy . 
Dull     . 


0*3  second  . 
0*75  second . 

0*5  second  . 

0*5  second   . 
1  second  .... 


1*5  second 


3  seconds., 


Blue     

Dull  white 
Blue     


0-25  second . 
0*75  second . 
0-25  second . 


Bluish  white.. 
Bluish  white.. 
White 


Bluish  white.. 


Chieflyorange, 
varied. 

White  like  « 
Lyrae,  then 
pale  orange. 


}  second  .... 
0*75  second . 
0*5  second  . 

0*75  second . 


Just  above  )3  An- 
dromedae. 


Prom  220°+ 44° 

to    205  +36 

Near  y  Cassiopeia^. 


Prom  m  Cygni  to 
m  Lyne,  and  3° 
further. 

From  K  Cygni  to  i\ 
Delphim.  | 

4°  below  m  PegasL. 


«»     ft- 

From  263°  4-  9° 

to    257  -12 


From  i)  to  y  Pegasi 


From  i?  to  e  Pegasi 

From     /*    to     £ 

Bootis. 
From  /3  Bootis 
*=     *_ 

to  210° +43° 

About  1°  above  £ 
Ursse  Majoris.      . 

Passed     5°    below' 
Polaris.  | 

From  «  Cassiopeiae, 
to      m    Andro- 
medse.  ' 

From  1°  above  «  to 
f  CygnL 


Disappeared  near  £« 
OphiuchL 

Disappeared  £°  i 
above  m  Andro- 
meda. 
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Appearance;  Train,  if  any 
and  its  Duration. 


Left  no  train 


Left  no  train 


Left  a  train 


jeft  a  white  train  on  its 
whole  coarse. 


■•eft  a  train . 


Expanded  as  a  misty  flash 
of  light. 


eft  a  white  train  20°  long 


eft  a  train  20°  long 


:ft  a  train  10°  long  . 


Length  of 
Path. 


2°;    short 
path. 


Stationary . 


misty  appearance,  like  a  Short 


flash. 


ft    a  broken  streak  of1 5 
light  visible  for  2  sees., 
3veu  through  fine  clouds. 


course ;  3( 
5° , 


12°  or  15° 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Directed  from  «  Cygni 


From  Radiant  Bs,  in 
Draco. 

Directed  from  Lacerta. 
From  Radiant  B  G  or 
QGr 

From  Radiant  B4,  in 
Cygnus. 

Directed  from  e  Cassio- 
peia?. 
From  Radiant  T2 


Two  other  meteors,  1st  R.  P.  Greg. 

and  2nd  magnitudes, 

from  this  Radiant,  or 

from  B„  or  Nn, 
Rate  of  frequency   one  W.  II.  Wood. 

meteor  per  hour. 

One   other  meteor  re-  R.  P.  Greg, 
corded    in   this    in- 
terval ;  from  Radiant 
A,  or  Tr 

On  the  15th  the  sky  was  W.  H.  Wood, 
clear ;      no     meteor 


Directed  from  e  Cassio 
peise. 


Cygnus. 


From    Radiant  A1A,  in 


Perseus. 


From  Radiant  Q,  G., 


Directed  from  y  Dra 

conis. 
Directed  from  q  Persei 

(Radiant  A10). 
From    Radiant  Nn,  in 

Cassiopeia. 


On  a  line  from  y  Aquils 

to  £  Ophiuchi. 
On  a  line  from  Polaris' 

to  £°  above  a  Andro 

medae. 


Remarks. 


Observer. 


Seven  other  meteors  in 
the  interval;  from 
Radiants  A10,  Blf  N„. 
Three  meteors  in  the 
same  interval  on  the 
24tb ;  from  Radiants 
H,Tr 

On  the  16th  and  17th 
the  sky  was  cloudy, 
except  overhead;  no 
meteor  seen. 

On  the  29th  the  sky 
was  clear; — no  me- 
teor seen.  A  marked 
absence  of  meteors 
during  the  month. 


Overcast  till   11*  30' 
p.m.        Afterwards 
two  meteors   in  40 
minutes. 


A  meteor  of  the  Au- 
gust shower;  moon- 
light ;  sky  much  over- 
cast. 


Id. 

R.  P.  Greg. 


W.  H.  Wood. 


Id. 


R.  P.  Greg. 

Id. 

W.  H.  Wood. 

T.  Crumplem 

Id. 

J.  Dow,  Jun. 
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REPORT— 1868. 


Date. 


Hour, 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868. 
Aug.  8 


h  m  s 
9  49  p.i 


Birmingham 


>  2nd,  then  > 
1st,  and  then 
•=  3rd  mag.* 


Blue,     white, 
dark. 


2*5  seconds ... 


From  180°+65° 
to/i  Serpentia. 


8 


9 


Between 

10  30  and 

11  0  p.m, 

10  33  p.m, 


0  22  a.m, 


Between 

10  0  and 

11  30  p.m. 


Whitby    (York- 
shire). 


Birmingha 


«>  1st  mag.* 


White 


Brighter  than  1st 
mag.*. 


Yellow. 


Ibid. 


«  Sinus 


Whitby    (York- 
shire). 


Brighter  than  Sirius 


Dark  blue; 
then  brilliant 
blue. 


Reddish ;  blu- 
ish -  white 
sparks. 


0*75  second.. 


0*5  second  ... 


1*5  second 


2  seconds.. 


10    5 
p.m. 


25 


10    6  p.m. 


10  12 
p.m. 


40 


10  13  p.m. 


10  17 
p.m. 

10  18 
10  21 

10  46 


2 

p.m. 


Highfield  House 
Observatory, 
Beeston. 

Birmingham    . 


Highfield  House 
Observatory, 
Beeston. 

Birmingham    . 

Highfield  House 
Observatory, 
Beeston. 

Ibid 


«2nd  mag.* 
—  1st  mag.*... 


White 


0*5  second  ... 


=  1st  mag.*., 


Twice  as  bright  as 
a  1st  mag.* 


Green  

Intense  blue... 


Airth,  Falkirk 
(Scotland). 


p.m.  Highfield  House 
Observatory, 
Beeston. 


—  1st  mag.* 
a  3rd  mag.* 


Green  .., 
Whitish 


0-3  second  ... 
Very  rapid  ... 

0*3  second  ... 


1*25  sec ;  slow 
speed. 


Brighter  than  1st 
mag.*. 


Blue 


Appeared   first  5C 
below  p  Arietis. 


From  p  Pisdum  to- 
wards/3  Ceti. 


m=      3= 

From  275° 4- 72° 
to  if  Herculis. 


Centre  of  path  at  j 
(«,  0)  Cephei. 


From   e  Pegasi, 
crossed  «  Aqua- 
rii. 

From  i  («,  0)  Pe- 
gasi to  «  A- 
quirii. 

Passed  5°  below 
Delphinus. 

From  p  to  0  Pegasi, 

i 

Commenced  at  r 
Pegasi.  j 

From  v  Andromeda*; 
««    *- 
to    353°+30° 

From  4°  below 
P  Pegasi  to  i 
(«,  p)  Cassio- 
peia;. 

Appeared      first 
under    Polaris, 
and   passed  be- 
tween £,  «  Ursc 
Majoria. 
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Appearance;  Train,  if  any , 
and  its  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


At  first  equal  2nd  mag-  80° 
nitnde  star ;  it  then  dis- 
appeared; and  on  reap- 
pearing became  brighter 
than  a  1st  magnitude 
star.  It  then  decreased 
to  a  3rd  magnitude 
star,  at  the  same  time 
changing  its  colours. 
Left  a  train  30°  long 
for  1-|  second. 

Left  a  momentary  streak... 


First    appeared    as    a 
2nd    magnitude     star ; 
then    disappeared,   and 
reappeared     as    bright 
as  Sinus.   Left  a  train. 


More  than 
10°.  (In 
tercepted 
view.) 


20° 


Left  a  train 

Left  a  long  streak 

Left  a  green  train 


Left  a  very  long  streak 


25° 


From    Radiant    V,    in 
Ursa  Major. 


W.  H.  Wood. 


Directed  from  y  Persei. 
From  Radiant  A10. 


From    Radiant 
Perseus. 


Directed  from  e  Cassio- 
peia?. 


Directed  from  B  Cas- 
siopeia;. The  Ra- 
diant on  this  night 
well  defined,  3°  or 
4°  from  %  Persei> 
towards  Ursa  Major, 
and  slightly  lower 
down,  at  llhp.m. 


Directed  from  5°  above 
X  Cassiopeia;. 

Directed  from  e  Cassio- 
peia;. 

Directed  from  a  point 
5°  above  %  Cassio- 
peia. 

Directed  from  y  Persei 


From  Radiant  T,  in  Pe- 
gasus. 

Directed  from  a  point 
near  and  above  Cas- 
siopeia. 


From  between  &  and 
Bootis  to  the  end  of 
its  flight  it  appeared 
as  a   cloudy   falling 
cinder. 


Three   meteors   in    30  R.  P.  Greg. 

minutes   from  about 

the  Radiant  A10 ;  one 

from  the  direction  of 

«  Cassiopeia;. 
Fourteen     meteors    in  W.  H.  Wood. 

two  hours.        Clear 

sky ;  one  observer, 

The  meteor  showed  in-  Id. 
termittent  light 


Fourteen  1st,  2nd,  and 
3rd  magnitude  me- 
teors recorded  in 
1*  30m.  Moon  set- 
ting; sky  beautifully 
clear:  on  the  night 
of  the  10th  cloudy, 
with  slight  rain. 

[See  Appendix  I.] 


R.  P.  Greg. 


E.  J.  Lowe. 


[Identical  with  the  last] 


[See  Appendix  I.] 


[Identical  with  the  last] 


W.  H.  Wood. 


E.  J.  Lowe. 


W.  H.  Wood. 


Some  cloud  afterward&JE.  J.  Lowe, 
for  20  minutes. 


[Identical  with  the  last. 
See  Appendix  I.] 

For  a  meteor  moving' 
from  east  to  west,  the 
motion  was  extremely 
slow. 

[See  Appendix  I.] 


W.  H.  Wood. 
F.  Howlett. 

E.  J.  Lowe. 
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REPORT — 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868. 
Aug.  9 


h  m     s 

10  47  30 
p.m. 

11  1   p.m. 


10 

10 
10 
10 
10 

10 
10 

10 

10 

10 

10 

10 

10 

10 
10 

10 

10 


12    0    2 
a.  in. 

12    2    0 
a.m. 
9  43  p.m, 

9  45  p.m 

9  58  50 
p.m. 


10  36  p.m. 
10  87  p.m, 

10  46  p.m. 

10  46  p.m. 

11  3  45 
p.m. 

11    6  30 
p.m. 

11    7  p.m 

11    8  45 
p.m. 

11  33  p.m. 

11  33  10 
p.m. 

11  35  p.m. 


11  54  30 
p.m. 


Birmingham 

Airth,     Falkirk, 
Scotland. 


Highfield  House 
Observatory, 
Beeston. 

Birmingham    ... 


=  1st  mag.*., 
=  Sirius  


Yellow 
Orange  yellow 


0  5  second 


=2nd  mag.* 


London 


Hawkhurst 

(Kent). 
Highfield  House 

Observatory, 

Beeston. 


=  l8tmag.*... 
-2nd  mag.* 
=2imtg.#... 


Colourless 
Yellow     .., 


1  second .... 
0*75  second . 


London 


Hawkhurst 
(Kent). 

Birmingham 


Winchfield 
(Hants). 

Highfield  House 
Observatory, 
Beeston. 

Winchfield 
(Hants). 

Birmingham    . 


Hawkhurst 
(Kent). 

Birmingham 

Winchfield 
(Hants). 

Hawkhurst 
(Kent). 


Winchfield 
(Hants). 


=2nd  mag.*  .... 
=«  Aquilse 


»  3rd  mag.* 
= 3rd  mag.* 
6XV  


White 


•n 

=  Sirius 


Blue 

White 

Blue 


0*5  second  ... 


Commenced  at  p 
Camelopardi. 

From  4°  below  1 
and  2  Cassiopeia* 
to  10°  below  Po-, 
laris. 


Shot  across  Draco- 


From  Polaris  to  • 

Draconis. 
From  y  AquiUe  to 

X  Antinoi. 
From  «  Lyrae  to  * 

Opbiuchi. 
In  sword  handle  of 

Perseus.  t 


Commenced    at    « 

Capricorni. 
Passed  between    m 
Herculis    and    « 
Opbiuchi.  | 

From  0  Piscram     ' 
«=     J- 
to    338°—  5°     ; 
Shot    across     Pe- 
gasus into  Del- 
phinus. 
From  10°  below  « 
Aquilse,  fell  down 
the  Milky  Way. 


Bluish  white.. 
Orange    


1*5  second 


=2ud  mag.*,  then  White,     then 
=  Sirius.  I     green. 


= 2nd  mag.*   Yellow 

White  . 


=  1st  mag.*.., 
=2nd  mag.* 


—  1st  mag.*., 


.  White 


Shot  across  Del- 
phinus  into  the 
S.E. 

From  0  Aquarii, 
to  f  Capri-  ! 
corm. 

From    v    Delpbini 
to  i  (0  Aquilse, 
€  Aquarii). 
0-5  second  ...JFrom  fi  to  i  (e,  9. 
Pegasi. 

Shot  across  y  Dra- 
conis towards  /? 
Herculis. 

First  appeared  at  I 
Draconis,  passed 
under  e,  and  dis- 
appeared at  i 
Herculis. 

From  if  Ursae  Ma 
joris  to  Arctium*. 
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Appearance;  Train,  if  any, 
and  its  Duration. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


Left  a  train     

Left  a  greenish  train  , 


25° 


Towards  j3  Ureae  Ma- 
joris. 


Mt  a  train 


Directed   from  Cassio- 
peia. 

Directed  from  €  Cassio- 
peia;. 


[Identical  with  the  last] 

Nine  1st-,  2nd-,  and  3rd- 
magnitude  meteors 
recorded  in  fifty  mi 
nutes  by  two  ob- 
servers. Night  of 
the  10th  very  cloudy. 
A  few  bright  meteors 
seen. 

See  Appendix  I.]  .. 


W.  H.  Wood. 
F.  Howlett. 


Jke  a  blue  flash  of 
distant  lightning  not 
more  than  40'  in  dia 
meter;  very  remarkable. 


Stationary . 


Radiant   in  Cassiopeia,  Appeared    and    disap- 


or  Perseus. 


Directed  from  e  Equulei 


•eft  along  train., 


;ft  a  long  train  of  sepa- 
rate sparks,  which  lin- 
gered after  the  meteor 
bad  vanished, 
ft  a  train  which  lasted 
8  seconds. 


ft  a  train 


ft    a    very    long    and 
lender  streak. 


't  a  train 

t  a  long  train     .. 

t  a  slender  train 


a  train 


From  Radiant  Ta,  3, 4,  in 
Pegasus. 


Directed  from  y  PetseL 


Described  a  carve  in  its 
course. 


Identical  with  the  last] 
^See  Appendix  I.]  ... 
[Identical  with  the  last] 


peared  without  mo 
ving. 

[See  Appendix  T.] 


[Identical     with 
last  (?).] 

[See  Appendix  I.] 


W.  H.  Wood. 

T.  Crumplen  and 

J.  Dow. 
Communicated 
byA.S.Her8cbeL 
E.  J.  Lowe. 


the 


[Identical  with  the  last] 
Very  large  globe  meteor 


[See  Appendix  I.] 


[Identical  with  the  last, 
or  (?)  with  the  next.] 


E.  J.  Lowe. 


T.  Crumplen  and 

J.  Dow. 
Communicated 
by  A.  S.HerseheL 

W.  H.  Wood. 


See  Appendix  I.]  

Identical  with  the  last] 


Identical  with  the  last 
recorded  at  Birming- 
ham (?).] 


C.  H.  Griffith. 
H.  L.  P.  Lowe. 

C.  H.  Griffith. 

W.  H.  Wood. 

Communicated 
by  A.  S.HerseheL 

W.  H.  Wood. 

C.  H.  Griffith. 


Communicated 
bvA.  S.HerseheL 


C.  II.  Griffith. 


868. 
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REPORT 1868. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


1868, 
Aug.  10 

11 


12 


12 


14 


h  m   8 

11  56  p.m. 

12  8  a.m. 


12    8  30 
a.m. 

12  22  30 

a.m. 
11  25   a.m. 


Hawkhurst 

(Kent). 

Birmingham 


Winchfield 
(Hants). 


Brighter 
Lyrae. 


than 


Brighter  than  ty . 


Green 


1  second  , 


Ibid 

Birmingham 


White 


Blue 


Orange    and 
green. 


9  37  p.m. 


Ibid.., 


■■  Sirius  . 


Blue 


1*5  second 
1*5  second 


9  56  p.m. 


10  40  p.m 


Hawkhurst 
(Kent). 


Whitby  (York- 
shire). 


Yellow 


Between 
11  10  and 
11  50  p.m. 
11  20  p.m. 

About  11  20 
p.m. 


Ibid.. 


Ibid.. 


Hawkhurst 
(Kent). 


— 3rd  mag.  * 

=  1st  mag.  * 

=  1st  mag.  * 
=  3rd  mag.  # 


Dull 


0*75  second... 


Between  «  Ccpbei 
and  «  CygnL       j 
i 
From   y   Cephei 
«=     £  = 
to    251°+60o 


From  r  Cassiopeis 
to  £  Ursae  Ma- 

joris. 
From  «  Draconia  to 

/3  Bodtia.  i 

From  I  Draconia  to 

•=254°,  *-+, 

31°. 
From  v  Andromeda*: 

to«=35°,£  — + 

60°. 


From  i  («,  9)  Pe-j 
gasi  to  close  to' 
and  east  of  fi 
Aquarii. 

From  Lacerta  to- 
wards Aries. 


While 


1  second 


Reddish 
White  ... 


0-75  second.. 

3  seconds ; 
slow  speed. 


About  3°  above  9 
Ursa?  Majoria. 

4°aboveCorCaroti 

From  5°  before 
to     5°     beyond 
«    Draconia  ;      | 
crossing      those. 

stars.  | 


APPENDIX. 

I.  (a)  Heights  of  August  Meteors  observed  in  England  in  1868. 

Simultaneous  observations  of  the  August  meteors  in  1868  were  made  by 
observers  at  several  British  stations,  for  the  purpose  of  ascertaining  the  real 
altitudes  of  the  meteors.  The  eourso  of  the  shower  was,  for  the  most  part, 
seen  under  favourable  circumstances  ;  and  a  number  of  shooting-stars  were 
observed,  the  apparent  paths  of  eleven  of  which  were  recorded  simultaneously, 
at  distant  places,  with  sufficient  accuracy  to  enable  their  heights  to  he  ap- 
proximately known.  The  double  observations  of  shooting-stars,  and  those  of 
other  meteors  of  the  shower  presenting  characters  of  peculiar  interest,  are 
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Appearance ;  Train,  if  any, 
and  its  Duration. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


No  train  or  sparks  . 


Left  a  brilliant  green 
train  15°  long,  a 
portion  of  which,  be- 
tween g  and  if  Dra« 
conis,  remained  visible 
for  30  seconds. 

Left  a  train  for  3  seconds, 


2°  or  3°  ; 
very  short 
path. 


Towards  the  Milky  Way, 
parallel  to  £,  «  Ce- 
phei. 

Directed  from  Cassio- 
peia. 


[See  Appendix  I.] 


[Identical  with  the  last] 


Left  a  train  which  lasted 

10  seconds. 
Left  a  brilliant  train  for 

30  seconds  (see  figure 

in  Appendix). 
Left  a  white  train  


From  Radiant  T2. 


Disappeared  suddenly ;  left 
no  train. 


Increased  from  a  point  ... 


Disappeared    for    half 
second,  and  reappeared 
further  on. 


J°;    very 
short  path 

1°;    nearly 

stationary, 

15°  


Perpendicularly  down. 
Nearly  stationary    .... 


Sixteen  meteors  count- 
ed in  three  hours  and 
thirty  minutes.  Sky 
hazy  and  occasionally 
overcast ;  one  ob- 
server. Night  of  the 
12th  overcast. 

Sixteen     meteors     re- 
corded in  two  hours ; 
1st  and  2nd  mags, 
mostly  with  trains. 

The   sky  was  overcastjR.  P, 
at    Whitby   on    the 
nights  of    the   10th 
and  11th  of  August. 

Eight  meteors  recorded 
In  forty  minutes, 


Communicated 
byA.S.HerscheL 

W.  H.  Wood. 


C.  H.  Griffith. 

Id. 

W.  H.  Wood. 

Id. 


Directed  from 

Majoris. 
W.  toE 


«  Ursae 


Communicated 
byA.S.HerscheL 


Greg. 


Id. 


A  similar  intermittent 
meteor,  4th  mag.,  pre- 
ceded it,  moving  from 
W.to  E.  in  Sagittarius, 


Id. 

A.  S.  Herschel. 


entered  in  the  present  Catalogue.  The  general  results  of  the  observations, 
and  the  remarks  of  observers  on  the  principal  appearances  of  the  shower  re- 
corded during  the  times  of  the  simultaneous  watch,  are  included  in  the  para- 
graphs of  this  Appendix. 

At  the  Royal  Observatory,  Greenwich*,  a  watch  was  maintained  for  the 
August  meteors  from  the  7th  to  the  13th  by  Messrs.  Nash,  Wright,  Trapaud, 
Farncomb,  and  Schultz,  with  the  following  results : — On  the  7th  thero  were 

*  The  observations  made  at  Greenwich  will  be  printed  in  extenso  in  the  forthcoming 
volume  of  the  "  Results  of  Magnet ical  and  Meteorological  Observations  at  Greenwich  " 
for  the  year  18CS. 

2d2 
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twelve  meteors  observed,  twenty-one  on  the  8th,  none  on  the  9th,  the  sky 
being  overcast,  twenty-five  on  the  10th,  eleven  on  the  12th,  and  eleven  on 
the  13th,  making  a  total  for  the  seven  nights  of  eighty  meteors,  of  which 
no  fewer  than  fifty-two  are  referable  to  Radiant  A10.  It  was  considered 
that  the  meteors  were  unusually  scanty  in  number  on  all  these  nights. 

At  the  Radcliffe  Observatory ,  Oxford,  on  the  evening  of  the  8th  of  August 
six  meteors,  and  on  that  of  the  9th  four  meteors  were  observed,  the  sky  on 
these  nights  being  frequently  obscured  by  clouds.  On  the  night  of  the  10th 
the  sky  became  clear  at  9h  p.m.  ;  but  in  lie  first  forty-five  minutes,  although 
a  strict  watch  was  kept,  no  meteors  were  observed.  In  the  interval  between 
9h  45m  p.m.  and  lh  20m  a.m.  on  the  11th,  the  paths  and  other  particulars  of 
fifty-six  meteors  were  recorded  by  Mr.  Lucas.  At  about  llh  p.m.,  faint 
auroral  streamers  near  the  Milky  Way  were  observed  by  Mr.  Main ;  and 
several  distant  flashes  of  lightning  were  seen,  during  the  next  hour,  in  a 
quarter  of  the  horizon  where  the  sky  was  free  from  clouds. 

On  the  night  of  the  11th,  Mr.  Lucas,  watching  alone,  recorded  twenty-six 
meteors  in  the  space  of  three  hours  and  a  quarter,  between  9*  p.m.  and 
12h  15m  a.m.  on  the  12th ;  a  thick  haze  then  sprang  up,  through  which  only 
the  largest  stars  could  be  discerned. 

On  the  night  of  the  12th  the  clouds  cleared  off  at  about  llb  p.m.  ;  and  in 
the  space  of  2h  g3m,  between  llh  17"1  p.m.  and  lh  40m  a.m.  on  the  13th,  Mr. 
Lucas,  watching  alone,  again  recorded  twenty-six  meteors. 

At  HigJifield-House  Observatory,  Beeston,  Mr.  Lowe  observed  twenty-six 
meteors,  and  recorded  the  paths  and  instants  of  their  appearance  to  the 
nearest  second  of  Greenwich  time,  between  9h  30m  p.m.  and  midnight,  on  the 
evening  of  the  10th.  Twenty  other  meteors  were  observed,  of  which  no 
record  was  included  in  the  list.  In  the  earlier  part  of  the  evening  the  sky 
was  overcast,  and  a  thunder-storm  commenced  at  6h  a.m.,  on  the  11th,  with 
abundant  rain  (2  inches  falling  during  the  day),  which  put  an  end  to  the 
long  previous  drought.  "  The  meteors  were  most  abundant  between  1011  p.m. 
and  10h  15m  p.m.,  and  there  were  several  points  of  convergence :  one  in  the 
sword-handle  of  Perseus,  and  another  slightly  north  of  and  above  Cassiopeia, 
accounted  for  most  of  the  meteors.  The  paths  were  very  short  in  all  meteors 
seen  near  these  points ;  those  meteors  in  Ursa  Major  and  Ursa  Minor,  and 
in  S.  and  S.W.,  had  very  long  paths.  All  -were  blue  or  colourless,  mostly 
intense  blue,  and  nearly  all  had  streaks,  were  very  rapid  in  their  movements, 
and  vanished  instantaneously.  From  llh  p.m.  clouds  and  moonlight  inter- 
fered much  with  the  observations.  The  meteor  at  9h  58m  50**  was  very  re- 
markable. During  the  last  few  days  there  have  been  several  large  meteors 
each  evening  between  9h  15m  p.m.  and  10h  15m  p.m." 

On  the  night  of  the  11th  the  sky  was  entirely  overcast. 

At  Birmingham,  on  the  night  of  the  8th  of  August,  the  sky  was  clear  from 
9h  50m  p.m.  until  llh  50m  p.m.,  and  Mr.  W.  H.  Wood,  observing  alone,  re- 
corded fourteen  meteors  in  two  hours.  Two  of  these  meteors  exhibited  in- 
termittent light. 

On  the  night  of  the  9th  the  sky  became  clear  soon  after  9h  30m  p.m.,  and 
forty-one  meteors  were  recorded  by  Mr.  Wood  in  three  hours.  Between 
llh  20m  p.m.  and  midnight  there  was  a  remarkable  scarcity  of  meteors,  two 
meteors  only  being  seen  in  forty  minutes. 

The  sky  became  clear  on  the  night  of  the  10th  at  ten  o'clock,  and  forty- 
two  meteors  were  recorded  by  Mr.  Wood,  observing  alone,  in  two  hours  and 

*  Described  at  length  in  the  Catalogue,  and  in  Mr.  Lowe's  MS.,  at  the  end  of  this  Re- 
port. 
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a  half.  Frequent  Hashes  of  lightning  were  seen  after  llb  15m  p.m.,  apparently 
beyond  the  horizon,  between  the  north  and  west.  Two  of  the  brightest 
meteors,  on  this  night,  appeared  at  12h  8m  and  12h  25m  a.m.  of  the  11th. 

On  the  night  of  the  11th  the  sky  was  clear  of  clouds  but  hazy  between 
10h  15m  p.m.  and  llh  35m  p.m.,  and  meteors  were  not  so  frequent  as  on  the 
previous  night.    In  the  half  hour  following  midnight  none  were  visible. 

The  largest  meteor  observed  during  the  display  appeared  at  12h  25m  a.m. 
on  the  11th.  This  meteor  was  as  bright  as  Venus,  of  orange  and  green 
colour,  and  left  in  its  course  an  emerald-green  massive-looking  train,  14° 
long  and  6'  broad  (see  fig.  1).  After  ten  seconds  it  assumed  a  serpentine 
form  (fig.  2),  and  shortened  itself  some  4°.  Eventually  the  extremities 
turned  round  westwards,  forming  the  segment  of  a  circle,  almost  at  right 
angles  to  the  meteor's  original  course  (fig.  3).  It  remained  visible  upwards 
of  half  a  minute. 

Fig.  1. 

™      •Hercules 
<'•  Fig.  3. 


Fig.  2. 


•  Hercules  _  m 

«•  "**  Hercules 

?  • 

Changes  of  a  meteor-streak,  1868,  August  11th,  12h  25«n  a.m. 

1.  At  first  appearance,  ab  =  14°,  width  =  6'. 

2.  After  10  seconds,  c  d  =  10° ;  vertical  height  of  undulation  =  45'. 

3.  After  20  seconds,  ef  =  5°  ;  g  h  =  2°.    Total  duration  more  than  30  seconds. 

The  following  is  a  general  summary  of  the  results  with  regard  to  the 
numbers,  magnitudes,  colours,  &c.  of  the  meteors  observed  by  Mr.  Wood  on 
the  several  nights : — 

Pate,  Interval,  G.  M.  T.,  No.  of  meteors  AyerageNo. 

1868,  from  to  seen  by  one   per  hour  for 

August  h    m  h    m  observer.      the  night 

8th  k...     9  50  p.m 1150  p.m...      14    ..        7 

9th  to  10th....     9  30    „    ....10  30    „    ..      22} 

10  30    „    ....  11  30    „    . .       9     ..      14 

11  30    „    ....  12  30a.m...      10  I 


10th  to  11th....  10  30  „  ....1130  p.m...     23 

11  30  „  ....  12  30  a.m.  . .      18 , 
11th  to  12th....     9    0  „  ....    9  30  p.m.. 

10  30  „  ....  11  30    „    ..      10  ' 

12  0  „  ....  12  30a.m.. 


17 
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list  of  Percentage  of  the 

Radiant-points  whole  number  of 

in  simultaneous  meteors,  directed 

activity.  from  each  Radiant. 

lyPersei 3(T 

yPersei 20 


Cassiopei© 


iam3 

*1>    *-2>  3> 


QG 

Undetermined 


20 
10 
5 
5 
0 
1 


>ioo. 


Contemporaneous 

Radiants  of  former 

August  meteoric 

showers,  quiescent  in  1868. 

d  Camelopardi. 
Tc  Persei. 
NU,(H),BG,B3. 

E. 


Percentage  numbers  of  the  whole,  with  regard  to  apparent  magnitudes  and 
colours : — 

As  bright  as  Venus,  Jupiter,  Sinus,  lst-mag.*,  2nd  do.,  3rd  do.  and  under. 

Percentage/     1  4  12  30  24  29 

Numbers.  \9         10  34  47 

Colours : — white,  green,  yellow  <fc  orange,  blue. 
40  per  cent,  of  the  meteors  left  persistent  trains. 

"  From  the  foregoing  numbers  it  will  be  seen  that  the  shower  differs  in 
many  particulars  from  those  previously  recorded,  in  accuracy  of  radiation, 
presenting  fewer  radiant-points  and  a  less  confused  appearance ;  while  the 
presence  of  green,  yellow  and  orange,  and  of  train-bearing  meteors  in  such 
large  proportions  makes  it  conspicuously  different  from  the  August  meteor- 
shower  in  1866  (vide  Report  for  that  year,  p.  141).  The  radiant  e  Cassio- 
peia) produces  nearly  the  same  percentage  number  of  meteors,  and  the  pro- 
portion of  1st-  and  2nd-magnitude  meteors  is  nearly  the  same,  as  in  the  August 
shower  of  1867  (vide  Report  for  that  year,  p.  409).  On  the  other  hand,  the 
hourly  numbers  are  double  of  those  in  1867,  and  agree  more  nearly  with  those 
observed  in  1866."  A  list  of  the  apparent  paths  of  the  foregoing  meteors 
(some  of  which,  recorded  in  R.A.  and  DecL,  and  by  alineations  with  the  neigh- 
bouring fixed  stars,  are  entered  in  the  present  Catalogue)  accompanies  Mr. 
Wood's  Report. 

At  London,  the  sky  was  completely  overcast  on  the  9th.     On  the  night  of 
the  10th,  Mr.  T.  Crumplen,  assisted  by  Mr.  J.  Dow,  counted  41  shooting- 
stars  in  two  hours,  between  9h  and  llh  p.m.,  the  following  numbers  of  the 
meteors  being  recorded  in  the  successive  half  hours  ending — 
1868,  August  10th,  9h  30m,     10h,     10h  30m,     llh 
No.  of  meteors  "j 
seen  by  two    I  9  15  9  8 

observers.     J 

The  sky,  which  was  partially  obscured  at  10*  30m,  became  totally  so  at  IP 
p.m.,  and  prevented  further  observations. 

"  These  meteors,  with  two  exceptions,  were  all  from  the  radiant-point  near 
/3  Camelopardi.  There  was  a  marked  absence  of  shooting-stars  from  other 
radiants.  The  whole  were  accompanied  by  luminous  trains,  which  faded  from 
the  ends  towards  the  centre,  being  broadest  in  the  middle,  as  in  previous 
years.  In  some  cases,  perhaps  in 'most,  they  only  attained  their  full  breadth 
after  the  disappearance  of  the  meteor.     The  general  colour  was  white,  inclined 

perhaps  to  orange.     The  average  length  of  path  was  not  less  than  15° 

The  uniform  appearance  of  the  meteors  was  a  striking  feature  of  the  shower." 

Clouds  presented  themselves  on  the  nights  of  the  11th  and  12th,  only  one 
other  metoor  being  observed  on  the  latter  date. 


.Total  41. 
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On  the  night  of  the  13th,  two  bright  and  five  smaller  meteors  were  noted 
in  forty-five  minutes,  radiating  from  near  i  Cassiopeias.  Prom  this  radiants 
point,  also,  the  two  exceptional  meteors  observed  on  the  night  of  the  10th 
were  directed. 

At  Hawkhurst,  on  the  nights  of  the  9th  and  11th,  the  sky  was  overcast. 
In  two  hours  and  a  half,  between  9h  30m  and  12h  p.m.  on  the  night  of  the 
10th,  twenty-three  meteors  were  registered,  and  many  others  were  seen,  of 
which  the  particulars  were  not  noted.  The  brightness  and  colours  of  the 
meteors  recorded  were  as  follows : — 

As  bright  as  Jupiter,  Sirius,  lst-mag.  *,  2nd  do.,  3rd  do.  and  under. 
No.  of       f     2  3  8  5  3 

meteors  noted.  \4        13        1 
Colours : — white,  green,  yellow,  red. 

Of  two  of  these  meteors,  which  appear  to  be  certainly  identified  with 
meteors  observed  at  London,  the  real  heights  are  given  (see  Nob.  6,  7  in  the 
Table)  at  p.  385  of  this  Keport. 

On  the  night  of  the  12th,  seventeen  meteors  were  recorded  in  the  two  hours 
preceding  midnight,  of  several  of  which  the  brightness  and  colours  were  noted 
as  follows : — 

As  bright  as  Sirius,  1st  mag.*,  2nd  do.,  3rd  do.  and  under. 
No.  of         f       3  7  5  1 

meteors  noted.  (2  . .         1 

Colours : —  white,  green,  yellow,  red. 

At  Winchfield,  Hants,  Mr.  C.  H.  Griffith  observed  between  10h  p.m.  on  the 
10th  and  lh  22m  a.m.  on  the  11th,  the  apparent  paths  and  instants  of  appear- 
ance of  thirty- nine  meteors.  Ground-fog  and  clouds  having  then  spread  over, 
prevented  further  observations.  The  apparent  sizes  and  colours  of  the  meteors 
were  recorded  thus : — 

As  bright  as  Jupiter,  lst-mag.  ,  2nd  do.,  3rd  do.,  4th  do.  and  under. 
No.  of         J      6  9  9  6  8 

meteors  recorded.  [25         3        2 
Colours  : —    white,  bluish,  red. 

Eleven  of  the  meteors  left  luminous  streaks.  Four  meteors  of  the  list  are 
identified  as  having  been  simultaneously  observed  by  Mr.  Wood  at  Birming- 
ham. 

At  Sunderland,  Mr.  T.  W.  Backhouse  watched  for  the  meteors  on  the 
nights  of  the  7th,  8th,  and  9th  of  August.  "  The  sky  was  clear  on  the  latter 
night,  and  thirty-five  meteors  were  recorded,  all  of  which,  with  only  three  or 
four  exceptions,  appeared  to  be  conformable.  The  meteors  came  very  irregu- 
larly; they  seemed  most  frequent  from  10h  40m  to  llh  10*  p.m.  Their 
average  rate  of  frequency  was  about  twenty-two  per  hour.  The  radiant- 
point  was  about  R.A.  2h  45m,  N.  Decl.  53°.  Most,  or  all  of  the  bright  ones 
left  trains." 

On  the  nights  of  the  10th  and  11th  the  sky  was  overcast. 

At  Wisbeack,  Cambridgeshire,  the  sky  was  cloudy  on  the  9th,  and  three 
meteors  radiating  from  Cassiopeia  were  observed.  On  the  night  of  the  10th 
the  sky  was  cloudless,  and  Mr.  S.  H.  Miller  noticed  a  shower  of  bright 
meteors  leaving  long  trains,  which  were  brightest  at  the  middle  of  their 
length.    On  the  night  of  the  11th  the  sky  was  again  overcast. 

At  Cambridge  tho  shower  was  seen  to  great  advantage  on  the  night  of 
the  10th,  by  Mr.  G.  Forbes ;  and  a  number  of  the  meteors  were  referred  to 
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the  constellations  in  the  neighhourhood  of  Cassiopeia,  to  determine  the  exact 
position  of  the  radiant-point. 

"  The  night  was  remarkably  clear;  and  many  meteors  were  seen  before  be- 
ginning to  record  them.  There  were  no  large  meteors ;  and  none  buret.  The 
trains  were  in  general  very  short,  if  not  merely  optical  illusions  *.  ^  When  a 
nucleus  was  visible  it  usually  passed  beyond  the  end  of  the  train,  being  extin- 
guished suddenly,  apparently  without  previous  diminution  of  size.   Two  meteors 

described  curves — the  first  an  open  curve,  and  the  second  thus,   »  ^ 

(see  fig.,  no.  6).  A  similar  meteor  to  the  last  was  observed  on  the  21st  of 
October,  1866,  when  a  meteor  traced  a  curve  round  /3  Auriga  thus,  ~  / 
No  meteors  came  from  the  radiant  that  I  found  last  year  in  Pisces,    t  %/ 

"  Attention  was  chiefly  confined  to  determining  the  position  of   ^ — 
the  radiant-point  from  paths  of  meteors  chiefly  close  to  Cassiopeia.     The 
point  appears  to  be  as  nearly  as  t  b  %,     T 

possible  at  E.A.2h16m,N.  P.  D.         _        A     A8      Az         *    7    ^4 

"  The  meteors  always  came  v„---~\7  \  /          l*t       **tr^^  3 

several  at  a  time,    and  then  a  m           )S\\m?     */w  J%2^l 

pause.     Those  that  came  toge-  /   ^t?t~-35^^2-/    W 

ther  were  usually  in  the  same  /        /\N^f    <S~'~^ 

part  of  the  heavens."     The  fol-  /     ^y\&\fa^i  S — " — *" 

lowing  numbers  of  meteors  were  /      /7q\  7^  ^x  *W     — *6 

counted  in  the  successive  quar-  Q  I     <\            / 

ters  of  an  hour  ending  at —  B 

Date  and  Hour,  1868,  \      10th  (p.m.),  11*.  11th  (a.m.),  12\  lh. 

August  \&*    24»    3dm    54»     |     9m    24™    39m    54m     I   llm 

Number  of  conformable  1   3      13        5333555 

meteors.  J  |  | 

Total  number  of  oonformable  meteors  47        Average  hourly  number,  20. 

Number  of  erratic  meteors 6 

Total  number  seen  in  211 16"1 53 

"  On  the  night  of  the  llth-12th  the  sky  was  clear  after  half-past  11,  but 
the  moon  too  bright  for  observations  after  1  o'clock.  The  paths  were  very 
short,  and  only  five  were  near  enough  to  the  radiant  to  be  mapped  (repre- 
sented by  dotted  lines  in  the  figure,  1.  to  v.).  These  are  quite  discordant ; 
b^jt  it  appears  that  the  radiant  of  yesterday  is  not  that  of  to-day,  A  being 
the  position  of  yesterday's  and  B  about  that  of  to-day's.  Yesterday  it  was 
remarkable  how  much  truer  to  the  radiant-point  the  meteors  were  than  last 
year  t ;  to-day  seven,  at  the  very  most,  came  from  about  A,  nearly  all 
whose  directions  I  could  produce  backwards  coming  from  nearer  to  B. 

"  Two  meteors  on  this  night  appeared  to  pass  beyond  their  trains  with 
undiminished  brilliancy,  till  they  were  suddenly  extinguished ;  they  were, 
however,  too  rapid  and  short-lived  for  me  to  be  perfectly  certain  about  it." 
One  such  meteor  was  observed  at  12h  33m ;  the  train  of  another  meteor,  which 
appeared  at  12h  37°*,  and  which  was  very  bright,  appeared  to  be  broken  in 
the  middle.     The  streak  only  lasted  half  a  second. 

The  following  numbers  of  the  meteors  were  counted  in  the  successive 
quarters  of  an  hour  ending  at — 

*  The  brightness  of  the  moonlight  may  have  diminished,  in  some  degree,  the  apparent 
brightness  and  duration  of  the  streaks. 

f  In  the  figure,  a  is  the  position  of  the  radiant  for  1867.  Aug.  10— at  B.  A  2*  43", 
N.P.D.29o30'- 
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12th  (a.m.),  12* 
12m    27m    44m 

Total 
numbers. 

Average  num« 
ber  per  hour. 

3        5        5 

17 

16 

1        0        2 

4 

Algol 


a     Cassiopeia, 
Radiant 


Date  and  hour,  1868,      \  11th  (p.m.) 

August                 \  11*  57m 

Number  of  conformable  1  a 
meteors.               j 

Do.  erratic.  1 

At  Airthy  near  Falkirk,  in  Scotland,  the  apparent  paths  of  nine  meteors 
were  recorded,  and  three  other  shooting-stars  were  seen,  by  Mr.  Howlett, 
during  the  hour  from  10h  to  llh  p.m.,  on  the  evening  of  the  9th. 

"  The  courses  of  all  but  two,  which  radiated  from  Pegasus,  were  directed 
from  a  point  in  the  midst  of  a  triangle  formed  by  Algol,  y  Andromedae,  and 
Cassiopeia,  as  shown  in  the  accompanying  figure — or  at  the  centre  of  the 
quadrilateral  formed  by  those  two  stars 
with  the  extreme  bright  stars  (/j  and  e) 
of  Cassiopeia. 

"  Clouds  and  a  dense  haze  overspread 
the  sky  so  thickly  on  the  night  of  the 
10th,  that  only  three  bright  meteors 
could  be  distinguished  through  the  fog, 
between  10h  and  llh  p.m.,  clearly  indi- 
cating, however,  a  considerable  activity  .  ,  A  _  _ 
of  the  shower."                                                                  *  Y  Andromeda 

Heights  of  the  meteors  simultaneotisly  observed. — On  comparing  together  the 
observations  made  at  the  several  stations,  eleven  meteors  are  identified,  from 
the  list,  as  having  been  simultaneously  observed  at  two  stations,  whose  names 
are  indicated,  for  shortness,  in  the  following  Table,  by  their  initial  letters, 
viz.  Birmingham  (B.),  Hawkhurst  (Ha.),  Highfield  House  Observatory  (Hi.), 
London  (L.),  Winchfield  (W.).  Tho  corresponding  observations  are  placed 
in  the  foregoing  Catalogue ;  while  the  times  of  appearance  recorded  at  the  first 
place  of  observation,  and  the  particulars  of  apparent  size  and  train  observed 
at  both  stations,  are  entered  in  the  following  Table.  The  real  heights  at 
first  appearance  and  disappearance,  and  the  directions  approximately  calculated 
from  the  observations  by  means  of  graphical  projections  of  the  apparent  paths 
recorded  at  the  two  stations,  aro  entered  in  the  last  columns  of  the  Table. 

Table  of  Heights  of  August  Meteors  observed  in  England  in  1868. 


6 

Date. 

1868, 
Aug. 

Time  of  ap- 
pearance at 
first  station, 
GhM.T. 

c 
-go 

(A 

Apparent 

size  as  per 

stars. 

Appearance 

Height  in  B.S. 
miles  at 

Approximate 

radiant-point,  and 

remarks. 

duration. 

1st  ap- 
pear- 
ance. 

Disap- 
pear- 
ance. 

I. 

II. 

I. 

II. 

I. 

II. 

1. 
2. 
3. 
4. 
5. 
6. 

7. 

8. 

9. 
10. 
11. 

9th 

»» 
>» 

10th 
»* 

M 

>» 
»» 

lith 

h    m   s 

10    5  25  p.k. 
12  40    „ 
17    2    „ 
46    0    „ 

12    0    2  a.m. 
9  43    0  p.m. 

10  36    0    „ 

46    0    „ 

11  7    0    „ 
33    0    „ 

12  8    0  a.m. 

Hi. 
Hi. 
Hi. 
Hi. 
Hi. 
L. 

L. 

B. 
B. 
B. 
B. 

B. 
B. 
B. 
B. 
B. 
Ha. 

Ha. 

W. 
W. 
W. 
W. 

2 

1  + 
1  + 
2 
2 

2 

3 

Sirius 
2 

1 
1 
1 
1 
1 
2 

1 

3 

i 

with 

with 
with 

with 

with 

20  sees. 

with 
with 
with 
with 
with 

with 

8sec8. 

with 

3  sees. 

105 
65 
57 
60 
67 
69 

29 

93 

54 

80 

101 

47 
38 
52 
50 
43 
51 

23J 

59 
41 
52 
42 

e  Pegasi. 
rj  Persei. 
Telescopium. 
Aries. 

y  Andromedxe. 
X  Persei. 

A  very  doubtful  ac- 
cordance. 
Perseus.    See  infrh. 
Perseus.    See  infrh. 
See  infrh. 
Cassiopeia.    See  inf. 

The  observations  of  No.  7,  although  agreeing  well  together,  exhibit  such 
a  considerable  parallax  as  to  make  the  reality  of  the  accordance,  if  possible, 
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still  very  doubtful.  The  apparent  paths  of  the  meteors  8,  9, 10,  as  recorded 
at  Birmingham,  require  to  be  prolonged  towards  the  points  of  disappearance, 
and  to  be  shortened  at  the  points  of  first  appearance,  while  opposite  correc- 
tions nearly  equal  in  amount  (about  8°)  require  to  be  applied  to  the  apparent 
paths  observed  at  Winchfield,  in  order  to  satisfy  tho  conditions  of  simul- 
taneous observation.  The  discrepancy  of  the  observations  in  each  case  would 
be  explained  by  supposing  those  at  Birmingham  to  have  reference  to  an  early 
view,  and  those  at  Winchfield  to  refer  to  a  view  of  a  somewhat  later  portion 
of  the  visible  path  of  the  same  meteor. 

The  direction  of  the  meteor  No.  11  relatively  to  tho  two  stations  is  not 
favourable  for  very  exact  determinations  of  its  height,  which  are,  accord- 
ingly, affected  by  probable  errors  of  many  miles  for  1°  of  error  in  the  observa- 
tions. The  same  probable  error  in  the  other  meteors  of  the  list  does  not,  in 
any  case,  exceed  2  or  3  miles. 

(6)  Heights  of  shooting-stars  observed  at  Gottingen  (G.)  and  Pekeloh  (P.) 
on  the  night  of  the  llth-12th  of  December,  18(55,  graphically  deter- 
mined by  Professor  Heis  (H.),  and  calculated  by  M.  Borgen  (B.). 


Ref. 

No. 

Date, 
1805, 
Dec. 

Hour, 

Gottingen 

M.  T. 

Mag. 

as  per 

Streak. 

Height  in  B.  S.  miles. 

stars. 

Beginning. 

End. 

G. 

P. 

H. 

B. 

H. 

B. 

1. 
2. 
3. 
4. 

11 
11 
11 
11 

h   in    s 
9  12  30 

39  15 
10  39  30 

57  22 

3 
3 
5 
1 

2 

4 
2 

1 

with 

with 
with 

68 
104 

59 
101 

82 

97 

49 

103 

56 
89 
36 
23* 

54 
84 
22 
63* 

(c)  Heights  and  other  particulars  of  the  August  meteors  in  1866,  by  Pro- 
fessor Heis  (Astronomische  Nachrichten,  July  1867). 
The  meteors  were  most  abundant  on  the  nights  of  the  9th,  10th,  and 
11th  ;  and  the  position  of  the  radiant-point  appeared  to  vary  on  successive 
nights  between  H.  Camelopardi  and  if  Persei.  The  following  heights  of  me- 
teors were  observed  at  Blumenthal  (B.)  and  Leer  (Le.). 


Ref. 

No. 

Date, 
1866, 
Aug. 

Hour, 

Miinster 

M.T. 

Station 

where 

observed. 

Mag.  as 
per  stars. 

Height  in  B.  S. 
miles. 

Beg. 

End. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

9 

9 

9 

9 

9 

9 

9 

9 

9 

11 

11 

12 

h   m     s 

9  25    5 

54    7 

57  49 

10  7  28 
21  44 
29    9f 
38    5 
59    9 

11  12  10 

10  41  44 

11  55  49 
9  58    2 

M.,  Li. 
M.,Lo. 
M.,  Li. 
Pa.,  Pe. 
M.,  Pe. 
Pa.,  B. 
M.,  Pa. 
Pa.,B. 
M.,B. 
Pa.,  Le. 
Pa.,  Pe. 
Pa.,  Le. 

1,2 
4,  1 
2   2 
h  1 
2,  1 
2,  3 

1,  3 

2,  3 
1,  1 

1,  2 

2,  3 
2,  2 

39 
84 
32 

143 
41 
82 
97 

180 
67 
36 
55 
40 

28 
65 
25 
36 
31 
41 
39 
77 
18 
25 
37 
14 

*  The  apparent  point  of  disappearance  is  regarded  as  correctly  observed  at  Pekeloh  by 
Dr.  Heis,  and  at  GtSttingen  by  M.  Borgen ;  the  apparent  flight  having  been  recorded  as 
much  longer  at  the  former  place  than  at  the  latter.  The  great  discrepancy  of  the  heights 
of  a  meteor,  so  differently  inferred  by  different  computers  from  the  same  observations, 
may,  in  this  way,  frequently  be  accounted  for. 

t  Printed  10*  59™  9»  in  the  «  Astronomische  Nachrichten.' 
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Lippstadt  (p.)*  Miinster  (M.),  Papenburg  (Pa.),  and  Pekeloh  (Pe.).  The 
position  of  Bfiimenthal  is  E.  long.  7°48'-3,  N.  lat.  53°  11' ;  and  of  Leer,  E. 
long.  13°  41'«5  *,  N.  lat.  53°  15'.  The  positions  of  the  remaining  stations,  with 
a  map,  are  already  given  in  former  Reports  (for  1863,  p.  323 ;  and  1865, 
p.  125). 

IE.  Aerolites,  Large  Meteors,  and  Star-showebs. 

a.  Aerolites. 

1.  Knyahinya,  1866,  June  9,  4h  56m  p.m.  (local  time). 

Second  Report  of  Br.  ffaidinger,  with  maps,  drawings  of  the  stone,  and 
tinted  plate  of  the  meteor(Vienna  Acad.  Sitzungsbericht,  vol.  liv.  pt.  2,  Oct.  11, 
1866). — In  addition  to  the  brilliant  fireball,  whose  light  in  broad  day  was  like 
that  of  a  faint  flash  of  reddish  lightning,  and  which  was  chiefly  visible  at  a 
distance  from  the  place  of  fell  (Eperies,  Rakamaz,  &c. ;  see  Report  for  1866, 
p.  133),  the  following  unusual  phenomena  attended  the  stonefalL  Nearly 
simultaneously  with  the  appearance  of  a  small  bluish  cloud  in  the  air  over 
Sztricsava,  near  Knyahinya,  there  was  heard  at  that  place,  and  for  many 
miles  round,  a  sharp  report,  like  that  of  a  six-pounder  cannon,  followed  for 
ten  minutes  by  a  rumbling  sound  like  that  of  water  boiling,  the  rumbling  of 
a  cart  on  a  pavement,  or  of  stones  striking  together.  Three  or  four  minutes 
after  the  first  report  stones  were  seen  to  fell  at  various  places  over  an  extent 
of  area  measuring  from  N.N.E.  to  S.S.W.  about  9  miles  in  length,  and  about 
3|  miles  in  breadth  from  W.N.W.  to  E.S.E.  The  stones  when  picked  up 
were  lukewarm,  as  if  shone  upon  by  the  sunt,  or  even  as  warm  as  if  taken 
freshly  from  an  oven.  One,  of  the  size  of  a  plum,  which  fell  upon  a  linen  cloth, 
did  not  singe  it.  The  smaller  stones  did  not  penetrate  the  earth  more  than  a 
few  inches,  or  lay  upon  the  surface.  One  of  moderate  size,  which  fell  through 
a  tree  at  the  door  of  the  inn  at  Knyahinya,  broke  from  it  a  branch  half  an 
inch  in  thickness ;  and  ten  such  branches  were  broken  by  a  larger  stone,  in 
its  fall  through  an  apple-tree,  beneath  which  it  was  found.  Many  other 
stones  were  seen  to  fall.  That  which  weighed  73£  lbs.  (Austrian)  penetrated 
the  firm  sandstone-earth  of  the  district  to  a  depth  of  2  feet.  About  100 
paces  from  it,  three  weeks  after  the  occurrence,  was  found  a  hole  4  feet  wide 
and  4 J  feet  deep,  round  which  the  earth  had  been  scattered  to  a  distance  of 
30  yards.  On  sounding  the  hole  a  firm  stone  was  discovered  at  a  depth  of 
11  feet  below  the  surface.  The  aerolite  was  exhumed.  It  was  found  to  be 
broken  across,  and,  with  the  remaining  pieces  discovered  in  the  same  hole, 
weighed  about  300  kilogrammes  (660  lbs.  English).  The  direction  of  pene- 
tration was  from  N.  31°  E.,  altitude  63°.  Its  position,  a  league  N.E.  from 
Knyahinya,  occupies  the  extreme  N.N.E.  corner  of  the  general  area  of  the 
fall.  Another  very  large  stone  is  said  to  have  fallen  about  two  miles  S.W. 
from  Knyahinya,  which  could  not  be  discovered.  Since  the  fall  of  an  aerolite 
related  by  Pliny  to  have  taken  place  at  ^Egospotamos,  about  465  B.C.,  which 
was  a  full  waggon-load,  this  is  the  largest  fragment  of  an  aerolite  (not  inclu- 
ding masses  of  meteoric  iron)  on  record.  The  following,  according  to  Dr. 
Haidinger,  are  the  weights  (avoirdupois)  of  the  largest  recorded  specimens  of 
other  aerolites,  viz.  Ensisheim,  280  lbs. ;  Juvenas,  240  lbs. ;  New  Concord, 
103  lbs. ;  Parnallee,  130  lbs.     The  two  large  and  two  smaller  pieces  into 

*  Printed  52°  6'5  in  the  * Astronomische Nachrichten,'  i. e. 32° 6'-5 E. long. from Ferro. 
t  And  not,  as  stated  in  Dr.  Haidinger'e  first  report,  but  corrected  by  later  communica- 
tions, "ice-cold." 
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which  the  stone  was  fractured  by  the  fall  are  placed  in  the  Geological  Museum 
at  Vienna,  together  with  a  number  of  smaller  aerolites  of  the  same  fall,  some 
of  which  are  perfect  specimens  of  the  stones. 

Up  to  the  24th  of  September,  1866,  fragments  of  which  the  following  are 
the  numbers  and  weights  (Austrian)  had  been  collected  on  the  site  of  the  fall:— ■ 

lbe. 

1  fragment 550 

5  fragments,  of  73|,  30, 17,  14,  6  lbs.,  together 140£ 

20  „        of  between  2  lbs.  and  4  lbs.     „        60 

50  or  60  „        of  smaller  weights  „        100 

Total,  about  80  fragments,  weighing 850£ 

Dr.  Haidinger  estimates  that,  on  a  moderate  allowance  for  those  which 
fell  undiscovered,  at  least  1000  aerolites  fell,  and  that  the  whole  mass  must 
have  weighed  not  less  than  8  or  10  cwts. 

2.  Pultusk,  Poland,  1868,  Jan.  30,  6h  50"  p.m.  (local  time). 

Report  of  Dr.  J.  G.  Galle  on  the  fall,  and  on  the  meteor's  path  in  space 
(Abhandlung  der  schlesischen  Gesellschaft  fur  vaterl.  Cultur,  March  4, 1868). 
— A  great  shower  of  aerolites  took  place  near  Pultusk,  25  miles  N.  from 
Warsaw,  over  a  space  four  and  a  half  miles  in  length,  from  Obryte  (E.  long. 
20°  47',  N.  lat.  52>  42')  to  Sielc  (E.  long.  20°  38'  30",  N.  lat.  52?  47'),  in  a 
direction  from  S.S.W.  to  N.N. E.,  and  only  one  mile  in  breadth.  The  largest 
aerolite,  weighing  10  lbs.,  was  found  at  Makoff,  the  extreme  N.N.E.  point  of 
the  space  of  fall.  Those  found  at  Sielc  weighed  between  3  lbs.  and  4  lbs. ; 
and  the  remaining  stones,  becoming  gradually  less  towards  the  S.S.W., 
weighed  on  the  average  2  lbs.,  1  lb.,  and  |  lb.,  as  far  as  Obryte,  where  aero- 
lites of  the  smallest  size  only  fell,  of  weights  not  exceeding  |  lb.  The  direc- 
tion and  manner  of  their  distribution,  it  will  be  seen  shortly,  coincides  nearly, 
but  not  quite,  with  the  direction  of  the  meteor's  course.  The  stones  are 
shaped  like  splintered  fragments  of  a  larger  mass,  rounded  at  the  edges  and 
coated  over  with  a  dull,  brown  or  black  crust,  glittering  here  and  there  with 
grains  of  metallic  iron.  In  the  interior  of  one  perfect  aerolite  was  found  a 
solid  piece  of  metallic  iron  of  the  size  of  a  cubic  inch. 

Ten  seconds  before  the  heavy  report  which  accompanied  the  stonefall  at 
Sielc,  and  3|  minutes  before  the  sound  of  the  report  was  heard  at  "Warsaw, 
an  intensely  brilliant  fireball  exploded  over  the  neighbourhood,  with  such 
dazzling  brightness  that  it  was  seen  as  far  as  Miillrose  (230  B.  S.  miles),  and 
at  Frankfort  on  the  Oder  (415  miles  from  the  place  of  fall).  Although  the  sky 
was  overcast,  and  even  the  moon's  light  was  darkened  by  a  snowfall,  the  illu- 
minating power  of  the  meteor  at  the  latter  place  was  so  intense  that  the  light 
of  the  gas-lamps  in  the  streets  was  overpowered.  At  Weringerode,  on  the 
Harz  Mountains  (also  415  miles  from  the  place  of  fall),  the  windows  and  the 
outline  of  a  house  a  mile  off  could  be  plainly  distinguished  by  its  light,  which 
lasted  five  seconds,  although  the  meteor  there  shone  at  a  very  small  altitude 
above  the  horizon.  The  meteor  appeared  first  as  a  small  shooting-star,  gra- 
dually increasing  in  splendour  and  changing  from  a  star  to  a  conical  form, 
scattering  sparks,  and  leaving  a  train  of  carmine  colour  on  its  course,  until, 
from  a  bluish  bolide  of  ordinary  appearance,  it  became  a  well-defined  fireball 
of  red  colour,  and  burst  into  a  shower  of  sparks,  which  descended  vertically 
over  Sielc 

Dr.  Galle  estimates  the  height  of  the  explosion  at  25  miles  above  the  earth ; 
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and  this  agrees  with  the  interval  between  the  light  and  the  report  at  War- 
saw (although  not  quite  so  well  with  that  observed  at  Sielc).  From  this 
point  the  aerolites  descended  vertically  upon  Sielc  with  such  slight  velocity 
that  none  of  the  stones  were  buried  in  the  ground.  A  flight  of  115  miles  in 
about  6f  seconds,  descending  from  a  height  of  160  or  185  miles  at  first  ap- 
pearance, nearly  represents,  according  to  the  observations  at  Breslau  and 
Dantzig,  the  meteor's  real  path.  The  point  of  radiation  (\p  Piscium)  is  only 
23°  from  the  point  opposite  to  the  "  apex  of  the  earth's  way."  The  relative 
velocity  of  the  meteor  with  respect  to  the  earth,  depending  on  the  duration  of  its 
flight,  6  J  seconds,  which  is  a  mean  result  of  twenty-six  independent  observa- 
tions, is  17  miles  per  second ;  so  that  the  meteor  appears,  in  its  real  orbit  in 
space,  to  have  pursued  and  overtaken  the  earth  directly  in  its  path,  with 
an  inclination  to  the  latter  of  only  11°,  and  with  a  real  progressive  velocity 
in  its  course  of  35  B.  S.  miles  per  second. 

The  following,  according  to  Dr.  Galle,  are  the  hyperbolic  elements  of  the 
orbit  of  the  meteorite,  which  cannot  be  reduced  within  the  limits  of  the  para- 
bolic form,  unless  by  nearly  doubling  the  assumed  time  of  the  meteor's  dura- 
tion, or  by  supposing  its  apparent  path  at  Dantzig  to  be  diminished  by 
nearly  one  half  (from  38°  to  20°),  a  supposition  which  is  not  by  any  means 
easily  reconcilable  with  the  remaining  observations : — 

Perihelion  Passage,  1868,  Jan.  22-5. 

Long,  of  perihelion 116° 

Long,  of  # 310° 

Inclination    6° 

Log.  perihelion  dist 9*9841 

Log.  £  major  axis 9*8778 

Excentricity 2-277 

Motion  direct. 

A  change  of  the  assumed  velocity,  Dr.  Galle  adds,  would  principally  affect 
the  excentricity  and  £  major  axis,  without  sensibly  altering  the  values  of  the 
remaining  elements  of  the  orbit. 

Report  of  Dr.  Haidinger  on  the  stonefall  (Vienna  Acad.  Sitzungsbericht, 
vol.  lvii.  pt.  2.  March  1868). — The  site  of  the  shower  of  aerolites,  of  which 
the  three  largest  stones  weighed  respectively  2  lbs.,  4  lbs.,  and  10  lbs.,  is 
between  Ostrolenka  and  Pultusk,  forty  miles  N.E.  from  Warsaw.  The  small- 
est of  the  three  large  stones  is  in  the  Mineralogical  Museum  at  Vienna.  It 
is  an  equilateral  wedge,  2  or  3  inches  wide,  and  3  or  4  inches  long ;  its  faces 
marked  with  circular  depressions,  and  glazed  over  with  a  thin  dull-black  crust. 
In  its  structure  it  coincides  with  Partsch's  group  of  Eichstadt,  Barbotan, 
Timochin,  Zebrak,  and  Gross-Dwina,  to  which  may  now  be  added  Zerkon 
and  Bustee,  all  of  which  have  large  contents  of  iron  and  a  high  specific  gra- 
vity, 3-55-3-70 ;  that  of  the  Sielc  aerolites  is  3-66.  Their  substance  is  tu- 
faceous,  grey  or  brown,  containing  darker  spherules  intimately  admixed  with 
iron  and  a  small  quantity  of  Troilite.  A  polished  section  exhibited  black 
lines,  with  a  fine  thread  of  metallic  iron  running  in  them,  which  apparently 
represent  the  planes  of  friction,  fissure,  or  striation  not  uncommonly  met  with 
in  terrestrial  rocks.  Many  other  stones  were  picked  up  on  the  site  of  the 
fall ;  and  the  shower  of  aerolites  is  supposed  by  Dr.  Haidinger  and  by  Dr. 
Galle  to  have  entered  the  atmosphere  as  a  swarm  of  separate  stones,  like 
those  aerolitic  showers  which  fell  at  Barbotan,  L'Aigle,  Stannern,  Orgueil, 
and  Knyahinya. 
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3.  Yilla  Nova,  Casale,  Piedmont,  1868,  February  29th,  llh  a.m.  (local  time). 

Note  by  P.  F.  Denza  (Bullettino  Meteorologico  del  Coll.  E.  Alberto  di 
Moncallieri,  Turin). — A  mass  of  fire,  surrounded  by  cloud,  moving  with  great 
velocity,  was  seen  at  a  considerable  height  above  Yilla  Nova  (E.  long.  8°  27, 
N.  lat.  45°  8')  near  Casale.  It  was  followed  by  two  violent  detonations,  at 
an  interval  of  a  few  seconds,  and  by  a  prolonged  report,  like  rapid  file -firing, 
which  was  heard  as  far  as  Alessandria,  seventeen  English  miles  from  Casale. 
Three  stones  reached  the  ground,  each  of  which  struck  the  earth  with  a  heavy 
sound.  The  locality  of  the  fall  is  between  Villa  Nova  and  La  Mota  dei  Conu 
(E.  long.  8°  30').  The  largest  of  the  stones,  weighing  about  15  J  lbs.  avoird. 
fell  north  of  Villa  Nova,  and  buried  itself  in  the  ground  to  a  depth  of  14 
inches.  The  second,  weighing  nearly  3  lbs.,  struck  the  earth  a  mile  and  a  half 
from  the  first,  a  few  feet  from  a  peasant,  at  whose  feet  it  buried  itself  in  the 
earth  to  a  depth  of  20  inches.  The  third,  which  was  probably  \  lb.  or  |  lb. 
in  weight,  struck  the  ground  close  to  a  lady,  who  witnessed  its  descent,  two 
miles  from  the  spot  where  the  second  stone  descended ;  and  it  was  broken  in 
pieces  by  the  fall. 

The  second  stone  presents  in  its  outline  a  series  of  sinuosities,  while  the 
largest  stone  is  bounded  on  three  faces  by  plane  surfaces,  meeting  each  other 
at  right  angles.  Its  entire  surface  is  coated  with  a  yellowish  bronze-coloured 
glaze,  resulting  from  external  fusion  of  its  substance,  which  is  also  found  on 
one  face  of  each  of  the  broken  fragments  of  the  smallest  stone.  The  freshly 
fractured  surfaces  exhibit  the  interior  structure  of  the  aerolite,  whitish,  and 
granular  in  its  texture,  like  fine-grained  granite,  wherein  the  microscope  re- 
veals throughout  a  number  of  bright  metallic  specks.  The  stones  are  strongly 
attracted  by  the  magnet.     Their  specific  gravity  is  3*6. 

This  is  the  third  shower  of  aerolites  that  has  occurred  in  the  vicinity  of 
Casale  during  the  last  interval  of  fifty  years.  A  large  meteor  was  observed 
on  the  Adriatic  coast  on  the  morning  of  the  aerolitic  fall,  and  another  large 
fireball  on  the  evening  of  the  same  day  at  Alessandria. 

6.  Large  Meteor  of  the  1st  January,  1868,  7*  27m  a.m.     (See  Catalogue.) 

At  Ropley,  Hampshire. — The  appearance  of  the  streak  is  thus  described 
by  Mr.  A.  Harding : — u  The  meteor  left  behind  it  a  luminous  train  which 
appeared  as  a  streak  of  silver  in  the  sky,  disjointed  about  12°  from  the  point 
of  starting ;  and  in  the  latter  portion  two  bright  spots  were  visible,  the  first 
nearly  round,  and  the  second  pear-shaped,  the  tail  being  still  produced  about 
1°  beyond  the  latter  spot.  About  two  minutes  after  its  appearance  the  for- 
mer part  of  the  train  took  a  wavy  motion,  which  continued  for  five  minutes, 
when  a  cloud  intercepted  the  view.  Fifteen  minutes  after  the  appearance  of 
the  meteor  the  cloud  cleared  away,  and  the  streak  apparently  was  as  bright 
as  ever ;  but  the  cloud  again  interposed ;  and  when  the  streak  was  again 
seen,  at  forty-seven  minutes  past  seven,  it  was  perceptibly  fading,  having 
lasted  fully  twenty  minutes.  At  this  time  the  sky  became  overcast,  prevent- 
ing my  seeing  the  final  disappearance  of  this  magnificent  meteor." 

At  Southampton. — Appearance  of  the  streak,  as  described  by  Mr.  F.  L. 
Wollaston : — '*  At  7h  30m  a.h.  there  was  a  perfectly  clear  sky,  except  a  few 
clouds  very  low  on  the  horizon  ;  a  slight  breath  of  air,  just  enough  to  show 
its  direction  by  the  smoke  of  chimneys,  coming  from  about  N.E.  On  the  dis- 
appearance of  the  meteor  there  was  a  narrow  line  of  light  throughout  the 
whole  of  its  course.  The  greater  part  of  this  disappeared  within  a  few  mi- 
nutes ;  but  small  portions,  gradually  disappearing,  remained,  assuming  the 
appearance  of  very  narrow,  thin,  white  clouds.     One  very  short  part  (say, 
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about  one-thirtieth  of  the  whole  course)  was  visible  for  forty  minutes,  until 
8h  10m,  when  it  disappeared  immediately  over,  and  in  consequence  of  the  in- 
creasing light  from,  the  sun.  This  short  part  had  been  very  slowly  moving 
during  those  forty  minutes  in  an  easterly  direction,  and  therefore  against  the 
wind  as  it  blew  on  the  surface  here." 

c.  Star-showers. 
1.  The  August  Meteors  in  1867. 
The  August  meteoric  shower,  in  1867,  was  more  irregular  in  the  time  and 
place  of  its  appearance,  as  remarked  by  M.  Quetelet,  than  it  appears  to  have 
been  observed  in  any  previous  year.  A  great  scarcity  of  meteors  about  mid- 
night on  the  night  of  the  10th  was  observed  at  many  places,  and  especially 
in  Italy — at  Milan  by  Prof.  Schiaparelli,  at  Palermo  by  Prof.  Cacciatore,  and 
at  Varallo,  in  Piedmont,  by  Prof.  Calderini.  The  following  are  the  numbers 
counted  by  the  latter  observer,  watching  alone,  the  sky  being  perfectly  clear, 
and  the  moon  uniformly  bright  throughout  the  time  of  the  observations : — 

Numbers  of  meteors  observed  at  Yarallo  in  the  hours  ending 


10h 

llh 

12h 

lh 

2h 

1867. 

P.M. 

P.M. 

P.M. 

A.M. 

A.M. 

August    9  to  10 

6     .. 

5     . 

.       9     . 

.            9        . 

.     30 

„      10  to  11 

1    .. 

7     . 

.       8     . 

.       3     . 

0* 

„      11  to  12 

9     . 

.     14     . 

.     11     . 

.     11     . 

5* 

Two  great  maxima,  however,  appear  to  have  occurred-— one  on  the  morning 
of  the  11th,  and  another  on  the  morning  of  the  12th.  The  first  maximum  is 
recorded  by  Prof.  Bagona  in  the  following  Table  of  observations  at  Modena, 
continued  to  a  late  hour  on  the  morning  of  the  11th  : — 


Numbers  of  meteors  counted  at  Modena  by  four  observers,  in 

the  hours 

ending 

llh 

12h 

1* 

2h 

3* 

4* 

1867. 

P.M. 

P.M. 

A.M. 

A.M. 

A.M. 

A.M. 

Lugusl 

t  8to    9 



.         11 

..        17        . 

.     50     , 

..     24f 

.  .       

ft 

9  to  10 

23     . 

.     23 

..     57     . 

.     77     , 

..     76 



99 

10  toll 

11     . 

.       8 

..     59     . 

.     86     . 

..  197 

..     67+ 

A  great  abundance  of  meteors  towards  three  o'clock  a.m.,  on  both  morn- 
ings of  the  11th  and  12th,  was  also  noted  by  Father  Parnisetti,  Prof.  Porrati, 
and  their  assistants  at  Alessandria,  a  group  of  ten  or  twelve  meteors,  on  the 
morning  of  the  12th,  sometimes  appearing  together  in  one  minute.  The 
sky  was  perfectly  clear  throughout  the  observations. 

Numbers  of  meteors  observed  at  Alessandria,  by  four  observers  J. 


Number  of 

Hourly 

Turin  M.  T. 

Interval. 

meteors 

number  of 

from 

to 

counted. 

meteors. 

1867. 

h    m 

h  m 

h  m 

gust  9  ... 

1    10  A.M. 

2   10  A.M. 

1     0 

79 

79 

„     10... 

12  55    „ 

3    0    „ 

2    5 

225 

108 

„    11  ... 

1  50    „ 

3  34    „ 

1  44 

262 

151 

„    12  ... 

2  15    „ 

3  43    „ 

1  28 

209 

184 

„    13  ... 

3  16    „ 

4    0    „ 

0  44 

45 

61 

*  Counted  in  half  an  hour.  After  this  time  observations  were  discontinued  on  account 
of  the  scarcity  of  the  meteors. 

t  Counted  in  half  an  hour. 

X  This  and  the  previous  Tables  are  taken  from  the  pamphlet  by  Father  P.  Denza,  '  Le 
Stelle  Cadenti  di  Agosto  osservate  in  Piemonto  nel  1807,'  12mo,  Turin,  1867. 
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"  At  Florence. — Professor  Donati  reports  (Bullettino  Meteorologico,  Sep- 
tember 1867)  the  following  results  of  observations  on  the  number  and  time 
of  maximum  frequency  of  the  meteors. 


Date. 

Number  of  meteors  Been  during  the  hour  ending  at 
(Florence  M.  T.) 

Total. 

No.  of 
Observers. 

1867. 
August. 

10h 

P.M. 

11* 

P.M. 

12h 

P.M. 

lh 

A.M. 

2h 

A.M. 

3" 

A.M. 

4h 

A.M. 

9  to  10 

10  to  11 

11  to  12 

12  to  13 

13  to  14 

6 
32 

27 
6 
3 

35 
48 
27 
24 
6 

25 
39 
30 
12 
6 

29 
50 
34 
14 
6 

51 

122 

53 

18 

9 

61 

160 
94 

28 
7 

30 
106 
86 
28 
10 

237 
557 
351 
130 
47 

3 
4 
3 
2 
1 

Total  1322  meteors;  972  conformable. 

"  The  maximum  deduced  from  this  Table  was  from  two  to  three  o'clock  on 
the  morning  of  the  11th  of  August."  (Prof.  H.  A.  Newton,  in  Silliman's 
Journal,  2nd  ser.  vol.  xliv.  p.  427.) 

Radiant-region  of  the  shower. — The  area  of  radiation  of  the  August  me- 
teors, as  shown  by  Prof.  Twining,  appears  to  undergo  changes  of  its  position 
on  successive  days ;  and  the  same  may  perhaps  also  occur  in  successive  years. 
According  to  the  observations  of  Mr.  R.  P.  Greg  in  1866  and  1867,  con- 
firmed by  those  of  Mr.  W.  H.  Wood,  the  radiant-region  in  those  years  ap- 
peared to  be  elongated,  or  to  advance  during  the  shower  from  near  e  Cassio- 
peia to  near  a  Persei,  the  meteors  from  the  former  radiant-point  appearing 
to  Mr.  Greg  to  be  swifter  than  the  rest.  A  gradual  passage  from  the  radiant 
Nu  at  the  foot  of  Cassiopeia's  chair,  commencing  in  July,  to  that  for  the  10th 
of  August  in  Perseus,  A10,  is  possibly  an  explanation  of  the  peculiar  feature, 
that  meteors  from  the  direction  of  Cassiopeia  are  visible  as  early  as  the  16th 
and  17th  of  July,  moving  very  swiftly,  and  leaving  very  persistent  streaks. 

At  Winchendon,  Mass.,  U.S.A.,  Mr.  F.  W.  Russell  reports  that  on  the  7th 
of  August,  1867,  between  9h  45m  and  10h  45m  p.m.  there  were  observed 
u  eight  meteors,  all  from  a  radiant  near  e  and  B  Cassiopeiae."  The  radiant 
gradually  passed  down  into  Perseus ;  and  on  the  11th  it  was  at  R.  A.  47°  45', 
N.  P.  D.  31° ;  while  on  the  12th  it  was  at  R.  A.  50°,  N.  P.  D.  33°,  "  having 
moved  towards  p  Persei,  and  a  little  towards  a  also.  Moreover  the  area 
seemed  elliptical,  the  major  axis  being  in  declination,  and  with  a  ratio  to  the 
minor  axis  of  5 : 2."     (Ibid.) 

2.  The  November  Meteoric  Shower  in  1867. 
The  '  Zeitschrift  der  osterreichischen  Gesellschaft  f iir  Meteorologie/  vol.  iii. 
No.  3,  contains  the  following  announcement  of  the  appearance  of  the  Novem- 
ber meteoric  shower  of  1867  in  Europe  : — "  Some  interesting  observations  on 
this  subject  appear  in  Heis's  *  Wochenschrift  fur  Astronomic.'  At  Vegesack* 
Dr.  C.  Behrmann  kept  watch  himself,  almost  in  vain,  throughout  the  whole 
night  until  7h  a.m.  ;  the  bright  moonlight,  and  a  thick  fog  which  rose  up  late 
in  the  night,  prevented  him  from  observing  more  than  a  few  shooting-stars, 
which  came  from  the  constellation  Leo.  A  friend,  however,  of  Dr.  Behrmann, 
whose  attention  had  been  directed  to  the  expected  return  of  the  phenomenon, 
saw  the  sky  at  8h  a.m.,  on  the  morning  of  the  14th,  quite  overspread  with 
meteors,  whose  appearance  in  the  increasing  twilight  and  in  the  thick  fog  was 

*  N.  lat.  53°  11 ',  E.  long.  8°  4CK;  near  Bremen,  on  the  Weser,  in  Hanover. 
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like  small  swarms  of  gnats.  They  seemed  to  start  from  a  point  in  the  south, 
and  emanated  thence  in  all  directions.  He  even  saw  some  crossing  in  front 
of  the  sun's  disk  when  it  was  still  low  upon  the  horizon.  Other  persons,  to 
whom  it  was  pointed  out,  also  witnessed  the  phenomenon.  It  appears  to  have 
been  most  brilliant  at  about  8h  30m  a.m.  ;  after  9h  a.m.  nothing  further  was 
perceived. 

"  '  At  Calmar*  in  Sweden/  according  to  the  '  Ostsee  Zeitung,'  '  an  un- 
usually brilliant  star-shower  was  observed ;  early  in  the  morning,  the  Cal- 
marsund  was  lighted  up  by  thousands  of  falling  meteors.' " 

Among  the  preparations  for  the  display  in  1867,  a  partially  successful 
attempt  was  made,  on  the  occasion  of  this  return  of  the  November  meteors, 
by  M.  W.  de  Fonvielle  to  surmount  the  clouds,  and  to  view  the  shower,  at 
Paris,  in  Mr.  Giffard's  "  captive  balloon.,,  Although  the  experiment  was  not 
carried  out  on  the  night  of  the  13th-14th  of  November,  a  still  more  adven- 
turous voyage,  in  a  free  balloon  filled  with  pure  hydrogen  gas,  and  lent  by 
Mr.  Giffard  for  the  purpose,  was  commenced  at  Paris,  under  the  guidance  of 
the  same  practical  observer,  M.  de  Fonvielle,  accompanied  by  M.  Jules  Go- 
dard  as  aeronaut,  and  M.  A.  V.  Weyenberch,  shortly  before  midnight  on 
the  following  evening,  and  terminated  at  daybreak  on  the  coast  of  Bel- 
gium. A  star-chart,  a  telescope,  a  barometer,  and  other  instruments  for 
observation  were  taken  up;  and  although  the  height  attained  did  not  exceed 
a  few  thousand  feet,  a  clear  atmosphere  was  reached,  and  observations  were 
obtained  of  several  shooting-stars  not  visible  to  observers  on  the  earth's 


Although  the  attempt  to  establish  a  floating  observatory  for  observing  the 
meteoric  display  on  the  morning  of  the  14th  of  November  last  was  obliged  to 
be  abandoned,  yet  the  experiment  of  the  following  night  successfully  proved 
that  the  hindrance  of  clouds  to  the  observation  of  shooting-stars  can  be  re- 
moved by  means  of  balloon  ascents  on  rare  and  important  occasions  of  their 
appearance.  Ascents  in  balloons  for  scientific  purposes,  if  arranged  to  take 
place  by  night  on  the  periodical  star-shower  dates  of  the  10th  of  August  and 
14th  of  November,  might,  on  account  of  the  extensive  horizon  visible  from 
such  a  great  elevation,  be  the  means  of  tracing  to  their  origin  in  distant  me- 
teors the  unaccountable  flashes  of  light  "like  distant  lightning "  which, 
however  clear  and  fine  the  weather  may  be,  are  so  often  visible  during  the 
appearance  of  a  meteoric  shower. 

III.  Papers  bearing  on  Meteoric  Astronomy. 

Among  the  discussions  of  interest  in  this  branch  of  observation,  the  pro- 
bable connexion  of  comets  and  shower-meteors  was  first  reduced  nearly  to 
a  certainty  by  the  publication  of  M.  G.  V.  Schiaparelli's  letters  to  Father 
Secchi,  in  the  Bullettino  Meteorologico  del  Collegio  Komano,  vol.  v.  Nos.  8, 
10,  11, 12. 

In  the  first  letter,  M.  Schiaparelli  communicates  some  observations  on  the 
August  meteors  of  the  years  1863  and  1866,  made  at  Milan,  to  which  (in  a 
later  letter)  he  applies  the  name  of  "  Perseids  "  from  the  constellation  which 
usually  contains  their  centre  of  divergence.  A  comparison  of  the  average 
horary  increase  in  the  frequency  of  meteors,  throughout  the  year,  from  even- 
ing until  daybreak,  with  a  mathematical  formula  for  the  same  variation  in 
terms  of  their  velocity,  leads  M.  Schiaparelli  in  his  opening  letter  to  con- 

*  N.  lat  66°  30',  E.  long.  16°  20' ;  opposite  to  the  Island  of  Oland ;  not  far  from  Carl- 
fiorona,  at  the  southern  extremity  of  Sweden. 

1868.  2  E 
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elude  that  the  real  average  velocity  of  shooting-stars  in  their  native  orbits 
round  the  sun  is  not  far  (1*447)  from  that  of  comets  moving  in  parabolic 
orbits,  which  is  greater  than  the  earth's  mean  orbital  velocity  at  the  same 
distance  from  the  sun  in  the  proportion  of  1*414 : 1. 

In  the  second  letter  the  origin  of  meteoric  currents  is  discussed,  of  which 
more  than  fifty  can  be  traced  which  have  their  points  of  radiation  in  the 
northern  hemisphere,  and  it  is  shown,  by  their  various  inclinations  to  the 
ecliptic,  and  occasional  retrograde  motions,  that  shower-meteors  rather  re- 
semble comets  than  planetary  bodies  indigenous  to  the  solar  system.  Should 
the  meteoric  groups  come  to  the  sun  from  stellar  space,  then,  since  the 
August  meteors  have  been  frequently  observed  since  the  date  of  their  first 
recorded  appearance,  in  the  year  a.d.  830,  they  must  compose  streams  of  enor- 
mous length.  Supposing  a  cosmical  cloud  of  meteoric  bodies,  of  the  sun's 
sise,  to  be  moving  in  space  transversely  to  its  distance  of,  say,  20,000  times 
the  earth's  distance  from  the  sun,  with  a  velocity  relatively  to  the  sun  of  100 
yards  per  minute,  in  its  approach  to  the  sun  it  would  pass  near  enough  to 
encounter  the  earth,  and  its  orbit  could  not  then  be  distinguished  from  a 
parabola.  It  will  be  deformed  in  its  course  into  a  parabolic  stream,  requiring 
four  months  and  a  half  to  pass  through  its  perihelion.  At  the  middle  of 
that  time  its  depth  at  that  point  will  be  only  100  yards,  its  width  twenty- 
three  miles,  and  its  density  400  million  times  its  original  density,  while  its 
two  extremities  will  reach  in  both  directions  almost  up  to  the  orbit  of  the 
earth.  A  nebula  subtending,  under  the  same  initial  circumstances  as  the  last, 
1'  of  arc  would  occupy  more  than  225  years  in  passing  through  its  perihelion. 
Its  depth  would  then  be  36,  and  its  width  13,800  miles.  Its  density  would 
be  increased  in  the  same  proportion  as  before ;  and  its  length  along  the  para- 
bolic orbit  would  reach,  on  both  sides,  four  times  the  distance  of  Neptune  from 
the  sun.  If  the  apparent  diameter  of  the  nebula  were  at  first  equal  to  that 
of  the  sun,  it  would  occupy  seven  thousand  years  in  passing  through  its 
perihelion.  In  this  way  meteoric  currents,  enduring,  like  that  of  August,  for 
hundreds  or  even  for  thousands  of  years  can  be*  accounted  for,  whether  their 
motion  may  be  direct  or  retrograde,  or  at  whatever  obliquities  they  are  in- 
clined to  the  ecliptic. 

In  the  third  letter  the  origin  of  the  November  meteors  is  considered,  and 
a  summary  is  given  of  the  new  theory  of  shooting-stars. 

From  the  known  weight  of  aerolites,  and  the  absence  of  any  solid  residues 
on  the  occurrence  of  even  the  greatest  star-showers,  the  small  mass  of  shoot- 
ing-stars may  be  certainly  inferred.  The  grains  of  olivine  disseminated  in 
meteorites,  regarded  by  M.  Daubree  as  forming  a  kind  of  "  universal  scoria" 
(see  post),  may  not  impossibly  compose  their  nuclei,  whose  weight,  at  the 
most,  can  rarely  exceed  a  few  grains.  At  the  earth's  distance  from  the  sun 
a  swarm  of  such  particles  a  few  feet  apart  would  be  broken  up  by  the  sun's 
attraction  into  a  stream  in  which  each  particle  would  pursue  an  independent 
orbit.  Even  in  the  densest  meteoric  showers  the  meteoric  bodies  are  some 
scores  of  miles  asunder,  corresponding  to  thousands  of  miles  apart  in  the 
distant  nebula.  The  sun's  attraction  must,  accordingly,  gradually  deform 
all  meteor-clouds  circulating  within  the  solar  system  into  a  continuous 
stream  or  closed  ring ;  and,  on  this  account,  the  November  star-shower  is  a 
recent  group,  derived  from  regions  beyond  the  solar  system. 

The  new  theory  of  shooting-stars  is  contained  in  the  following  proposi- 
tions : — 

"  I.  Matter  exists  in  space  in  every  degree  of  subdivision.  Masses  of  the 
first  class  are  isolated  stars,  or  stars  collected  together  in  groups.    Those  of 
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the  second  class  are  clusters  of  small  stars  (or  "  star-dust "  of  Herschel),  in 
which  class  are  many  resolvable  nebulae.  The  next  class  are  smaller  bodies, 
which  become  visible  as  comets  when  they  approach  the  sun.  The  last  class 
of  bodies,  in  the  smallest  state  of  subdivision,  are  cosmical  clouds,  composed 
of  bodies  no  larger  than  we  can  handle  or  carry  on  the  earth. 

"  H.  The  last  class  of  bodies  may  have  originated  from  local  concentra- 
tions in  space,  in  the  same  way  that  chemical  substances  crystallize  from  their 
solutions.  The  appearance  of  the  process  of  crystallization  leads  to  the  con- 
jecture that  this  mode  of  concentration  is  more  frequent  and  general  than  the 
process  by  which  larger  masses  have  collected.  The  space  occupied  by  the 
cosmical  clouds  may,  accordingly,  constitute  a  large  part  of  the  intrastellar 
regions. 

"  III.  The  motions  of  such  clouds  relatively  to  the  visible  bodies  of  the 
universe  are  comparable  to  those  of  the  fixed  stars,  and  probably  attributable 
to  the  same  causes.  When  a  cosmical  cloud  enters  the  sphere  of  the  sun's 
attraction,  it  can  only  become  visible  to  us  when  its  orbit  about  the  sun  is  an 
ellipse  of  very  great  excentricity. 

"  IY.  Whatever  may  be  the  shape  and  size  of  a  cosmical  cloud,  it  can 
rarely  enter  the  central  parts  of  the  solar  system  without  being  transformed 
into  a  parabolic  current,  which  may  occupy  years,  centuries,  or  thousands  of 
years  in  completing  its  perihelion  passage,  in  the  form  of  a  stream  extremely 
narrow  in  comparison  with  its  length.  Of  such  streams  those  which  the 
earth  encounters  in  its  annual  revolution  present  themselves  as  a  shower  of 
shooting-stars  diverging  from  a  common  centre  of  radiation. 

"  V.  The  number  of  meteoric  currents  traversing  the  solar  system  in  all 
directions  is  probably  very  great.  The  extreme  rarity  of  their  materials 
permits  them  to  intersect  each  other  mutually  without  disturbance.  They 
may  gradually  shift  and  change  their  form,  like  rivers  which  slowly  change 
their  bed.  They  may  be  interrupted,  so  as  to  become  double  or  multiple. 
The  November  meteors  are  probably  such  a  current  in  process  of  formation. 

"  YL  Cosmical  clouds  having  short  periods  of  revolution  round  the  sun, 
which  have  been  assumed  to  explain  the  appearances  of  shooting-stars,  can- 
not exist  permanently  without  violating  the  laws  of  universal  gravitation. 

"TIL  The  materials  of  parabolic  currents,  after  passing  through  their 
perihelion,  return  to  space  in  a  state  of  greater  dispersion  than  before  their 
perihelion  passage.  In  particular  cases,  as  when  the  current  meets  with  a 
planet,  such  great  perturbations  of  some  of  the  meteors  jnay  arise  as  to  di- 
vert them  from  the  general  track,  into  special  orbits.  Such  meteors  may, 
from  that  time,  be  properly  called  sporadic. 

"  VIII.  Shooting-stars  and  other  like  celestial  bodies,  which  in  the  last 
century  were  regarded  as  atmospheric,  which  Olbers  and  Laplace  first  main- 
tained might  be  projected  from  the  moon,  and  which  afterwards  came  to  be 
regarded  as  planetary  bodies,  are  in  reality  bodies  of  the  same  class  as  the 
fixed  stars ;  and  the  name  of  falling  stars,  applied  to  them,  simply  expresses 
the  real  truth.  They  bear  the  same  relation  to  comets  which  the  planetoids 
between  Mars  and  Jupiter  bear  to  the  largor  planets,  the  smallness  of  iLe 
masses,  in  both  cases,  being  compensated  for  by  the  greatness  of  their  number. 

"  IX.  Since  it  may  certainly  be  assumed  that  shooting- stars,  bolides,  and 
aerolites  only  differ  from  each  other  in  their  comparative  size,  we  may  conclude 
that  the  substances  fallen  from  the  sky  are  samples  of  those  of  which  the 
stellar  universe  is  composed  ;  and  since  in  such  masses  no  new  chemical  ele- 
ment has  been  discovered,  hitherto  unknown  upon  the  earth,  the  similarity 
of  composition  of  all  the  visible  bodies  of  the  universe,  already  rendered  pro- 
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bable  by  researches  with  the  spectroscope,  acquires  a  new  argument  of  cre- 
dibility." 

In  the  fourth  letter  M.  Schiaparelli  traces  a  connexion  between  the  ele- 
ments of  the  orbits  of  the  "  Perseids,"  or  of  the  long  elliptic  current  of  me- 
teoric bodies  which  produce  the  August  meteors,  and  those  of  the  orbit  cal- 
culated by  Oppolzer  for  the  Comet  III.  1862.  The  following  comparion  shows 
that  the  two  orbits  are  nearly  identical. 

The  Perseids,  1866.         Comet  III.  1862. 

Perihelion  passage July  23-62  1862  Aug.  22-9 

Passage  through  the  8  .  -      Aug.  10-75 

Longitude  of  perihelion  . ,  343°  38'  344°  41' 

Longitude  of  Q 138°  16  137°  27' 

Inclination 64°  3'  66°  25' 

Perihelion  distance 0-9643  0-9626 

Motion retrograde.  retrograde. 

Period  of  revolution  108  113    (Stampfer.) 

In  the  same  letter  M.  Schiaparelli  gives  the  elements  of  the  elliptic  orbit 
of  the  November  meteors,  assuming  their  period  to  be  33-3  years. 

The  average  real  velocity  of  meteors  found  by  M.  Schiaparelli  in  his  first 
letter  is  nearly  confirmed,  from  his  own  observations,  by  Prof.  Wolf,  of  Zurich, 
who,  using  the  same  formula  of  calculation,  finds  for  its  value  1-51,  M.  Schia- 
parelli's  result  from  nine  similar  series  of  observations  to  those  of  Prof.  Wolf 
being  1-477.    (Les  Mondes,  2nd.  ser.  vol.  xiii.  p.  24.) 

The  publication  of  M.  Schiaparelli's  last  letter  was  anticipated  by  Father 
Secchi  in  his  description  of  the  November  shower  of  meteors  in  1866  (see 
Les  Mondes,  2nd  ser.  vol.  xii.  p.  647,  20th  Dec.  1866),  the  fourth  letter 
only  appearing  in  the  monthly  Number  of  the  Bullettino  Meteorologico  for  the 
31st  of  December,  1866,  and  the  former  letters  in  the  Numbers  for  the  pre- 
vious months. 

At  a  meeting  of  the  Soctete'  Scientifique  de  France  on  the  14th  of  January, 
1867,  and  in  a  subsequent  paper  in  the  *  Comptes  Rendus'  (January  21st), 
M.  Le  Terrier  announced  the  introduction  of  the  November  meteoric  group 
into  its  present  orbit  to  have  been  probably  effected  by  the  planet  Uranus  ; 
within  a  short  distance  of  whose  orbit  the  aphelion  of  the  long  elliptic  orbit 
of  the  meteors,  with  a  period  of  33-25  years,  must  be  situated;  and  the  meteors 
themselves  must  nearly  have  encountered  the  planet  in  the  year  a.d.  126. 
Before  that  time  their  orbit  may  have  been  either  within  or  beyond  the  re- 
gions of  the  planetary  orbits.  M.  Le  Verrier  adds  that  "  there  is  nothing 
to  oblige  us  to  suppose  that  the  group  did  not  originally  belong  to  the  solar 
system/'  In  later  letters  *  M.  Schiaparelli  suggests  that  either  of  the  two 
planets  Saturn  or  Jupiter,  rather  than  Uranus  (on  account  of  the  comparatively 
small  sphere  of  attraction  of  the  latter  planet  being  more  calculated  to  dis- 
perse than  to  deflect  a  group  of  meteoroids  from  a  very  long  elliptic  into  an 
elliptic  orbit  of  the  short  period  of  33-25  years),  may  have  been  instrumental  in 
bringing  the  November  meteors  into  their  present  close  proximity  to  the  earth. 
It  should,  however,  be  observed  that  the  meteoric  group  does  not  pass  so  near 
the  orbits,  nor  remain  so  long  in  the  neighbourhood  of  either  of  those  planets, 
as  it  approaches  to  the  planet  Uranus,  partly  in  consequence  of  the  inclina- 
tion of  the  orbit  to  the  plane  of  the  ecliptic,  and  partly  because  of  the  more 
rapid  motion  of  the  meteors  near  the  sun  than  at  the  point  of  their  more  dis- 
tant appulse  with  the  latter  planet  t« 

*  Lee  Monde*,  2nd  ser.  vol.  xiii.  p.  251. 

t  Sir  J.  Herschel's  « Outlines  of  Astronomy/  9th  Edition  (1868),  Note  to  Art  902. 
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A  remarkable  discovery  was  made  shortly  after  these  announcements,  on 
the  publication  (Astronomische  Nachrichten,  No.  1624)  by  Oppolzer,  of  the 
corrected  elements  of  the  Comet  I.  1866,  that  the  orbit  of  the  comet  coin- 
cides almost  perfectly  with  the  long  elliptic  orbit  of  the  November  meteors 
having  a  period  of  33*25  years.  Tie  note  of  Mr.  Peters,  dated  January  the 
29th,  is  in  the  same  No.  1624  of  the  'Astronomische  Nachrichten;'  and  those  of 
Oppolzer  and  Schiaparelli,  announcing  the  same  discovery,  are  in  an  imme- 
diately following  Number  (1626)  of  the  same  Journal.  In  '  Les  Mondes '  for 
the  21st  of  February  (2nd  ser.  vol.  xiii.  p.  287),  and  in  Father  Secchi's 
Bullettino  Meteorologico  for  the  last  day  of  February  1867  (vol.  vi.  No.  2), 
there  appeared  additional  letters  of  M.  Schiaparelli  on  the  subject  of  this 
second  newly  found  connexion  between  comets  and  meteoric  showers. 

In  that  addressed  to  « Les  Mondes '  *,  a  convincing  comparison  of  the  ele- 
ments of  the  two  orbits  is  thus  given  by  M.  Schiaparelli,  viz. : — 

Elements  of  the  Orbits  of  the  November  Meteors,  and  of  Comet  I. 

(1866.)  1866. 

Passage  through  the  8 Nov.  13575 

„            „         perihelion..  Nov.  10-092  Jan.  11-160 

Long,  of  the  perihelion 56°  25' -9  60°  28'-0 

„     Q 231°28'-2  231°26'-1 

Inclination    17°44'-5  17°18'-1 

Perihelion  distance   09873  0-9765 

Excentricity 0-9046  0-9054 

Semiaxis  major 10-340  *       10-324 

Periodic  time  of  revolution 33-250  yrs.  33-176  yrs. 

Motion retrograde.  retrograde. 

To  establish  the  reality  of  this  resemblance,  it  was  desirable  to  place  beyond 
a  doubt  the  assumed  correctness  of  the  long  elliptic  orbit  of  the  November 
meteors  with  a  periodic  time  of  33-25  years.  The  researches  of  Professor 
Adams,  with  this  object  in  view,  which  appeared  in  the  *  Monthly  Notices  of- 
the  Royal  Astronomical  Society 9  for  March  1867,  are  thus  noticed  by  Prof.  H. 
A.  Newton  t,  by  whom  the  importance  of  this  inquiry  was  first  pointed  out,  in 
a  paper  noticed  in  these  Reports  (for  1864,  p.  96)  on  "  the  original  accounts 
of  the  displays  in  former  times  of  the  November.  Star-showers,  and  the  pro- 
bable orbit  of  the  group  of  bodies  around  the  Sun." 

"  It  was  shown  some  time  ago  (this  Journal,  II.  xxxviii.  57)  that  the  pe- 
riodic time  of  the  November  meteors  must  be  one  of  five  accurately  determined 
periods.  These  five  periods  were  180-0  days,  185-4  days,  354-6  days,  376-6 
days,  and  33-25  years.  The  longitude  of  the  node  was  also  shown  to  increase 
with  respect  to  the  ecliptic  r-711  in  a  year,  which  is  equivalent  to  a  procession 
with  respect  to  the  fixed  stars  of  29'  in  a  cycle  of  33-25  yeare.  It  was  also 
suggested  that  by  computing  the  secular  motion  of  the  node  for  each  one  of 
the  five  possible  orbits,  and  by  comparing  it  with  the  observed  motion,  we 
have  an  apparently  simple  means  of  deciding  which  of  the  five  orbits  is  the 
true  one. 

"  Soon  after  the  remarkable  display  of  the  meteors  in  November  of  last 
year  J,  Prof.  Adams  undertook  the  examination  of  this  question.  Taking 
first  the  orbit  corresponding  to  a  periodic  time  of  354-6  days,  he  found  that 
the  action  of  Jupiter  produces  an  annual  increase  of  the  longitude  of  the  node 
equal  to  6",  and  that  of  Venus  an  annual  increase  equal  to  5".    The  action 


*  Dated  at  Milan,  the  2nd  of  February. 

t  American  Journal  of  Science,  2nd  ser.  vol.  xlir.  p.  127. 

[{  1866,  Not.  13-14.] 
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of  the  earth  was  not  so  easily  computed,  owing  to  the  intersection  of  the  two 
orbits.  An  approximate  solution  applicable  to  this  case  showed,  however, 
an  annual  increase  of  the  longitude  of  the  node  of  about  10"  due  to  this 
cause.  The  whole  computed  procession  of  the  node  was  therefore  about  21" 
a  year,  or  12*  in  the  cycle  of  33*25  years. 

"  The  periodic  time  376*6  days  gives  a  result  not  widely  different  from  the 
above,  while  in  the  two  smaller  orbits  there  would  be  a  much  smaller  motion. 
Hence  these  four  orbits,  out  of  the  five  possible  ones,  are  incompatible  with 
the  observed  motion  of  the  node. 

u  Computing,  then,  the  effect  of  the  perturbing  action  of  the  planets  upon  the 
group,  supposing  it  to  have  a  periodic  time  of  33-25  years,  Prof.  Adams  found 
that  Jupiter  increases  the  longitude  of  the  node  20'  in  one  revolution,  that 
Saturn  increases  it  7',  and  Uranus  increases  it  1' ;  the  other  planets  produce 
hardly  any  sensible  effect ;  so  that  the  entire  calculated  increase  of  the  lon- 
gitude of  the  node  in  the  period  of  33*25  years  is  about  28'.  The  observed 
increase  during  the  same  time  is  29'.  This  remarkable  accordance  between 
the  results  of  theory  and  observation  appears  to  leave  no  doubt  as  to  the  cor- 
rectness of  the  period  of  33*25  years." 

Supposing  a  meteor-current  to  be  the  regular  concomitant  of  a  comet, 
whose  presence  on  the  same  orbit  with  the  comet  can  only  be  perceived  at  a 
point  of  encounter  with  the  earth,  a  list  of  those  comets  whose  orbits  most 
nearly  approach  the  orbit  of  the  earth,  was  prepared  by  Dr.  Weiss,  of  Vienna, 
(Astron.  Nachrichten,  No.  1632).  The  distance  of  such  a  comet  from  the 
sun  in  the  ecliptic  (r),  at  the  place  of  its  ascending  ( Q )  or  descending 
node  (8),  is  nearly  equal  to  the  earth's  distance  (supposed  unity)  from  the 
sun  at  the  instant  of  its  nodal  passage  through  the  plane  of  the  comet's  orbit. 
The  following  list  contains  the  data  thus  obtained  by  Dr.  Weiss. 


Date  of 

Nodal 

Comet. 

Node. 

r. 

Remarks. 

Shower. 

passage. 

Jan.     1-  4. 

Jan. 

3. 

n.  1792 

8 

0-983 

1-4. 

4. 

IV.  1860 

8 

0-985 

18-20. 

18. 

1672 

8 

1-046 

18-20. 

20. 

I.  1840 

8 

0-948 

28. 

26. 

1092 

8 

0-977 

Feb.  13-14. 

Feb. 

13. 

IV.  1854 

8 

0-973 

13-14. 

14. 

IV.  1858 

8 

0-973 

Mar.    5-10. 

Mar. 

8. 

HI.  1854 

8 

1025 

5-10. 

8. 

1490 

Q 

0-960 

5-10. 

13. 

1683 

8 

1-047 

16-20. 

16. 

1763 

8 

1-020 

16-20. 

16. 

IV.  1862 

8 

0-982 

Apr.  16-25. 

Apr. 

16. 

I.  1830 

8 

0-923 

16-25. 

17. 

837 

8 

1-026 

Very  uncertain  orbit. 

16-25. 

20. 

I.  1861 

8 

1-003 

P  =  415  years. 

16-25. 

22. 

H.  1748 

8 

0-886 

16-25. 

24. 

HI.  1790 

8 

1-052 

May  18-26. 

_ 

— 

July  27-30. 

July 

27. 

n.  1737 

8 

9-995 

Aug.    7-13. 

Aug. 

9. 

H.  1852 

8 

1-025 

7-13. 

9. 

HI.  1862 

8 

1-019 

P  a  113  years. 

16-20. 

19. 

II.  1862 

8 

1-039 
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Table 

(continued). 

Date  of 
Shower. 

Nodal 
passage. 

Comet. 

Node. 

r. 

Bemarks. 

Sept.    1-  5. 

_ 

_„ 

_ _ 

__ 

1&-25. 

Sept.    16. 

I.  1790 

8 

1-058 

Yery  uncertain  orbit. 

16-25. 

18. 

1763 

Q 

0-974 

Oct.  1&-26. 

Oct.     16. 

IV.  1864 

8 

1-045 

16-26. 

18. 

1779 

8 

0-972 

16-26. 

20. 

1739 

8 

1073 

16-26. 

21. 

1097 

8 

0-944 

16-26. 

24. 

1366 

8 

1-048 

Nov.        14. 

Nov.    13. 

I.  1866 

8 

— 

P  =  33-18  years. 

28. 

26. 

I.  1766 

8 

0-853 

28. 

28. 

Biela 

8 

1-004 

P  =  6-6  years. 

28. 

29. 

I.  1743 

8 

0-881 

Dec.     6-13. 

Dec.      9. 

IV.  1819 

8 

0-815 

P  =  4-8  years. 

On  calculating,  in  the  next  place,  the  point  of  radiation  which  a  meteoric 
shower  would  appear  to  have,  if  it  moved  in  the  same  orbit  as  Biela's  comet, 
Prof.  D*  Arrest,  of  Copenhagen,  found  (Astron.  Nachrichten,  No,  1633)  that 
it  agrees  very  closely  with  that  of  the  December  star-shower,  whose  maximum 
still  occurs  on  the  12th  of  December,  but  of  which  the  first  symptoms  can  be 
distinguished  as  early  as  the  29th  of  November.  The  earth  now  crosses  the 
orbit  of  Biela's  comet  on  the  latter,  but  in  the  last  century  on  the  former 
date.  The  great  shower  of  meteors  seen  by  Brandes  on  the  night  of  the  6th 
of  December,  1798,  may  very  possibly  have  been  connected  with  the  periodical 
reappearance  of  this  comet  in  the  following  year,  which  must  have  passed 
close  to  the  same  point  of  the  earth's  orbit  in  the  month  of  May  1799. 

From  the  elements  of  Comet  I.  1861,  Dr.  Galle,  of  Breslau  (Astron.  Nach- 
richten, No.  1635)  determined  the  radiant-point  which  the  cometary  particles 
would  appear  to  have  if,  on  the  date  of  the  earth's  passage  near  its  orbit 
(the  20th  of  April),  they  were  to  encounter  the  earth  as  meteors,  and  found 
for  its  apparent  place  long.  267°-2,  N.  lat.  57°*0,  about  seven  degrees  from 
the  place  (in  R.  A.  277°-5,  N.  Decl.  34°-6)  observed  by  Mr.  Herschel  in 
1864,  or  (in  R.  A.  278°-2,  N.  Decl.  34°-5)  by  Prof.  Karlinski  *  at  Cracow,  in 
1867,  as  the  position  of  the  radiant-point  of  the  great  star-shower  of  the 
20th  of  April,  already  noted  by  Herrick,  in  1839,  as  having  its  point  of  radia- 
tion near  aLyrae.  Assuming  that  the  meteors,  like  the  comet,  have  a 
periodic  time  of  415  years,  Dr.  Galle  gives  the  following  very  similar  ele- 
ments of  their  orbits — 

Meteors  of  April  20.  Comet  1. 1861. 


Longitude  of  perihelion  . .  236° 

Longitude  of  a    30° 

Inclination    89° 

Perihelion  distance 0-9550 

Excentricity 0-9828 

Semiaxis  major    65-72 

Periodic  time    415  years. 

Motion -.      direct. 


243° 
30° 
80° 

0-9204 
0-9835 
55-72 
415  years, 
direct. 


*  Dr.  Galle,  in  •  Astrqnomische  Jfaohrichten.' 
vol.  t.  p.  160. 


Bee  Astronomical  Begister  for  July  1867, 
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— as  indicating  very  probably  a  physical  connexion  between  this  comet  and 
the  current  of  the  April  meteors. 

Two  recently  discovered  periodical  comets  being  thus  pretty  certainly 
shown  to  be  connected  with  the  material  currents  which  give  rise  to  the 
August  and  November  meteors,  and  two  others  being  very  probably  identified 
with  the  meteor-currents  of  April  and  December,  the  community  of  origin 
(frequently  believed  by  writers  of  late  years  to  exist)  between  shooting-stars 
and  comets  appears  to  be  conclusively  established. 

To  assist  the  observation  of  luminous  meteors,  a  first  catalogue  of  shooting- 
stars  observed  in  Italy  during  the  years  1866-67  was  published  at  Milan  in 
July  of  last  year,  by  M.  Schiaparelli.  The  principal  object  being  to  ascer- 
tain the  positions  of  their  radiant-points,  certain  nights  of  the  year  were 
named  beforehand  by  M.  Schiaparelli  for  simultaneous  observations,  in  order 
to  multiply,  as  far  as  possible,  the  number  of  separate  meteors  recorded  by 
observers  cooperating  to  register  their  tracks  at  distant  stations  on  a  single 
night.  The  first  portion  of  the  catalogue  consists,  almost  entirely,  of  572 
observations  of  meteors, .  made  by  M.  G.  Zezioli,  assistant  director  of  the 
telegraph-office  [at  Bergamo,  between  the  26th  of  April  and  the  10th  of 
July,  1867. 


Names. 


Addresses  to  which  the  Meteor-Atlas  t  was  sent. 


Number  of 
copies. 


Bed-    Yellow- 
ruled,      ruled. 


Prof.  J.  C.  Adams The  Observatory,  Cambridge    , 

G.  B.  Airy,  Esq Royal  Observatory,  Greenwich,  London,  S.E.   .., 

Dr.  G.  von  Bogualaweki  Stettin,  Prussia  

Prof.  E.  W.  Bray  ley...  London  Institution,  Finsbury  Circus,  London,E.C 

16  Fitzroy  Square,  London,  W 

Universitat,  Giessen,  Prussia , 

The  University,  Cambridge 

Observatoire  du  Luxembourg,  Paris,  France 

18  Eaton  Street,  Regent's  Park,  London,  N.W.... 

Osservatorio  del  Coll.  R.  A.,  Moncalieri,  Turin, 
Piedmont    

Sternwarte,  Breslau,  Prussia 

Royal  Observatory,  Greenwich,  London,  S.E.   ... 

Outwood  Lodge,  Prestwich,  Manchester 

Dr.  W.  von  Haidinger  ]K.  k.  Akademie  der  Wissenschaften,  Wien,  Austria 

Prof.  E.  Heis Sternwarte,  Minister,  Prussia  

A.  S.  Herechel,  Esq — Andersonian  Institution,  Glasgow,  Scotland  .... 

M.  Le  Verrier   |Directeur  de  rObservatoire,  Paris,  France 

E.  J.  Lowe.  Esq The  Observatory,  Beeston,  Notts 

Mr.  B.  V.  Marsh  309  Market  Street,  Philadelphia,  U.  S.  America. 


C.  Brooke,  Esq. 

Dr.  O.  Buchner , 

Prof.  Challis 

M.  Coulvier-Gravier  * 
T.  Crumplen,  Esq.  ... 
P.  F.  Denza,  B 


Dr.  J.  G.  Galle.... 
Jas.  Glaisher,  Esq. 
R.  P.  Greg,  Esq. 


Frankenthal,  Palatinat,  Prussia 

Yale  College,  Newhaven,  Conn.,  U.  S.  America 

Museum  House,  Oxford    , 

Dir.  de  FObservatoire,  Bruxelles,  Belgium , 

Burlington  House,  Piccadilly,  London,  S.W...., 
Somerset  House,  Strand,  London,  W.C 

Prof.  G.  V.  Schiaparelli 'Osservatorio  del  Coll.  di  Brera,  Milano,  Italy  . 

Dr.  J.  F.  Schmidt The  Observatory,  Athens,  Greece 

Padre  Seochi Osservatorio  del  Coll.  Romano,  Roma,  Italy  .... 


Prof.  J.  H.  Neumayer 
Prof.  H.  A.  Newton  .. 

Prof.  J.  Phillips   

M.  Ad.  Quetelet    

The  Royal  Society, 
R.  Astron.  Society. 


Prof.  A.  C.  Twining 
W.  H.  Wood,  Esq. 


Yale  College,  Newhaven,  Conn.,  U.S.  America... 
1  Geelong  Terrace,  Friston  Street,  Birmingham 


Total  35  copies. 


*  Now  succeeded  by  M.  Cbapelas. 
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Mr.  Greg  having  undertaken  the  projection  of  M.  Zezioli's  observations 
on  the  appropriate  gnomonic  star-charts  of  the  British  Association,  several 
new  radiants  were  discovered,  and  the  positions  and  durations  of  old  ones 
were  found  to  be  confirmed,  and  of  others  to  require  only  inconsiderable  cor- 
rections, of  which  the  shortness  of  the  nights  and  the  consequent  scarcity  of 
meteor-observations  in  England  during  the  summer  months  had  hitherto 
prevented  the  determination  with  precision. 

The  preceding  list  of  radiant-points  of  the  northern  hemisphere,  corrected 
and  enlarged,  by  means  of  the  additional  observations,  from  that  formerly 
printed  in  these  Keports  (for  1864,  p.  99),  is  extracted  from  a  new  edition 
of  the  Atlas  of  plane-perspective  Meteor-charts  (for  1868)  of  the  Luminous- 
Meteor  Committee  of  the  British  Association,  which  will,  this  year,  be  offered 
for  sale  by  members  of  the  Committee,  at  the  price  of  lithographing  copies  of 
the  Atlas,  or  of  single  charts,  according  to  the  wants  and  occasional  require- 
ments of  observers  *. 

Besides  the  observations  of  shooting-stars  now  mentioned,  which  M. 
Schiaparelli  has  lately  published  in  the  Milan  f  Ephemeris  of  Astronomy,' 
three  memoirs  on  shooting- stars  observed  in  Piedmont  during  the  August 
and  November  star-showers  of  1866-67 1,  by  Father  F.  Denza,  Director  of 
the  Observatory  at  Moncalieri,  near  Turin,  contain  useful  abstracts  of  obser- 
vations, and  notices  of  recent  papers  on  meteoric  astronomy,  together  with 
instructions  for  future  systematic  observations  of  meteors  at  various  stations 
in  Piedmont. 

The  following  list  of  radiant-points  in  the  southern  hemisphere  (p.  405), 
compiled  by  Professor  Heis  from  nearly  2000  observations  of  shooting-stars 
made  by  Dr.  Neumayer  at  the  Flagstaff  Observatory  at  Melbourne,  is  taken 
from  the  Table  at  the  end  of  the  third  of  Father  Denza's  memoirs  J.  No 
great  star-shower  was  recorded  by  Dr.  Neumayer  as  having  been  seen  at 
Melbourne  during  the  period  of  five  years  (1858-63)  in  which  the  observa- 
tions were  carried  on. 

Professor  Heis  regards  the  observations  discussed  and  reduced  in  this  list 
as  of  peculiar  importance,  on  account  of  the  care  with  which  the  apparent 
paths  and  the  apparent  6ize,  colour,  duration,  <fcc.  of  the  meteors  were 
recorded.  Thirty-five  new  radiant-points  are  developed  in  the  southern 
hemisphere,  and  the  positions  of  four  previously  established  radiant-points 
(Sj,.,  4,  ,)  are  corroborated,  by  the  observations,  and  are  included  in  the 
southern  list.  Some  of  the  radiant  groups  sufficiently  resemble  those  obtained 
by  Professor  Heis  as  the  result  of  his  own  indefatigable  labours  in  the 
northern  hemisphere,  or  those  assigned  for  the  same  hemisphere  by  Mr.  Greg, 
so  as  to  make  in  these  cases  a  further  investigation  of  especial  interest. 

*  The  sale  of  the  maps,  at  a  rather  higher  price  (owing  to  the  expense  of  drawing  three 
new  charts  and  relithographing  the  old  plates  for  the  new  edition  of  the  Atlas)  than 
would  make  them  accessible  to  tho  majority  of  observers,  was  this  year  begun  at  Norwich, 
by  the  agents  (Messrs.  Taylor  and  Francis)  for  the  sale  of  the  volumes  of  these  Report*. 
Four  copies  of  the  Atlas  were  thus  sold  to  members  of  the  Association  at  Norwich ;  and 
the  remaining  sixteen  copies  struck  off  for  the  occasion  of  the  Meeting,  to  represent  this 
edition  of  the  Atlas,  are  kept  on  hand  for  the  use  of  British  and  foreign  observers,  for  whom 
the  price  is  reduced  to  25s.  for  a  single  copy.  The  Committee  are  unable  to  offer  copies 
to  observers  at  a  lower  price,  on  account  of  the  large  number  of  copies  of  the  Meteor- Atlas 
which  were  last  year  sent,  gratis,  to  the  foregoing  destinations  (see  the  list  on  p.  400). 

t  Le  Stelle  Cadenti  osservate  in  Piemonte.  Del  P.  Francesco  Denza,  B.,  Memorie  1, 2,  8. 
Torino,  1867-68. 

X  The  original  memoir  of  Drs.  Heis  and  Neumayer,  "  On  Meteors  in  the  Southern 
Hemisphere '  (4to,  Mannheim,  1867),  is  extracted  from  Dr.  G.  Neumayer' s  "Discussion  of 
the  Meteorological  and  Magnetical  Observations  made  at  the  Flagstaff  Observatory  at  Mel- 
bourne." 
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list  of  Radiant-points  of  Meteoric  Showers  in  the  Southern  Hemisphere. 
By  Drs.  Heis  and  Neumayer. 


ief. 

Month. 

1. 

January... 

2. 

>» 

3. 

February 

4. 

»» 

5. 

»* 

6. 

March    ... 

7. 

»» 

8. 

»* 

9. 

0. 

April 

1. 

»» 

2. 

»» 

3. 

4. 

May    

5. 

»» 

6. 

7. 

June  ... 

.8. 

>» 

9. 

>» 

50. 

July    

51. 

»» 

H> 

>» 

53. 

j> 

54. 

55. 

August  ... 

56. 

»» 

57. 

»» 

58. 

September 

59. 

i» 

M). 

»» 

a. 

October ... 

;2. 

>» 

«. 

{4. 

»i 

t5. 

November 

*6. 

17. 

December 

18. 

»» 

,9. 

»» 

Constellation. 


Position. 

E.  A. 

N.Decl. 

o 

o 

105 

-27 

145 

-40 

105 

-45 

174 

-52 

174 

+16 

1£5 

-38 

174 

-30 

192 
181 

-38 

+  6 

194 

-30 

280 

-38 

126 

-42 

185 

+22 

212 

-49 

248 

-46 

202 

+  9 

253 

-37 

269 

-11 

305 

-  7 

284 

-40 

258 

-20 

354 

-46 

50 

-85 

305 

+  5 

250 

-35 

337 

-10 

325 

-38 

346 

-  3 

305 

-36 

340 

-30 

10 

-35 

347 

-11 

50 

-  4 

307 

-47 

22 

-35 

90 

-34 

85 

-37 

115 

-38 

148 

-34 

Greek  or  Boman 

literal 

designations. 


Remarks. 


Canis  Major    

Argo  Navis 

Puppis  Argo   

Contaurus    

Leo  Major  

Argo  Navis 

Hydra 

Centaurus    

Virgo    

Centaurus    

Telescopium    

Argo 

Coma  Berenices  ... 

Lupus  

Norma 

Virgo    

Scorpius  

Sagittarius  

Capricornus 

Corvus 

Ophiuchus  

Phoenix    

Octans 

Delphinus    

Scorpius  

Aquarius 

Grus 

Aquarius 

Sagittarius  

Piscis  Austrinus  ... 
Piscis  Austrinus  ... 

Pisces  

Eridanus 

Indus  

Cetus    

Columba 

Columba 

Argo 

Antlia  Pneumatica 


A* 

t 
f 

H,#. 
A,. 

I. 

A,- 

o,. 

*i  • 
A4. 

<V 
n. 
p. 

*.■ 

A,- 

\- 

*. 
x,. 

*. 

*,• 
X,. 

O,. 
Q,. 

r,. 

A,- 


•Not=(H)of 
Greg's  list; 
see  below, 
No.  27. 


=WG(?)  or 
QG  of  G.'s 

list. 


=QO. 


=(H)ofa.'si. 

=X,,„4of 

Heis     and 
Greg. 

=U  of  Heis 
and  Greg. 


The  radiants  SV2  in  the  southern  list  correspond  very  nearly  in  time  and 
ace  with  the  radiants  WG,  QG  of  the  northern  hemisphere ;  and  the  new 
oup  of  southern  radiants,  ISj,  2, 3,  closely  adjoins  the  group  T,,2,a,4  and 
e  radiant  U  of  the  older  list,  making  it  to  appear  probable  that  these 
diant-points  are  common  to  both  hemispheres  of  the  globe. 

,  June,  in  Capricornus  ...  305  —  7  WG,  May  14-June20,  in  Delphinus  312  +2°l 

„  July,  in  Delphinus 305  +  5  QG,  June  1-Aug.  17,  in  Aquila    ...294  +  3 

,  August,  in  Grus  325  -38  (H),  July  2-Aug.  8,  in  Pise.  Austr.  338  -28 

,  August,  in  Aquarius    ...  .337  -10  Tvv  June  20-Aug.  24, in  Pegasus...  338  +13 

,  September,  in  Aquarius     346-3  T-  4,  Aug.  22-Nov.  5,  in  Pegasus  ...      0+14 

,  October,  in  Pisces 347  -11  U,        Sept.  6-Nov.  23,  in  Cetus 17  -10 

ie  radiant  (H)  determined  independently  in  1865  (see  Report,  pp.  104, 123)  is 
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well  corroborated  by  two  radiant-points  in  Prof.  Heia's  list,  Y}  and  2^,  being 
almost  intermediate  in  position,  and  a  little  earlier  in  date  of  its  appearance, 
with  respect  to  each  of  them.  It  may,  accordingly,  be  regarded  as  the  com- 
mencement of  either  of  those  showers,  or  even  as  the  starting-point  of  a 
whole  series  of  showers  Y,  2,  T,  U  which  have  their  centres  of  divergence, 
in  autumn,  in  the  vicinity  of  the  equator.  The  new  radiant-points  3^,  % 
(the  latter  in  the  constellation  Cetus),  in  October  and  November,  are  also  not 
impossibly  allied  appearances,  and  the  latter,  perhaps,  a  continuation  of  the 
last  radiant  of  the  group  U,  near  6  Ceti. 

Among  the  radiant-points  in  the  new  list  which  (like  that  of  the  November 
meteors  in  the  northern  hemisphere)  lie  closest  to  the  tangential  apex  of  the 
earth's  way,  two  especially  may  be  noticed  in  the  southern  hemisphere,  viz. 

Position  of  tangential 
point. 
a—      8= 
296°  -21°  1  For  the  middle  of 
175     +2  J       the  month. 

The  central  positions  of  the  radiant  groups  in  the  southern  hemisphere 
for  the  different  months  shows  a  total  number  of  15  separate  groups ;  and  of 
the  meteors  mapped  about  627  appear  to  be  sensibly  conformable  to  them. 
The  following  is  a  brief  classification  of  the  list : — 


a=     3= 

Alf  April,  in  Teleecopium    280°  -38° 

Av  December,  in  Antlia  Pneum....  148     —34 


No. 


tion  of 
group. 


Central 
position. 


Constellation. 


Months. 


Number  of 
meteors 
mapped.' 


r 

A 
H 
A 

O 

n 
p 

2 
Y 
* 
X 

o 

s 


115  -34 

162  -40 

206  -37 

266  -41 

305  -  1 

264  -17 

354  -46 

50  -85 

342-8 

315  -40 

340  -30 

16  -35 

50-4 

86  -35 

188  +13 


Argo  Navis    .. 
Antlia  Pneum. 

Centaurus 

Telescopium  .. 

Aquila    

Ophiuchus 

Pnoenix  

Octane    

Aquarius    

Microscopium 
Piscis  Austr.  .. 

Cetus 

Eridanus    

Columba    

Virgo 


Dec.,  Jan.,  Feb.,  March,  April 

Dec.,  Jan.,  Feb.,  March  

March,  April,  May  

April,  May,  June,  July,  Aug. 

June,  July 

June,  July • 

July    

July   

August,  September,  October 
August,  September,  October 

September 

October,  November  

October 

November,  December  

February,  March,  April,  May 


100 
73 
83 
61 
27 
26 
30 
13 
43 
59 
14 
24 
13 
33 
26 

Total  627 


Of  these  groups  the  greater  number  are  either  near  the  equator  or  else  near 
the  parallel  of  the  declination  of  the  zenith  at  Melbourne,  about  38°  8.  decli- 
nation. Only  one  radiant-point,  viz.  P,  in  July,  is  found  in  the  vicinity  of 
the  South  Pole  of  the  heavens  ;  while,  on  the  contrary,  in  the  northern  he- 
misphere a  large  proportion  of  the  radiant-points  visible  throughout  the  year 
are  either  situated  very  near  to  the  North  Pole  of  the  heavens,  or  are  circum- 
polar.  Were  a  series  of  meteor-observations  in  the  southern  hemisphere 
to  be  continued  over  as  great  a  number  of  years  as  that  which  has  been 
carried  out  in  the  northern  hemisphere,  it  is  probable  that  the  number  of 
radiant- points  discovered  would  not  only  be  increased,  but  also  be  found 
distributed  more  uniformly  over  the  sky  than  those  which  have  now  been 
assigned  to  it,  and  whose  positio  ns  are  indicated  in  the  present  list. 
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No  star-showers  were  observed  at  Melbourne  during  the  epochs  (for  the 
northern  hemisphere)  of  the  2nd  of  January,  19th-21st  of  April,  18th  of  Octo- 
ber, 13th-14th  of  November,  and  3rd-13th  of  December,  during  the  five- 
year  period  of  the  observations,  from  1858  to  1862.  The  months  of  June, 
July,  and  August  are  regarded  by  Dr.  Neumayer  as  particularly  rich,  with 
respect  to  the  Hourly  frequency  of  meteors.  Many  fine  meteors  were  seen  on 
board  of  the  frigate  '  Novara/  on  the  voyage  from  Funchal  to  Bio  Janeiro, 
between  the  27th  of  July  and  the  2nd  of  August,  1857.  An  unusual  number 
of  meteors  was  also  seen  at  Melbourne  towards  the  end  of  February  and  be- 
tween the  8th  and  17th  of  May  in  the  year  1859.  A  notable  number  of 
shooting-stars  and  fireballs  was  seen  at  Victoria  on  the  night  of  June  12-13, 
1861.  A  great  number  were  also  seen  by  M.  Poey  at  Havannah,  on  the 
nights  of  the  27th  and  28th  of  July  1862.  Maxima  of  frequency  of  shooting- 
stars,  in  various  years  of  the  interval  from  1858  to  1862,  were  observed  at 
Melbourne  on  the  following  dates : — Jan.  28-Feb.  2,  Mar.  12-15,  May  8-17, 
June  3-14,  July  27-Aug.  2,  Aug.  5-7,  Oct.  25,  Dec.  6, 12, 18,  and  25. 

The  average  hourly  frequency,  for  the  different  months  of  the  year,  given 
in  the  memoir,  differs  in  a  very  small  degree  from  the  results  of  the  Melbourne 
observations  as  formerly  stated  in  these  Reports*. 

Particular  accounts  of  several  large  meteors  recorded  in  the  southern  con- 
tinent of  Australia  are  included  in  the  memoir,  which  have  either  been  de- 
scribed in  these  Reports  f,  or  for  which  the  original  memoir  must  be  consulted 
for  special  details  of  their  description. 

"  Notes  and  Reflections  on  the  Astronomical  Theory  of  Falling  Stars," 
by  Or.  Y.  Schiaparelli  t. — In  continuation  of  his  former  letters  to  Father 
Secchi  on  the  orbits  and  probable  origin  of  luminous  meteors,  Professor 
Schiaparelli  last  year  resumed  the  subject,  in  a  memoir  read  before  the  Flo- 
rentine Academy  of  Sciences,  containing  additional  notes  and  mathematical 
considerations  of  importance  on  the  astronomical  theory  of  shooting-stars. 

According  to  the  best  received  hypothesis  which  existed  before  the  dis- 
covery of  their  connexion  with  comets,  the  sun  was  regarded  as  surrounded 
by  a  series  of  meteoric  rings,  one  of  which,  that  of  the  November  meteors§, 
returning  once  in  a  cycle  of  about  33*25  years,  contains  a  principal  group  of 
meteors  collected  in  one  portion  of  its  circumference,  the  remaining  portions  of 
the  annulus  being  either  nearly  free  from  or  totally  devoid  of  meteors.  Star- 
showers  of  annual  occurrence  like  that  of  the  10th  of  August,  present  the 
phenomenon  of  a  nearly  continuous  stream  of  meteors,  varying  only  slightly 
in  density  in  its  different  parts ;  while  those  which  appear,  at  uncertain 
intervals  of  years,  on  the  2nd  of  January  and  20th  of  April,  must  form  a 
discontinuous  stream  of  meteoric  bodies,  consisting  of  meteor  groups  irregu- 
larly distributed  along  its  length,  and  separated  from  each  other  by  inter- 
vening gaps.  Finally,  those  isolated  appearances  described  in  catalogues  as 
great  star-showers  of  former  times,  which  are  not  known  to  have  returned, 
and  the  modern  star-showers  of  the  12th  of  December,  including,  perhaps, 
among  its  appearances  the  great  display  of  meteors  observed  by  Brandes  on 

*  Report  for  1865,  p.  132. 

t  See  Report  for  1866,  p.  127. 

J  Memorie  della  Societa  Italiana  delle  Scienze,  3rd  ser.  vol.  i.  pt.  1.    4to,  Florence,  1867. 

§  The  term  "  Leonids,"  if  applied  to  this  shower  as  radiating  from  some  point  in  the 
constellation  Leo.  may,  not  improperly,  be  used  to  distinguish  it  from  other  meteors  appear- 
ing simultaneously  with  it,  as  Professor  Schiaparelli  has  applied  the  term  "  Perseids  "  to 
indicate  the  meteors  of  the  10th  of  August  which  radiate  from  some  point  in  the  constel- 
lation Perseus.  Mme.  Scarpellini  has  employed  the  word  "  uranatmi"  (sidereal  exhala- 
tions) to  designate  shower-meteors  generally. 
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the  6th  of  December  1798,  of  which  no  former  record  appears  to  be  pre- 
served, must  rather  have  been  temporarily,  and,  in  the  latter  case,  recently 
introduced  into  the  solar  system  from  without. 

The  real  form  and  extent,  and  the  mode  of  the  production,  of  meteoric 
rings  would  thus  remain  uncertain,  if  the  recent  discovery  of  their  affinity 
with  periodic  comets  had  not  to  some  extent  revealed  their  history,  and 
removed,  at  length,  one  chief  obscurity  from  the  theory  of  meteor  rings — 
that  is  to  say,  their  frequent  retrograde  motions,  and  great  obliquities  to  the 
ecliptic,  of  which  the  nebular  hypothesis  of  Laplace,  when  it  is  attempted 
to  be  applied  to  explain  their  origin,  can  give  no  account. 

The  two  principal  meteoric  showers,  of  August  and  November,  and  pro- 
bably also  those  of  April  and  December,  having  been  recently  identified  in 
their  orbits  with  the  orbits  of  certain  periodic  comets,  one  of  which  performs 
its  revolution,  with  a  periodic  time  of  upwards  of  400  years,  in  an  orbit  ex- 
tending, at  its  greatest  distance,  twice  as  far  as  the  furthest  planet,  Neptune, 
from  the  sun,  the  community  of  origin  of  comets  and  shower-meteors,  at 
first  suspected,  now  appears  to  be  finally  established.  It  is  stated  in  the  first 
chapter  of  Professor  Schiaparelli's  memoir  as  the  new  astronomical  theory  of 
luminous  meteors,  about  to  be  further  developed  and  applied  to  the  explana- 
tion of  their  phenomena. 

In  the  second  and  third  chapters  some  points  of  the  theory  of  the  atmo- 
spherical origin  of  meteors  are  regarded  as  requiring  special  consideration  and 
discussion.  Deviations  from  uniform  motion,  such  as  crooked  paths  *  and 
changes  of  velocity,  regarded  by  M.  Coulvier-Gravier  as  the  effects  of  violent 
air-currents,  are  shown  to  arise  from  the  resistance  of  the  air  to  the  original 
motion  of  the  meteors.  The  diurnal  variation  of  frequency,  noticed  by  M. 
Coulvier  Gravier,  and  the  similar  annual  variation,  also  observed  by  him,  by 
Dr.  Schmidt,  Dr.  "Wolf,  and  by  others,  together  with  the  variations  of  the 
average  direction  of  meteors  throughout  the  day,  or  year,  are  shown  to  have 
no  direct  connexion  with  meteorological  changes,  but  to  correspond  to  the 
varying  altitude  and  azimuth  of  the  apex  of  the  earth's  way,  from  which  the 
greater  number  of  meteors  are  directed. 

Formulae  for  calculating  the  amount  of  these  periodical  variations  led  Prof. 
Schiaparelli,  in  his  first  letter  to  Father  Secchi,  to  regard  the  real  velocity  of 
meteors  as  identical  with  that  of  bodies  revolving  in  parabolic  orbits  round 
the  sun.  They  were  similarly  investigated  and  employed  by  Professor 
Newton  in  pointing  out  the  resemblance  of  the  orbits  of  shooting-stars  to 
those  of  comets.  A  popular  account  of  the  phenomena  of  meteoric  variations 
is  given  at  the  conclusion  of  the  chapter,  by  supposing  a  "  meteoric  sun,"  or 
central  radiant-point  of  shooting-stars,  to  be  situated  at  the  apex  of  the 
earth's  way — whose  rising  and  setting  produce  a  meteoric  morning  and 
evening,  and  its  culminations  a  meteoric  noon  and  night,  six  hours  before  the 
corresponding  changes  of  the  sun.  A  meteoric  spring  and  autumn,  summer 
and  winter  are  a  consequence  of  the  varying  declination  (or  meridian  altitude) 
of  the  same  "  meteoric  sun,"  and  accordingly  follow  three  months  after  the 
corresponding  tropical  seasons  of  the  year. 

*  Of  meteors  with  decidedly  crooked  paths,  M.  Coulvier-Gravier  reckons  that  about  three 
such  meteors  are  visible  in  every  thousand.  Meteors  with  decidedly  serpentine  flights  were 
only  observed  by  him  three  or  four  times  in  the  course  of  many  years.  M.  Schiaparelli 
further  suggests  that  the  helix,  or  spiral  curve  in  which  small  strips  of  card,  2  inches  long 
and  ±  inch  wide,  descend  through  the  air  when  let  fall  from  a  height,  combined  with  the 
foreshortening  and  exaggerating  effects  of  perspective,  faithfully  represents  all  the  peculiari- 
ties of  curved  and  retarded  flight  occasionally  observed  in  shooting-stars. 
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In  the  fourth  and  fifth  chapters,  the  positions  of  all  the  known  radiant- 
rinta  of  the  northern  hemisphere,  with  respect  to  the  terrestrial  apex,  are 
ejected  by  Prof.  Schiaparelli  on  a  single  planisphere,  having  the  pole  of  the 
liptic  at  the  centre,  and  the  sun  and  anthelion,  and  the  apex  and  anti- 
ex,  at  the  four  points  of  the  ecliptic,  in  the  border  of  the  planisphere.  It 
us  appears  that,  owing  to  the  generally  low  position  of  the  sun  beneath  the 
rizon  during  the  time  of  the  observations,  no  radiant-points  within  60°, 
d  only  twelve  radiant-points  within  90°  of  the  sun  have  been  observed,  the 
naining  thirty-nine  radiant-points  belonging  to  the  anti-solar  hemisphere, 
arge  portion  of  which,  at  night,  was  in  the  observer's  view  throughout 
3  time.  On  the  other  hand,  thirty-one  points  of  radiation  of  shower- 
teors  are  found  within  90°  of  the  apex,  and  only  twenty  occur  within  90° 
the  anti-apex  of  the  earth's  way*,  although  the  apex  was  seldom  seen 
>ve,  and  the  anti-apex  was  rarely  hidden  below  the  horizon  during  the 
jervations.  The  practical  results  of  observation,  therefore,  confirm  the 
position  that  the  apex  of  the  earth's  way  is  also  an  apex  of  concentration 
meteoric  showers,  and  that  consequently  the  "resultant,"  or  average 
ht  of  meteors,  taken  collectively  throughout  the  whole  year,  is  from  the 
ection  of  that  apex. 


yjection  of  Radiant-pointe  of  the  northern  hemisphere  (see  Report  for  1864,  pp.  99, 
lOO),  showing  their  relative  positions  with  respect  to  the  circle  of  the  ecliptic  and  to 
;he  apex  ofthe  earth's  way.    By  G.  V.  Schiaparelli. 

The  proportion  derived  from  theory  is  43 : 8,  or  5 J :  1.     The  practical  difference  of 
»ult  may  be  accounted  for  by  the  large  preponderance  of  evening  observations. 
;68.  2  P 
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No  trace  of  conformity  to  the  ecliptic,  or  other  signs  of  connexion  of  the 
radiant-points  "with  each  other  or  with  great  circles  of  the  sky,  can  he  de- 
tected, which  would  materially  facilitate  precise  calculation  of  the  diurnal 
and  annual  variations,  if  certain  other  elements  of  abundance  of  the  meteors 
of  particular  showers  were  satisfactorily  determined. 

Allowing  for  the  effects  of  the  earth's  velocity  in  its  orhit,  in  assembling 
the  apparent  positions  of  the  radiant-points  of  shower-meteors  about  that 
point  of  the  ecliptic  towards  which  the  earth  moves,  and  for  the  greater 
chances  of  vision  of  small  comets  when  moving  in  direct  orbits  nearly  coin- 
ciding with  the  ecliptic  plane,  than  of  those  whose  orbits  are  more  inclined, 
or  retrograde,  Prof.  Schiaparelli  considers  that  both  comets  and  meteors 
are  distributed  without  any  preponderance  towards  the  plane  of  the  ecliptic, 
and  that  they  exhibit  no  prevailing  tendency  towards  a  direct  rather  than 
towards  a  retrograde  motion  in  their  orbits. 

The  real  mean  velocity  of  shooting-stars  may  be  determined  from  that  of 
comets  in  their  orbits,  at  their  points  of  intersection  with  the  orbit  of  the 
earth,  which  is  25-70  B.  S.  miles  per  second ;  while  that  of  the  earth  in  its 
orbit  is  only  1818  miles  per  second*.  Adding  and  subtracting  these  num- 
bers, the  greatest  and  least  mean  relative  velocities  of  meteors  which  en- 
counter the  earth  (respectively,  moving  to  meet  it  directly,  or  to  overtake  it), 
no  account  being  taken  of  the  earth's  attraction,  are  43-88  and  7*52  miles 
per  second.  The  effect  of  the  earth's  attraction  is  greater  in  the  latter  case 
than  in  the  former  (in  the  proportion  of  5:1),  and  increases  the  mean 
greatest  and  least  relative  velocities  of  shooting-stars  respectively  to  44-43 
and  10-23  miles  per  second,  which  are  to  each  other  in  the  proportion  of 
4*34 : 1.  Supposing,  then,  that  the  whole  vis  viva  of  meteors  is  converted 
into  heat  and  light,  the  heat  developed  on  the  surface  of  those  which  move 
to  meet  the  earth  directly  is  greater  than  that  developed  by  meteors  which 
directly  overtake  it,  in  the  proportion  of  19 : 1.  It  follows  that  the  light 
and  also  the  number  of  meteors  in  the  former  case  visible  to  the  naked  eye 
will  be  proportionately  greater  than  those  in  the  latter;  and  should  two 
meteorites  of  exactly  equal  masses  penetrate  the  atmosphere,  one  of  them 
moving  from  the  direction  of  the  apex  of  the  earth's  way  with  the  mean 
maximum  velocity  of  meteors  relatively  to  the  earth,  and  the  other  from  the 
opposite  direction  with  the  mean  minimum  velocity,  the  former  meteorite 
may  be  totally  volatilized,  while  the  latter  may  reach  the  earth  with  a  por- 
tion of  its  substance  unconsumed,  and  may  produce  an  aerolitic  fall.  In  this 
manner  Prof.  Schiaparelli  accounts  for  a  fact  which  may  at  least  be  regarded 
as  pretty  well  established  t,  that  the  greater  number  of  aerolitic  falls  take 
place  in  the  afternoon  and  evening  hours  of  the  day,  although  meteoric 
phenomena,  generally,  are  then  least  vivid  or  abundant,  because  at  that  time, 
which  corresponds  to  meteoric  night,  Hie  anti-apex  of  the  earth's  way  is  at  its 
highest  point  above  the  visible  horizon,  and  the  meteoric  showers  which  then 
make  their  appearance  are  for  the  most  part  moving  in  direct  orbits,  so  as  to 
overtake  the  earth  with  the  minimum  meteoric  speed. 

Although  no  aerolites  are  precipitated  from  the  meteor-currents  of  the 
"  Perseids  "  and  "  Leonids,"  the  elongations  of  whose  radiant-points  from  the 

*  Taking  for  the  amount  of  the  solar  parallax  its  new  Talue,  8"*95.  The  velocity  both 
of  the  earth  and  of  particular  meteors  may  differ  sensibly  from  the  mean  value.  Thus,  for 
Biela's  comet,  whose  periodic  time  of  revolution  is  67  years,  the  elliptic  velocity  at  the 
point  where  it  crosses  the  earth's  orbit  is  l-14th  part  less  than  that  of  a  parabolic  orbit,  or 
about  23*9  B.  S.  miles  per  second.  The  real  Telocity  of  the  November  meteors  at  the  same 
point  in  their  orbits  is  about  26*07  miles  per  second. 

t  See  these  Beports  for  1860,  p.  117.— Table  to  Mr.  Greg's  Catalogue  of  Aerolite*. 
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apex  of  the  earth's  way  are  only  38°  and  10°  respectively,  yet  other  circum- 
apical  meteoric  streams  may  give  rise  to  aerolitic  falls.  The  annual  varia- 
tion of  frequency  of  aerolites  is  not  nearly  so  marked  as  the  corresponding 
law  of  their  diurnal  variation  * ;  and  this  would  actually  he  the  case,  if  the 
materials  of  a  few  meteor-currents  near  the  apex  should,  occasionally,  produce 
aerolitic  falls. 

The  sixth  chapter  contains  some  propositions  relative  to  the  effects  of  the 
earth's  motion,  and  of  its  attraction,  during  its  appalse  with  meteoric  currents. 
Supposing  D  to  he  the  real  density  or  number  of  meteors  per  minute  of  a 
shower  of  shooting-stars  which  would  fall  on  a  single  horizon  exposed  ver- 
tically to  it  were  the  earth  at  rest,  z  the  apparent  zenith-distance,  and  e  the 
apparent  elongation  of  the  radiant-point  of  the  shower  from  the  apex  of  the 
earth's  way,  then,  considering  the  real  velocity  of  meteors  to  be  that  of 
bodies  moving  in  parabolic  orbits,  and  to  be  unaffected  by  the  earth's  attrac- 
tion, the  apparent  density  d,  or  the  number  of  meteors  actually  observed  per 
minute,  is  given  by  the  formula 

<*=D  cos  z</§  +  V2cose, 

and  will  generally  depend  on  the  apparent  angular  distance  of  the  radiant- 
point  from  the  zenith  of  the  observer,  and  from  the  apex  of  the  earth's  way. 
The  frequency  of  the  meteors  will  be  greatest  when  the  radiant-point  coin- 
cides with  the  apex  of  the  earth's  way,  and  when  both  points  are  in  the 
observer's  zenithf.  Applying  the  formula  to  calculate  the  real  density  of 
the  meteors  in  the  great  shower  of  the  13th  and  14th  of  November  1866, 
from  the  apparent  density  (123  meteors  per  minute)  as  observed  at  Green- 
wich, making  z=65°,  e=10°,  the  value  of  D,  or  the  real  density  of  the 
stream  for  the  observers  of  the  shower  at  Greenwich,  is  found  to  be  171 
meteors  per  minute.  The  effect  of  the  earth's  motion  through  the  swarm,  in 
increasing  the  frequency  of  the  meteors,  was  thus  much  more  than  counter- 
balanced by  the  low  position  of  the  radiant-point,  tending  to  reduce  their 
apparent  number.  Had  the  latter  point  been  in  the  zenith,  the  number  of 
meteors  recorded  in  a  minute  would  have  been  291,  instead  of  123,  as  ob- 
served, and  would  greatly  have  increased  the  splendour  of  the  display. 

The  effect  of  the  earth's  attraction  cannot  always  be  neglected  J,  as  it  de- 
flects the  parallel  courses  of  the  meteors  into  hyperbolic  curves.  And  those 
meteors  are  most  deflected  which  just  graze  the  earth's  atmosphere,  and 
which  overtake  it  with  the  slowest  speed  from  the  direction  of  the  anti-apex ; 
the  total  deflection  in  this  case,  on  leaving  the  sphere  of  the  earth's  attrac- 
tion, is  34°  40'  ;  meteors  so  diverted  from  their  original  course  become  truly 
sporadic,  and  their  radiant-region  must  speedily  grow  diffuse;  but  in  the 
case  of  a  meteor-current  arriving  from  the  direction  of  the  apex,  the  total 
deviation  cannot  exceed  1°  24' :  while  for  meteor-currents  having  their 
apparent  points  of  divergence  midway  between  these  points,  or  situated  90° 
from  the  apex,  the  greatest  possible  deviation  is  7°  56'.  As  the  meteors  of 
the  13th-14th  of  November  diverge  nearly  from  the  apex  of  the  earth's 
way,  and  a  second  deflection  of  the  same  meteors  to  the  utmost  extent  of 
1°  28'  is  very  unlikely  to  take  place,  the  great  accuracy  of  divergence  of  the 
meteors  of  this  shower  from  a  well-defined  radiant-point  is  readily  explained. 

*  See  the  Table  in  the  above  Beport  for  1860,  p.  116. 

f  For  in  that  case  coe<?=co8r=l. 

X  See  an  important  article  by  Prof.  Twining  in  reference  to  the  influence  of  the  earth's 
attraction  on  "The  August  Meteors,"  in  the  American  Journal  of  Science  for  November 
1861,  vol.  nxii. 
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Meteors  which  penetrate  the  atmosphere  are  deflected  downwards ;  and  the 
apparent  position  of  their  radiant-point  is  deflected  upwards  to  an  extent 
depending  on  its  zenith-distance,  by  the  same  cause,  termed  by  Prof.  Schia- 
pareili  the  zenithal  attraction — which  follows  a  law  very  similar  to  that  of 
atmospheric  refraction,  in  displacing  the  apparent  position  of  the  radiant- 
point  upwards,  towards  the  observer's  zenith.  The  apparent  displacement 
disappears  at  the  zenith,  and  reaches  its  greatest  value  at  the  horizon,  where 
it  may  amount  in  extreme  cases  to  17°  20' ;  so  that  a  radiant-point  may 
change  its  apparent  place  in  the  sky  (from  the  effects  of  the  earth's  attrac- 
tion alone)  34°  40'  in  twelve  hours,  between  the  times  of  its  rising  above  the 
horizon  in  the  east  point  and  setting  below  it  in  the  west.  A  correction  for 
zenithal  attraction  is  therefore  necessary  to  be  applied  to  the  observed  posi- 
tions of  all  radiant-points  whose  elongation  is  greater  than  90°  from  the  apex 
of  the  earth's  way ;  and  formulae  for  its  calculation,  in  every  case,  are  given 
at  pp.  56,  57  of  the  memoir. 

The  seventh  chapter  gives  an  account  of  the  perturbations  produced  by 
the  earth  and  the  other  planets  on  meteoric  swarms  with  which  they 
come  in  contact,  or  which  pass  in  their  immediate  neighbourhood.  Meteors 
moving  in  parabolic  orbits,  which  overtake  the  earth  with  the  least  possible 
relative  velocity,  may,  under  the  most  favourable  circumstances,  be  diverted 
into  ellipses  of  periodic  times  varying  from  44-  to  120  years  or  upwards, 
according  as  they  just  graze  the  earth's  atmosphere,  or  pass  at  a  distance  of 
ten  or  more  earth's  radii  from  its  centre.  The  greatest  effect,  however,  of 
the  earth's  attraction  on  meteors  of  the  November  shower  is  no  greater  than 
would  alter  their  periodic  time  from  its  present  value  to  28-67,  or  to  49-92 
years  in  opposite  cases.  Since  such  effects  can  rarely  accumulate,  the  No- 
vember meteors  can  never  be  diverted  into  open  orbits  by  the  earth's  attrac- 
tion, but  will  continue  to  circulate  in  ellipses,  intersecting  the  earth's  orbit, 
as  at  present,  with  little  variation,  about  the  earth's  place  on  the  14th  of 
November. 

"With  regard  to  their  introduction  into  the  solar  system,  it  is  shown  that, 
on  account  of  the  very  small  difference  (y^Vg  Par*  °^  *ne  whole)  which  must 
exist  between  the  semiaxes  major  of  the  foremost  and  rearmost  members  of 
the  meteoric  group,  supposing  it  to  have  reached  its  present  extension  in  its 
orbit  since  the  year  a.d.  902,  its  actual  diameter,  if  introduced  into  the 
solar  system  by  the  planet  Uranus,  could  not  have  exceeded  168  miles. 
Should  its  diameter  before  encountering  Uranus  have  been  as  much  as  600 
miles,  it  must  have  revolved  previously  in  an  ellipse  with  a  periodic  time  of 
not  more  than  fifty  years,  which  is  as  inconceivable  as  that  it  should  have 
always  continued  to  revolve  without  any  disturbance  in  its  present  course. 
Should  the  planets  Jupiter  or  Saturn  have  effected  a  diversion  of  the  group 
from  a  long  elliptic  or  parabolic  orbit  into  its  present  path,  the  possible 
limits  of  its  original  dimensions  are  much  wider,  but  are  still  confined  to  a 
few  earth's  radii,  supposing  that  the  present  track  of  the  group  could  have 
brought  them  sufficiently  near  to  those  planets  to  fall  within  the  extreme 
boundaries  of  their  attractions — that  is  to  say,  within  10-19  radii  of  the 
globe  of  Saturn  from  its  centre,  or  within  27-27  radii  from  the  centre  of  the 
planet  Jupiter.  The  results  of  this  chapter  accordingly  tend  to  confirm  the 
opinion  urged  by  Faye*,  that  the  group  of  the  November  meteors  must  have 
originally  formed  part  of  the  nucleus  of  Tempel's  comet. 

The  eighth  chapter  treats  of  the  transformation  of  materials  occupying  the 
celestial  spaces  into  meteoric  currents.  The  hypothesis  of  Sir  W.  Herschel 
*  Comptee  Rendu*,  vol.  liv.  p.  553  et  seq.  • 
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regarding  the  concentration  of  an  original  nebulous  matter*  into  celestial 
bodies  of  the  various  forms  and  characters  visible  in  the  universe,  when  ap- 
plied to  the  case  of  shooting-stars,  has  brought  to  light  the  following  con- 
clusions, viz.  (1)  the  production  of  meteoric  streams,  (2)  the  affinity  of  their 
orbits  with  those  of  comets,  (3)  the  presence  of  comets  in  them  forming  an  m- 
tegrantpart  of  certain  meteor-currents.  Many  important  considerations  are 
here,  accordingly,  introduced. 

In  the  first  place,  in  the  opinion  of  Faye,  meteor-currents  may  arise  from 
the  dispersion  of  the  nucleus  of  comets,  which  Laplace  regarded  as  small 
portions  of  the  nebulous  matter  of  Herschel  overtaken  by  the  sun's  attraction 
in  spacef.  Meteoric  clouds  Professor  Schiaparelli  considers  to  be  of  exactly 
the  same  origin  but  at  the  same  time  of  greater  extent  and  tenuity  than  the 
nuclei  of  comets,  and,  finally,  that  they  assume  the  form  of  meteoric  currents 
when  (under  the  influence  of  the  sun's  attraction)  they  approach  the  interior 
portion  of  the  solar  system.  A  few  general  calculations,  at  the  outset, 
are  therefore  given,  to  show  what  relations  the  dimensions  and  the  du- 
ration of  the  perihelion  passage  of  the  meteoric  currents  must  bear  to  the 
original  extent  and  distance  of  the  meteoric  clouds,  on  the  supposition  that 
the  mutual  attractions  of  their  particles  may  be  neglected.  It  may,  how- 
ever, be  shown  that  if  two  gravitating  spheres,  composed  of  uncohering  par- 
ticles, are  placed  close  together,  one  of  them  incomparably  smaller  than  the 
other,  and  revolving  round  it  in  an  orbit,  the  attraction  of  the  larger  sphere 
will  overcome  the  mutual  attraction,  and  distribute  the  particles  of  the  smaller 
sphere  in  the  form  of  a  current  along  its  orbit,  unless  the  smaller  sphere  has 
at  least  twice  the  density  of  the  larger  one.  Supposing  the  sun's  mass  to  be 
extended  into  a  sphere  of  the  same  radius  as  the  earth's  orbit,  it  will  contain 
2-3  grains  weight  of  matter  per  cubic  yard,  which  is  the  density  of  common 
air  at  a  barometric  pressure  of  about  jj^  part  of  an  inch  (-00337  in.) 
of  mercury.  Twice  this  density  is  therefore  the  least  density  which  a  come- 
tary  body  can  have  at  the  earth's  distance  from  the  sun,  without  undergoing 
gradual  deformation  by  the  sun's  attraction  into  an  elongated  current.  In 
the  case  of  meteoric  clouds,  which  are  of  extreme  tenuity,  and  have  no  nu- 
cleus, or  only  such  a  small  nucleus  as  the  November  meteors  appear  to  pos- 
sess in  Tempel's  comet,  the  deformation  is  certain  to  take  place ;  but  in  the 
case  of  certain  comets  which  appear  to  possess  a  nucleus  of  considerable 
density,  their  parts  may  remain  connected  throughout  their  perihelion  pas- 
sage, or  at  least  will  not  be  permanently  separated  until  they  approach  within 
a  certain  distance  from  the  sun.  The  first  steps  of  deformation  of  the  group 
of  the  November  meteors  may  accordingly  not  have  commenced  until  they 
were  deflected  into  their  present  orbit  by  the  forcible  attraction  of  one  of  the 
superior  planets ;  and  a  part  of  the  same  group  appears  still  to  retain  its  ori- 
ginal compact  form  in  the  gaseous  mass  of  Tempel's  comet  J. 

In  this  view,  comets  and  meteoric  showers  are  portions  of  the  nebulous 
matter  in  space  in  two  different  states  of  condensation  (comets  or  meteors), 
which  may  either  arise  together  or  apart,  according  to  the  tenuity  of  the  mat- 

*  "  Astronomical  Observations  relating  to  the  Construction  of  the  Heavens,"  Phil. 
Trans,  for  1811. 

t  The  occasional  smallness  of  comets  may  be  gathered  from  a  singular  observation  by 
Jahn  (Astronomische  Nachrichten,  vol.  xxiii.  p.  237)  of  a  comet  with  three  tails,  which,  on 
the  3rd  of  July,  1845,  described  an  arc.  of  nearly  40°  in  about  26  minutes,  during  which 
it  remained  visible.  This  comet  must  have  passed  very  close  to  the  earth,  and  must  have 
been  of  very  small  dimensions.    (SchiapareUTs  Memoir,  p.  106.) 

\  The  nucleus  of  this  comet  was  shown  to  consist  of  ignited  gas,  with  the  spectroscope, 
by  Mr.  Huggins  (Proceedings  of  the  Royal  Society,  vol.  xv.  p.  6,  Jan.  11,  1866). 
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ter  which  produced  them.  Such  differences  are  observed  in  the  nebulae,  of 
which  some  are  resolvable  and  others  not  resolvable  in  the  telescope  ;  and  a 
similar  distinction  is  shown  to  exist  in  the  nebulae  by  the  spectroscope. 

Comets  with  two  or  more  nuclei,  sometimes  resembling  a  congeries  of 
stars,  have  not  uncommonly  been  observed.  Of  such  observations  several 
descriptions,  illustrated  by  engravings  (see  fig.  1),  are  cited,  for  the  details  of 
which  the  reader  is  referred  to.  the  original  memoir  (p.  94-101).  The  ex- 
'  traordinary  comet  of  1652,  witnessed  by  Hevelius  (fig.  2),  consisted  of  a 
disk  of  pale  light  of  the  apparent  diameter  of  the  full  moon,  with  hardly  any 
perceptible  tail,  and,  in  the  telescope,  it  appeared  filled  with  points  of  light. 
A  large  proportion  of  shooting-stars  are,  in  fact,  telescopic ;  and  a  display  of 
diffused  light  is  said  sometimes  to  accompany  a  meteoric  shower. 

Fig.l. 


jDec.s. 


1.  Nucleus  of  the  large  comet  of  the  jedt  1618,  obeerved  "with  a  telescope  by  Cyaatus. 

2.  Comet  of  the  year  1662,  as  observed  and  drawn,  on  the  27th  of  December,  by  Hevelius. 

How,  then,  can  the  vXiy  of  Anaxagoras,  or  the  nebulous  matter  of  Herschel 
become  condensed  into  bodies  of  such  various  characters,  except  it  be  from 
a  state  of  highly  heated  vapour,  gradually  undergoing  a  process  of  cooling 
and  condensing  of  its  parts  ?  Groups  of  more  or  less  comminuted  particles, 
or  compact  nuclei  would  thus  result,  according  as  the  original  form  of  the 
heated  cloud  was  that  of  a  filament  or  thin  extended  disk,  or  a  sphere.  Not 
only  the  various  features  of  star-showers  and  comets,  but  even  the  mine- 
ralogical  structure  of  aerolites,  whose  crystals  appear  to  have  been  deposited 
from  a  heated  vapour,  to  have  been  broken  up,  and  to  have,  in  some  cases, 
again  undergone  metamorphism  by  heat,  before  they  were  finally  consoli- 
dated, appear  to  be  explained  on  this  supposition.  The  theory  of  Faye,  that 
they  are  developed  from  the  nuclei,  and  of  Secchi,  that  they  are  the  remnants 
of  the  tails,  and  of  Erman,  that  they  are  particles  detached  from  comets  by  a 
resisting  medium,  are  not  so  immediately  referable  to  the  known  laws  of 
gravitation  as  the  hypothesis  that  all  classes  of  luminous  meteors,  like  comets 
themselves,  are  drawn  towards  the  sun  by  its  attraction  from  the  regions  of 
intrastellar  space,  which  the  telescope  declares  to  be  empty,  but  which,  in 
all  probability,  are  strewed  with  cosmical  clouds,  containing  in  one  order  of 
phenomena  both  meteoroids  and  comets. 

The  ninth  and  tenth  chapters  of  the  memoir  conclude  with  some  further 
notices  and  reviews  of  recent  opinions  regarding  the  connexion  between  comets 
and  shooting-stars,  and  demonstrations  concerning  a  certain  luminosity  of 
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the  zodiacal  light  completely  surrounding  the  ecliptic,  termed  by  German 
istronomers  the  Gegenschein,  of  which  M.  Schiaparelli  has  himself  frequently 
corroborated  the  appearance  at  Milan.  It  will  be  sufficient  to  notice,  in 
dosing  the  present  abstract,  that  the  result  of  the  investigation  is  notfavour- 
ible  to  the  assumption  that  the  outer  portion  of  the  zodiacal  light  consists  of 
folid  bodies,  shining  by  borrowed  light  which  they  reflect  to  us  from  the  sun. 

"  Synthesis  of  Meteorites."  By  M.  Daubree  (Comptes  Rendus,  1866,  Jan. 
29-March  19,  vol.  lxii.  pp.  200,  269,  660).— By  the  help  of  a  high  heat*, 
n  one  of  the  gas-manufactory  furnaces  of  Vaugirard,  supplied  with  gas-coke, 
Si.  Daubree  succeeded  in  liquifying  the  intractable  materials  of  upwards  of 
hirty  different  aerolitic  falls.  After  solidifying,  the  fused  mass  was  found 
o  consist  of  a  vitrified  slag  in  the  case  of  the  three  unique  meteorites  of 
Tuvenast,  Jonzac,  and  Stannern,  which  differ  from  the  ordinary  type  of 
lerolites  in  the  presence  of  alumina.  The  magnesian  or  common  type  of 
lerolites,  on  the  other  hand,  separates  on  cooling  into  two  distinct  and  regu- 
arly  crystallized  minerals,  one  of  which  forms  a  pellicle  of  square-based, 
tctahedral,  or  occasionally  lamellar  crystals,  and  is  peridot,  or  protosilicate 
►f  magnesia.  The  meteorite  of  Chassigny  consists  entirely  of  this  mineral, 
vith  a  small  percentage  of  chrome-iron  ore.  The  other  mineral,  of  which 
he  meteorite  of  Bishopville  is  almost  entirely  composed,  is  enstatite,  or 
►isilicate  of  magnesia.  It  crosses  the  centre  of  the  mass,  apparently  on  ac- 
ount  of  its  greater  fusibility,  in  groups  of  long  square  prisms,  of  very  per- 
fect form,  and  generally  in  one  direction.  The  crucibles  being  lined  with 
harcoal  to  preserve  the  contents  from  contact  with  the  air,  a  portion  of  the 
ron  contained  as  silicate  is  reduced ;  and  the  silica  set  free,  combining  with 
.  portion  of  the  peridot,  thereby  increases  the  quantity  of  enstatite.  The 
ase  with  which  these  two  minerals  crystallize  from  the  liquid  state  makes 
t  probable,  as  supposed  by  Mr.  Sorby,  that  the  confused  mass  of  very  small 
>roken  and  imperfect  crystals  of  which  the  magnesian  aerolites  consist  must 
lave  been  deposited  by  sublimation,  like  flour  of  sulphur,  from  a  state  of 
leated  vapour. 

In  order  to  test  the  affinity  of  terrestrial  rocks  with  aerolites  in  this  re- 
pect,  several  magnesian  silicates  were  fused,  and  those  which  gave  results 
nost  similar  to  those  of  aerolites  were  found  to  be, — 1°,  Peridot  from  the 
►asalts  of  Langeac  (Haute  Loire) ;  2°,  Peridotic  hypersthene  from  Labrador ; 
>°,  and  especially,  Lherzolite  (a  mineral  found  at  many  places  in  the  Pyrenees) 
rom  Prades,  consisting  of  a  mixture  of  the  magnesian  minerals  of  peridot, 
nstatite,  and  pyroxene.  The  result  of  fusion  of  these  rocks,  in  the  pre- 
ence  of  charcoal,  is  exactly  similar  to  that  of  aerolites :  the  two  magnesian 
ilicates  contained  in  them  crystallize  separately ;  and  the  reduced  iron  ex- 
racted  from  the  mass  contains  a  proportion  of  nickel,  which,  as  shown  by 
itromeyer,  is  present,  with  phosphates  (found  by  G.  Rose,  and  by  M.  C.  St.- 
Jlaire  Deville  in  Vesuvian  lavas),  as  well  as  chromite,  in  most  of  the  basic 
ocks  which  spring  from  a  source  below  the  granite.  A  phosphate  (apatite) 
ras  also  found  by  Rammelsberg,  together  with  titanium,  in  the  rare  aluminic 
aeteorite  of  Juvenas ;  but  the  presence  of  titanium  in  meteorites  of  the  com- 
aon  or  magnesian  type  was  firet  discovered  by  M.  Daubree,  in  the  course  of 
lis  experimental  fusions  of  the  meteorites  of  Montrejau  and  Aumale. 

Several  attempts  to  imitate  meteoric  iron  by  fusion  were  partially  succ- 
essful, as  in  the  liquefaction  and  reduction  of  lherzolite  and  the  peridot  of 

*  The  beat  of  melting  platinum  was  employed  throughout  the  experiments, 
t  In  the  case  of  Juvenas,  the  mase„on  solidifying,  is  porous  and  lull  of  air-bubbles,  as 
■  gas  were  disengaged  from  the  meteorite  at  a  high  heat 
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Langeac  The  fusion  of  iron  alloyed  with  nickel  and  phosphuret  of  iron 
produced  reticulated  figures  on  the  etched  sections,  which,  although  not  so 
regular  as  those  of  Widmanstatten,  were  yet  perfectly  distinct.  The  forma- 
tion of  small  spherules  of  hisilicate  was  also  repeatedly  noticed  in  the  re- 
sults of  terrestrial  fusions,  which  are  abundant  in  certain  aerolites;  while 
the  graphitic-looking  friction-planes  met  with  in  many  meteorites  could  be 
perfectly  imitated,  by  rubbing  together  fragments  of  the  reduced  iron-bear- 
ing residue  of  the  fusion  of  terrestrial  rocks. 

The  serpentine  or  hydrated  class  of  magnesian  rocks  were  next  submitted 
to  experiment — first,  in  crucibles  lined  with  calcined  magnesia,  and  afterwards 
alone.  The  result  in  the  first  case  is  a  perfectly  crystalline  peridot,  and  in 
the  second  case  a  group  of  mixed  crystals  of  peridot  and  enstatite.  When 
the  crucibles  are  lined  with  charcoal,  the  resulting  mass  contains  a  highly 
nickeliferous  metallic  iron*.  Most  of  the  serpentines  also  contain  chromite, 
which  was  first  pointed  out  by  Laugier  as  an  ingredient  of  the  most  constant 
and  regular  occurrence  in  meteorites. 

Serpentine,  basaltic  peridot,  and  lherzolite  may  accordingly  be  regarded 
as  the  chief  terrestrial  rocks  of  a  meteoric  type.  With  granite  and  gneiss, 
the  two  staple  foundations  of  the  earth's  crust,  meteorites  have  no  features 
in  common, — neither  orthose,  felspar,  mica,  quartz  (the  meteoric  iron  of  To- 
luca,  according  to  G.  Kose,  alone  excepted),  tourmaline,  nor  any  of  the  com- 
mon granitic  silicates  being  found  in  them.  But  they  agree  closely  with 
those  basic  rocks  whose  origin  is  deeper-seated  than  the  granite,  and  which 
only  reach  the  surface  in  volcanic  eruptions.  They  consist  most  largely  of 
peridot,  which  is,  perhaps,  only  entirely  absent  from  the  three  aluminiferous 
meteorites  already  mentioned.  Its  great  specific  gravity  and  general  distri- 
bution in  volcanic  rocks,  its  avidity  for  silica  (directly  opposed  to  granite  as 
the  most  basic  of  all  the  known  silicates),  and.  lastly,  its  abundant  occur- 
rence in  aerolites  appear  to  constitute  the  character  of  peridot  as  the  true 
"  universal  scoria." 

Inasmuch  as  carbon,  in  the  form  of  graphite,  is  rarely  found  in  meteoric 
iron,  it  could  not  be  the  reducing  agent  to  which  aerolites  appear  to  owe 
their  low  degree  of  oxidation ;  while  their  reduction  by  hydrogen  would  give 
rise  to  the  formation  of  water  and  of  hydrates,  which  are  only  known  to 
exist,  as  M.  Wohler  has  shown,  in  the  carbonaceous  meteorites  of  Orgueil, 
Kaba,  and  Cold  Bokkeveldt.  To  explain  the  presence  of  such  ingredients  as 
metallic  iron  and  unoxidized  sulphur  and  phosphorus  in  meteorites,  a  process 
of  oxidation  of  the  original  substances  may,  on  the  contrary,  be  supposed  to 
have  taken  place,  which  was  either  incomplete  on  account  of  a  deficiency  of 
oxygen,  or  otherwise  imperfect  by  reason  of  some  interruption  arising  in  its 
action.  In  order  to  submit  the  effects  of  such  a  process  to  experiment,  un- 
oxidized siliciuret  of  iron  was  heated  in  a  crucible,  in  contact  with  calcined 
magnesia,  with  a  very  slight  access  of  air.  Silica  was  thus  produced,  and  it 
combined  with  the  calcined  magnesia  in  the  form  of  peridot,  while  the  iron 
was  left  in  a  metallic  state.  In  another  experiment,  an  alloy  of  iron  con- 
taining 9  per  cent,  of  nickel,  with  sulphuret  and  phosphuret  of  iron,  silica, 
and  magnesia,  were  heated  together  in  a  Schloesing's  gas-furnace,  with  the 
same  precaution  as  before  of  admitting  a  slight  access  of  air.  The  resulting 
peridot  was  olive-coloured,  containing  iron,  and  was  without  a  trace  of  nickel, 
exactly  as  it  is  found  enclosed  in  the  meteoric  irons  of  Pallas  and  Atacama. 

*  The  chemical  analyses  in  this  and  the  following  experiments  were  conducted  by  M. 
Stanislas  Meunier,  the  assistant  in  the  geological  laboratory  of  the  Paris  Museum  of 
Natural  History. 
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The  remaining  metallic  iron  was  more  rich  in  nickel  than  before,  and  con- 
tained, besides,  the  sulphuret  of  iron  combined  together  with  the  phosphuret, 
in  the  form  of  the  triple  phosphuret  of  iron,  nickel,  and  magnesium  (disco- 
vered in  meteorites  by  Berzelius),  which  was  separated  from  the  iron  by  acid 
in  metallic-looking  grains. 

A  synthesis  of  the  chief  ingredients  of  aerolites  being  thus  found  possible 
without  the  use  of  reducing  agents,  M.  Daubree  is  finally  disposed  to  adopt 
the  opinion  that  aerolites  originally  underwent  a  process  of  scorifi cation, 
accompanied  by  incomplete  oxidation,  or  a  species  of  natural  cupeUation*,  in 
which  the  substances  having  most  avidity  for  oxygen  were  first  completely 
oxidized,  and  the  less  chemically  active  elements  and  metals  remained  partly 
in  the  uncombined  state,  or  alloyed  with  each  other.  The  complete  analogy, 
which  this  view  presents  to  the  generally  received  opinion  regarding  the 
formation,  by  oxidation,  of  the  earth's  crust,  recommends  its  unreserved 
adoption  as  the  description  of  a  cosmical  process  only  differing  from  that 
recognized  on  the  earth  by  its  particular  degree  of  completeness  or  duration. 
The  highly  oxidized  materials,  the  absence  of  metallic  iron,  and  the  con- 
version of  phosphurets  and  Bulphurets  in  the  earth's  crust  into  phosphates 
and  sulphates,  may  be  considered  to  have  resulted  from  the  same  process  of 
scorification,  accompanied  by  a  far  more  advanced  oxidation  than  that  con- 
cerned in  the  formation  and  metamorphoses  of  meteorites. 

In  a  later  reprint  of  the  same  paper  f  M.  Daubree  gives  the  following 
Table  of  the  specific  gravities  of  eruptive  rocks  and  basalts,  showing  the  su- 
perior gravity  of  peridot  to  all  of  them,  closely  approaching  the  ordinary 
specific  gravity  (3*35)  of  aerolites  : — 

Granite 2-64-2-76  Basalt 2-9-3-1 

Trachyte 2-62-2-88  Enstatite  .  . .  3-303 

Porphyrite  .  . .  2-76  Lherzolite  . .  3-25-3-33 

Diabase 2-66-2-88  Peridot 3*33-3-35 

Continuing  his  researches  on  the  composition  of  aerolites  £,  a  new  classi- 
fication of  aerolites,  founded  on  the  amount  and  mode  of  distribution  of 
metallic  iron  in  them,  was  suggested.  The  process  adopted  for  this  classifi- 
cation was  proposed  by  M.  S.  Meunier,  and  resembles  that  commonly  em- 
ployed in  the  extraction  of  metallic  gold  from  its  matrix  in  quartz  rocks.  A 
fragment  of  the  aerolite,  supported  by  an  iron  wire,  is  heated  to  redness  in 
a  current  of  carbonic  acid  gas,  and  while  still  red-hot  it  is  suddenly  chilled 
by  plunging  into  mercury.  The  siliceous  portions  of  the  aerolite  are  then 
easily  crushed  out  from  the  interstices  of  the  iron,  and  the  mode  of  distribu- 
tion of  the  latter  is  most  clearly  distinguished :  1°,  when  the  mass  of  iron  is 
solid,  the  meteorite  is  termed  a  Siderite  ;  2°,  when  it  forms  a  continuous  net- 
work in  which  the  siliceous  matter  is  included  or  interlaced,  the  meteorite 
is  a  Sys8iderite ;  3°,  when  the  iron  forms  separate  grains,  or  is  discontinuous, 
as  generally  occurs  in  aerolites,  the  meteorite  is  a  sporado-siderite ;  4°, 
Cryptosiderites  are  those  which  exhibit  a  total  absence  or  only  very  doubtful 
traces  of  metallic  iron.  In  the  Syssiderites  of  Pallas  and  Atacama  the 
siliceous  parts  are  discontinuous ;  but  in  that  of  Rittergriin  they  form,  like 
the  iron  itself,  a  continuous  mass,  interwoven  with  the  iron. 

*  An  expression  rased  by  M.  Elie  de  Beaumont  to  describe  the  same  process  as  it  is 
supposed  to  have  originally  operated  on  the  earth  (Bulletin  de  la  Socieie  Geologique  de 
la  France,  1847, 2nd  ser.  vol.  Tv.  p.  1326). 

t  Ibid  2nd  ser.  vol.  xxiii.  p.  408,  March  5,  1866. 

X  Comptes  Bendus,  vol.  lxv.  pp.  60,  148  (July  22,  1867). 
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Ob  Spherules  in  Meteorites  (Note  by  Mr.  H.  C.  Sorby).— "  The  small  glo- 
bules of  iron  thrown  off  in  the  Bessemer  process  bare  a  structure  more  like 
that  of  the  globules  in  meteorites  than  any  that  I  have  ever  seen.  I  do  not 
know  any  concretion  in  terrestrial  rocks  like  them.     The  Bessemer  globules 

aro  thus  |Es?5?)  i  whilst  the  concretions  in  rocks  are  thus 


as  you  see,  the  former  is  just  the  character  of  those  in  meteorites." — (Letter 
to  Mr.  Greg ;  Sheffield,  June  23rd,  1866.) 

"  Meteors,  Aerolites,  and  Falling-stars."  By  Dr.  T.  L.  Phipson  *. — A 
recapitulation  of  known  facts  and  theories,  rather  than  a  work  of  original  re- 
search, this  little  volume  yet  contains  a  mass  of  interesting  information,  and 
of  observations,  not  hitherto  brought  together  into  one  book.  The  following 
passage,  briefly  abstracted  from  pp.  172-178  of  the  work,  conveys  the  ingenious 
opinion  of  the  author  on  the  early  history  of  aerolites,  fireballs,  and  shooting- 
stars,  ascribing  to  them  a  community  of  origin  with  the  earth,  as  supported 
by  the  then  existing  results  of  astronomical,  and  chemical  researches  on  aero- 
lites and  falling-stars,  made  known  in  the  previous  pages  of  the  work. 

"  The  chemical  portion  of  this  interesting  problem  has  been  completely 
solved;  aerolites  are  shown  to  be  of  the  nature  of  the  earth.  And  if  we  combine 
lor  a  moment  the  planetary  theory  [of  aerolites]  and  the  fact  that  the  large 
aerolites  fall  generally  during  the  day,  whilst  the  large  bolides  (either  silent 
or  detonating)  appear  usually  soon  after  sunset,  and  shooting-stars  (espe- 
cially the  November  and  August  swarms)  always  in  the  night  t,  we  are 
forcibly  drawn  to  the  conclusion  that  our  earth  circulates  round  the  sun  in 
or  near  a  continuous  cloud  of  its  own  dust  (matter  thrown  from  it  during 
the  earlier  periods  of  its  existence),  and  that  this  dust  is  distributed  in  such 
a  manner  that  its  larger  fragments  circulate  inside  the  earth's  orbit  (v.  A.  S. 
Herschel, '  Intellectual  Observer,'  April  1866)  and  gradually  decrease  in  size 
as  they  extend  beyond  this  orbit ;  hence  the  phenomena  of  aerolites,  bolides, 

and  shooting-stars If  in  future  years  extended  observations  enforce 

upon  us  the  truth  of  the  assumption  that  meteoroids  are  really  the  dust  of  the 
earthy  fragments  of  the  earth's  mass  thrown  from  it  in  early  years  (when 
volcanic  action  was  intense,  probably  long  after  the  moon  was  separated  from 
it),  which  myriads  of  fragments  have  continued  ever  since  to  circulate  along 
or  near  to  the  earth's  path,  then  I  shall  be  satisfied  to  have  originated  this 
theory." 

Since  this  was  written,  the  remarkable  and  probably  more  correct  theory 
of  the  cometary  and  extra-planetary  origin  of  meteors,  advanced  by  M. 
Schiaparelli,  has  been  favourably  received  by  astronomers  and  meteorologists. 

'  Meteoric  Astronomy ;  a  Treatise  on  Shooting-stars,  Fireballs,  and  Aero- 
lites.' By  Daniel  Kirkwood,  LL.D.,  Professor  of  Mathematics  in  Washington 
and  Jefferson  College,  U.  S.J 

This  treatise  is  a  somewhat  more  condensed  and  scientific  work  than  the 
last.  In  the  first  two  chapters  the  history  and  character  of  the  ring  of  the 
November  meteors  are  described  at  length,  and  the  recent  theory  of  M. 
Schiaparelli  on  the  August  and  other  meteoric  rings  is  specially  noticed.   The 

*  Lovell  Beere  and  Co.,  London,  1867. 

t  The  greatest  rate  of  frequency  of  shooting-stars,  occurring  in  the  morning  hours  of 
the  night,  or,  on  the  average  of  the  whole  year,  between  3  o'clock  and  6  o'clock  am.,  is  here 
referred  to. 

X  Triibner  and  Co.,  London,  1867. 
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d  chapter  contains  a  catalogue  of  stonefalls,  in  chronological  order ;  and  the 
-11th  chapters,  discussions  of  various  questions  in  the  theory  of  meteors, 
1  as : — the  relative  number  of  meteoric  falls  during  the  different  parts  of 
day,  or  year ;  the  coexistence  of  different  forms  of  meteoric  matter  in  the 
e  rings ;  meteoric  dust ;  the  stability  of  the  solar  system,  and  the  hypo- 
is  of  a  resisting  medium ;  the  extent  of  the  atmosphere  as  indicated  by 
eors ;  the  chemical  and  mechanical  theories  of  solar  heat ;  and  the  ex- 
lation  of  temporary  and  variable  stars  by  the  revolution  round  them  of 
eoric  rings.  In  the  12th  chapter,  the  rings  of  Saturn  are  regarded  as 
nples  of  such  formations,  the  principal  gap  or  interval  between  them 
g  thus  especially  accounted  for.  The  13th  chapter  treats  of  the  zone  of 
roids ;  and  in  the  concluding  chapter  of  the  work  the  Nebular  Hypothesis 
presented  as  giving  an  intelligible  explanation  of  the  origin  of  meteoric 
ims  *.  A  condensation  of  nebulous  matter,  "  it  is  thus  seen,  accounts 
tfactorily  for  the  origin  of  comets,  aerolites,  fireballs,  shooting-stars,  and 
3oric  rings." 

i  summing  up  the  result  of  his  conclusions  (pp.  120-122),  Dr.  Xirkman 
i  the  recent  calculations  of  Leverrier  and  Schiaparelli  on  the  remarkable 
lexion  observed  to  exist  between  TempeFs  comet  (I.  1866)  and  the 
ip  of  the  November  meteors ;  of  which  group  the  comet  appears  to  con- 
ite  the  nucleus.  The  probable  periodic  time  (about  105  years)  of  the 
ust  meteoric  ring  is  also  noticed,  the  similarity  of  its  elements  to  those 
be  orbit  of  the  third  comet  of  1862,  and  the  remarkable  circumstance, 
pointed  out  by  Schiaparelli,  that  a  nebulous  mass  drawn  into  the  solar 
3m  from  without  will  be  deformed  in  its  approach,  so  as  to  pass  the  sun 
very  narrow  stream,  and  that  if  it  returns  in  an  elliptic  orbit  it  will, 
r  a  certain  number  of  revolutions,  be  converted  into  a  continuous  ring  of 
3rial  substance.  The  aerolitic  epoch  of  the  27th-30th  of  November  may, 
aps,  be  produced  by  such  a  ring  connected  with  Biela's  comet,  near  the 
k  of  which  the  earth  annually  passes  at  about  that  date. 
rith  regard  to  aerolites,  it  is  observed  that  they  are  more  frequent 

(1)  by  day  than  by  night, 

(2)  in  the  afternoon  than  in  the  forenoon, 

(3)  when  the  earth  is  in  aphelion  than  when  it  is  in  perihelion. 

first  of  these  conditions  is  accounted  for  by  the  difference  in  the  num- 
)f  observers.  The  second  indicates  that  the  orbital  motion  of  aerolites 
merally  direct ;  and  the  third  is  dependent  on  the  greater  length  of  the 
in  the  apheliac  than  in  the  periheliac  portion  of  the  year.  The  asteroidal 
a  between  Mars  and  Jupiter  is  not  impossibly  a  wide  meteoric  zone  in 
:h  the  largest  aggregations  are  visible  to  us  as  the  minor  planets.  The 
ical  light  may  also  be  regarded  as  an  immense  swarm  of  meteor  aste- 
i ;  and,  finally,  the  meteoric  theory  of  solar  light  and  heat  is  included 
le  treatise  as  a  consequence  of  the  same  form  of  the  nebular  hypothesis. 

it  p.  90,  speaking  of  the  radiant-point  of  the  19th-20th  of  April  meteoric  shower, 
Cirkwood  states,  on  Mr.  Greg's  authority,  that  it  is  about  Corona.  This  mistaken 
ate  of  its  position,  from  an  imperfect  Tiew  of  the  phenomenon  on  the  night  of  the 
of  April,  1863,  was  giren  by  Mr.  A.  S.  Herschel  in  a  lecture  deliyered  a  few  days 
at  the  Royal  Institution,  in  London.  The  position  of  the  radiant-point  was  more 
ately  determined  in  the  following  year  (see  these  Reports  for  1864,  p.  98),  and  it  was 
found  to  coincide  with  the  place  assigned  to  it  by  Herriok,  in  1839,  "  near  «  Lyras." 
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Meteors  observed  at  Cambridge  Observatory,  August  Sih,  1868. 


No. 


Magni- 
tude, 


Angular 
Direction 
by  Clock- 
face,  or 
Position 
circle. 


True 
Greenwich 
Mean  Time 
of  Obser- 
vation. 


Azimuth 
corrected 
for  Index- 
error. 


Zenith- 
distance 
corrected 
for  Index- 
error. 


Notes. 


Observer. 


9. 
10. 
11. 
12. 
13. 
14. 

15. 
16. 

17. 
18. 


v.  small 


t 


104° 


5* 


99° 

270° 

4i* 

3h 


65° 
96° 

5* 
4h 


h  m  s 
10  5  26 
10    9  46 


10  18  18 
10  30  38 
10  37  30 


10  46  18 

10  49  48 

11  1  27 


11  7  58 
11  14  55 
11  17  15 
11  21  13 
11  25  48 
11  27  40 

11  37  4 
11  44    8 

11  46  24 
11  46  29 


268    9 
237  21 


326  27 
277  45 


190  39 
342  21 


45  36 
51  36 


17    6 
21    6 


Near  to  y  Androme- 
da;, from  a  little 
above  y  Persei  to 
y  Andromeda. 

Under  clouds  .... 

Train  

From  a  faint  star 
above  the  line  join- 
ing a  and  /3  An- 
dromeda? to  If. 

From  e  Pegasi    . 

From  d  Ursa  Mino- 
ris  to  y. 

Just  above  a  Ophi- 
uchi  and  a  Her- 
culis  towards  Co- 
rooa. 

Seen  through  clouds 

Short  train 


Mrs.  Adams. 
£adem. 


Prof.  Adams. 

Idem. 

T.Adams. 


Mrs.  Adams. 
T.  Adams. 

Mrs.  Adams. 


11    6 
81  18 


From  /3  Aquilte 

From  a  Cephei  

Recorded    by    Prof. 
Challis. 


Observed  likewise  by 
Prof.  Challis. 

Train  

Train  


__ 


Bad. 

Prof.  Adams. 

Id. 

Id. 

T.Adams. 

Prof.  Challis. 

Prof.  Adams. 
H.T. 

Mrs.  Adams. 
Bad. 


August  10th,  1868. 


2. 
3! 


4. 
5. 

6. 
7. 
8. 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 


y 


6h 
281° 

258° 


65° 
121° 


309° 


10    2  29 

10    7  25 
10    8  48 


10  9  57 
10  16  13 

10  21  53 
10  24  8 
10  25  43 


10  &3  31 

10  33  51 
10  33  54 
10  33  55 
10  38  35 
10  41  7 
10  42  9 
10  43  1 
10  43  54 


164  31 


104    7 


346  37 
331  37 


107  13 
292  55 
263     1 


30  52 


59  46 


59  40 
59  22 


59  16 
62  10 
34  34 


Hal  fwaj  bet  ween  A  re-  Mrs.  Adams, 
turns  and  Cor.  Car. 

Prof.  Adams. 

Train ;  a  little  above  Mrs.  Adams. 
<r,  and  a  little  be- 
low 8  Ursae  Maj. 

Prof.  Adams. 

Through  the  head  of  Mrs.  Adams. 
Draco. 

Prof.  Adams. 

Id. 

Mrs.  Adams. 


Towards  yf/  Ursae  Ma- 
joris,  from  between 
(3  and  e. 

From  a  to  e  Cygni, 


H.Q-. 


In  Ursa  Maj. ;  small, Mrs.  Adams. 

Ditto;  ditto    Ead. 

[Ditto;  ditto    |Ead. 

From  a  Ophiuchi  ...|H.  G. 

, Prof.  Adams. 

Towards  a  Androm.  .Mrs.  Adams. 

I        !Ead. 

jNearCapella  'Bad. 
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No. 


Magni- 
tude, 
a,/3,y. 


Angular 
Direction 
by  Clock- 
face,  or 
Position- 
circle. 


ia 

19. 


20. 
21. 
22. 
23. 
24. 

25. 


27. 
28. 
29. 


31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 

43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 

51. 

52. 

53. 

54. 
55. 
56. 
57. 
58. 
59. 


t 


7 

y 


y 
y 


l 


y 


True 

Greenwich 
Mean  Time 

of  Obser- 
vation. 


165° 

4*k 
4h 

5* 

71h 
2|* 


2*  or  2*h 


112° 
5* 
5* 

4*h 


25° 
4h 

9* 
6h 
8* 


5* 

9* 

5i* 
10ih 

8±> 
255° 

7h 

8h 

1239°  } 
220° 

{235°} 
5h 
284° 
7* 
74* 
7h 


h  m  8 
10  45  37 
10  48  35 


10  52  35 
10  55  53 

10  56  12 

11  5  52 
11    9    1 

11  11  14 
11  14  25 


11  17  30 
11  21  57 
11  28  17 


11  37  53 

11  31  17 
11  34  34 
11  37  51 
11  41  27 
11  45  6 
11  45  15 
11  45  54 
11  47  20 
11  50  49 
11  54  23 
11  54  42 
11  56  54 


Azimuth 
corrected 
for  Index- 
error. 


57  4 

59  10 

3  3 

5  46 

6  39 

7  49 
9  16 

10  29 

16  34 

22  7 

23  50 

27  38 

28  30 
3  9 

38  32 
42  57 
46  55 


358  5^ 


24  49 
57  37 

353*43 


204  37 
244  55 


256  25 


343  55 
63  7 
45  37 

350  49 


190  1 
17  43 

117  13 
68  49 


182  31 
91  1 
169  43 
210  25 
147  25 
113  37 
159  25 
122  31 

78  1 

102  31 

159  25 

22  31 
202  31 
171  31 
153  31 
168  37 


Zenith- 
distance 
corrected 
for  Index- 


64  22 


53  34 
56  46 

59  46 


67  46 
34  16 


40  22 


14  40 
59  16 
44  58 
44  40 


56  34 
60  52 
60  16 
64  10 


65  46 
30  22 
55  40 

26  46 

62  10 
64  46 
69  28 

63  46 

62  46 
68  40 
68  34 

62  16 

27  10 
62  40 
42  40 
55  22 


From    £    Cygni 
slightly     west 
Delphinus ;     good 
train. 


Notes. 


H.G. 

Mrs.  Adams. 


Through  a  Aquilae ... 

Train   

Slightly  to  left  of  a 

Arietis. 

Short  train 

Fine  train;  remained 

visible  some   time 

in  Cassiopeia. 

Ead. 

Train  Ead. 

From  a  little  below  Ead. 

Polaris,  very  little 

below  ic  Draconis. 
From  a  little  above  Fad. 

Polaris  to  £  Ursa. 


Observer. 


H.  g. 

Prof.  Adams. 

H.G. 

Id. 

Mrs.  Adams. 

Ead. 
Ead. 


Train  

Very  slow 


Over  17  Ursa  ... 
From  P  Ursa,  line 
joining  a  and  /3. 


Short  train . 


Train 


A  very  fine  train 


Train 


An- 


Vanished  at 
dromeda ; 
from  a  point  mid- 
way between  Cas- 
siopeia and  a  An- 
dromeda. 


Prof.  Adams. 

H.G. 

H.T. 

H.G. 

Mrs.  Adams. 

Id. 

Prof.  Adams. 

H.  T. 

Prof.  Adams. 

Mrs.  Adams. 

Ead. 

Ead. 

Ead. 

Ead. 

Ead. 

Prof.  Adams. 

Id. 

Mrs.  Adams. 

Ead. 

Jfirot.  Adams. 

Id. 

Id. 

Mrs.  Adams. 

H.G. 

Prof.  Adams. 

Mrs.  Adams. 

Ead. 

Prof.  Adams. 

Id. 
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Table  (continued). 


No. 

Magni- 
tude, 

Angular 
Direction 
by  Clock- 
face,  or 
Position- 
circle. 

True 

Greenwich 

Mean  Time 

of  Obser- 

Tation. 

Azimuth 
corrected 
for  Index- 
error. 

Zenith- 
distance 
corrected 
for  Index- 
error. 

Notes. 

Observer. 

60. 
61. 
62. 

63. 

64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 

7 
P 

y 
y 
y 

...... 

8* 

5* 

{233°) 
6* 

246° 
6** 
8*> 
8ih 
6* 

h   m  s 
12  50    3 

12  57  54 

13  1    4 

13    4  55 

13    8    9 
13  13    9 
13  13  12 
13  14  58 
18  17    9 
18  25  37 
13  29  86 
13  29  39 
13  31  50 
13  85  54 

0    j 

0     i 

54  28 
69  40 

55  16 

38  58 
50  28 

Across  a  liyrtd    

Through  (Urate 

From  below  a  Aquihe 

Prof.  Adams. 

Id. 

H.  G. 

Prof.  Adams. 

H.  G. 

Prof.  Adams. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Mrs.  Adams. 

212  37 
83  13 

169*55 

177  55 

70  55 

Train  

Near  Potorit 

Verv  bright     

Observations  of  Shooting -stars  made  at  the  Radcliffe  Observatory,  Oxford,  on 
the  nights  of  August  8th,  9th,  10th,  llth,  12th,  and  13th.  Communicated 
by  the  Radcliffe  Observer. 

The  times  noted  (when  seconds  are  inserted)  are  within  a  few  seconds  of 
Greenwich  mean  solar  time. 

August  8th. — 

G.M.T. 

h 


At 


m 
9  24 

9  41 

10  0 

11  13 
11  87 
11  52 


A  train  seen  in  Cassiopeia,  moving  from  north  to  south ;  but  the  body  of 

the  meteor  was  not  seen. 
A  meteor  appeared  close  under  Polarii ;  direction  from  east  to  west. 
One,  of  the  2nd  mag-,  in  Cassiopeia),  moving  towards  the  north. 
(2nd  mag.)  From  Polaris,  by  /J  Ursae  Minoris ;  a  train. 
From  a  Persei,  downwards. 
From  Polaris  to  north  horizon. 


The  sky  was  overcast  after  these  observations. 

August  9th. — The  sky  was  blackly  overcast  nearly  all  the  night,  with  the 
exception,  of  a  small  portion  in  the  north,  where  some  of  the  stars  of  Ursa 
Major  were  visible,  the  clear  sky  extending  as  far  as  Arcturus  in  the  west. 

At  10  30    0    A  meteor  equal  to  a  star  of  the  1st  mag.,  of  a  red  colour,  moving  from  a 
little  to  the  west  of  17  Urs»  Majoris  to  Arcturus ;  a  train. 
0    (4th  mag.)  From  p  Urss  Minoris  to  north  horizon. 
0    (1st  mag.)       „    a  point  somewhat  near  Capella  (which  could  not  be  seen 
for  clouds),  towards  the  north  horizon,  of  a  yellowish  colour. 
11  16    0    (2nd  mag.)  White;  from  fi  Ursa  Majoris,  westward;  motion  very  rapid. 

At  llh  20",  the  sky  became  quite  overcast. 

August  10th. — Mr.  Lucas  began  to  watch  about  9  o'clock,  and  continued 
to  observe  till  13h  20m,  when  clouds  came  up.  In  the  first  three-quarters  of 
an  hour  no  meteor  was  seen. 


11 
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GLM.T. 

h     in     s 

9  49   10  (4th  mag.)  From  jj  Pegasi  to  X  Pegasi. 

9  52   15  { 5th  mag.)       „    a  Andromeda*  to  south-east  horizon. 

9  54     O  „    if  Pegasi  to  south-east  horizon  (seen  by  Mr.  Main). 

9  55  Hh  „    ij  Pegasi,  downwards  (seen  by  Mr.  Main). 

9  57  S)  (5th  mag.)       „    y  Cassiopeia,  southwards,  in  the  direction  of  the  Milky 

Way. 

10  2  35  {4th  mag.^       „    y  Andromeda;,  upwards,  towards  the  south;  a  train. 

(1st  mag.)  In  Perseus  (time  not  noted),  seen  by  Mr.  Main. 

(1st  mag.)  Near  a  Aquilse  (time  not  noted),  seen  by  Mr.  Main. 

10  12     0  From  g  Ursa)  Majoris,  westward ;  a  train. 

10  15     0  Through  Cassiopeia,  north-east  to  south-west. 

10  31   50  (5th  mag.)  From  Sagitta,  in  direction  north-west. 

10  33  40  (5th  mag.)      „     the  cluster  in  Perseus  (x),  southwards. 

10  37     0  (6th  mag.)      „      Cassiopeia,  southwards. 

10  38     0  Two  meteors,  through  Perseus,  westwards;  seen  by  Mr.  Main. 

10  39  50  (6th  mag.)  From  y  Persei  to  Cassiopeia. 

10  41     0  (6th  mag.)      „      Capella,  upwards. 

10  42  20  A  meteor  appeared  for  an  instant  below  p  Andromeda?,  and 

disappeared  at  the  same  place,  having  no  apparent  motion. 

10  49    0  From  Cassiopeia  towards  the  south-west  (downwards) ;  seen  by 

10  52     0  „      Polaris  to  j3  Ursae  Minoris. 

10  53    0  (2nd  mag.)  White ;  from  /3  Draconis,  westward ;  a  train. 

10  54    0  From  Cassiopeia,  through  Ursa  Major ;  train ;  Mr.  Main. 

10  55    0  „      Cassiopeia  to  Capella ;  a  train;  Mr.  Main. 

10  55    0  Two  from  Polaris,  downwards. 

10  56    0  (2nd  mag.)  From  Cassiopeia  to  Pegasus;  a  train. 

10  57    0  „    A  Ursae  Majoris  to  /3  Urate  Majoris. 

Ill     0  North  of  Jupiter,  southwards  (Mr.  Main). 

11  9    0  From  Perseus,  south-east  (Mr.  Main). 

11    9  23  „     Perseus,  south-east  (Mr.  Main). 

1112  10  „      Perseus  to  Andromeda  (Mr.  Main). 

11  14  20  (1st  mag.)      „      j8  Persei  to  Aries  (Mr.  Main). 

11  16  50  (1st  mag.)      „      Perseus  to  a  Ursa  Majoris ;  a  train. 

11  18    0  „      ditto  ditto. 

11  19  40  (2nd  mag.)     ,,      a  Ursae  Majoris,  towards  north-west  horizon. 

1120  50  „      *  Draconis,  towards  north-west  horizon. 

112150  „      y  Andromedae,  towards  east  horizon. 

11  28    0  „      a  Arietis,  towards  Jupiter  (Mr.  Main). 

11  30    0  „      p  Persei,  northwards  (Mr.  Main). 

1137    0  „      a  Persei  to  a  Ursa?  Majoris. 

11  43  10  (2nd  mag.)     „      P  Urate  Minoris  to  Canes  Venatici. 
1144  40  „      a  Coronas  to  west  horizon. 

12  7    0  „      a  Ophiuchi  to  west  horizon. 

12  10  20  (2nd  mag.)    „      Polaris  to  8  Ursae  Majoris ;  a  train. 

12  16  50  (2nd  mag.)     ,,     p  Draconis  to  a  Coronas ;  a  train. 

12  21  20  Midway  between  17  Ursae  Majoris  and  a  Coronae  to  west  horizon. 

12  23  20  From  y  Ursae  Minoris  to  a  Coronae. 

12  27  20  (4th  mag.)      „      ij  Draconis  to  a  Coronae. 

12  28  20  (2nd  mag.)     „      ij  Persei,  downwards. 

12  80  20  „     p  Ursae  Minoris,  towards  a  Coronae. 

12  34  20  (4th  mag.)      „      ij  Draconis,  towards  Corona. 

12  43  20 North  of  Capella,  in  a  line  with  a  Persei,  towards  north-east 

horizon. 

12  46  25  .; From  y  Andromedae  to  the  Moon. 

12  49   0  (4th  mag.}  Below  the  Pole,  in  a  line  with  Cassiopeia,  to  a  Ursae  Majoris. 

12  57    0  (5th  mag.)  From  0  Ursae  Majoris  to  P  Ursae  Majoris. 

13  2    0  „      Capella,  downwards. 

13  13   0  „     p  Persei,  downwards. 

13  20   0  „      e  Cassiopeiae  to  a  Persei 

About  11  o'clock  some  streamers  (probably  auroral)  were  seen  by  Mr. 
Main,  at  an  altitude  of  about  35°  above  the  north  horizon.    They  were  at 
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first  mixed  up  with  the  Milky  Way,  hut  were  seen  to  drift  to  the  west  of  it 
in  a  few  minutes,  and  then  they  gradually  disappeared. 

Several  flashes  of  lightning  were  seen  between  llh  and  12*,  a  little  above 
the  north  horizon.     No  clouds  were  seen  in  that  part  of  the  sky  at  the  time. 

August  11th. — The  sky  was  quite  overcast  till  9\  when  it  suddenly  cleared 
and  became  intensely  bright.  At  9h  4m,  a  bright  white  meteor  was  seen  to 
come  from  behind  a  cloud  near  the  north  horizon,  very  near  Capella,  which 
was  at  that  time  hidden  by  the  cloud  ;  it  took  a  direction  towards  fl  Aurigae. 

G.M.T. 

h   m    s 
At    9  19    0    (2nd  mag.)  From  12  Can  urn  Venatioorum  to  e  Virginia. 

9  25    0    (4th  mag.)   Under  the  Pole,  westwards. 

9  35  40    (1st  mag.)    From  a  Caprioorni,  eastward  ;  a  train. 

9  40    0    (3rd  mag.)      „      between  §  and  h  Ursa?  Majoris  to  jc  Urate  Majoris. 

9  41  '  5    (1st  mag.)       „      Polaris  to  0  Bootis. 

9  53    0    (2nd  mag.)     „      Polaris  to  *  Ursa?  Majoris. 

9  59    0      „      Ophiuchus,  westward. 

,,      Aquarius,  southward. 

„      Polaris  to  Cassiopeia  (Mr.  Main). 

10  13    0     (5th  mag.)      „      a  Aquarii  to  a  Caprioorni. 

10  13    0    (1st  mag.)      „      a  Aquilae.  in  the  direction  of  the  Milky  Way,  towards 

the  south-west. 

10  13    0      ,,      v  Ursa  Minoris  to  e  Bootis  (Mr.  Main). 

10  29    0    (2nd  mag.)     „      Sagitta,  towards  the  south-west. 
10  43  45    (2nd  mag.)     „      y  Cassiopeia?,  to  a  Lyrae ;  a  long  train. 
10  53  55    (2nd  mag.)     „      p  Draconis  to  a  Ophiuchi ;  a  long  train. 
10  66    0    (4th  mag.)      „      a  Cephei  to  a  Lyra?. 

10  59    0    (4th  mag.)     „      a  Andromeda?  to  y  Pepsi. 

11  11  15    (2nd  mag.)     „      /3  Persei  to  a  point  a  little  below  a  Arietis. 
11  13  25    £2nd  mag.)     „      y  Cassiopeia;  to  a  Cygni  ;  a  long  train. 

11  16  40    (2nd  mag.)     „      p  Draconis  to  a  Ophiuchi ;  a  long  train. 

1125    0      „      Polaris  to  a  Draconis. 

11  39    0    (4th  mag.)      „      /3  Andromeda;  to  a  point  a  little  to  the  east  of  a  An- 

dromedae. 
11  53    5     (1st  mag.)      „      a  little  to  the  west  of  Polaris,  past  a  Lyra;  to  Aquila ;   a 

long  train. 
11  12    8    (4th  mag.)      „      ij  Draconis  to  Hercules. 
11     0  15      „      Aquila,  towards  the  south-west. 

A  thick  haze  came  on  after  this ;  only  the  large  stars  remained  visible. 
The  observations  throughout  were  made  by  Mr.  Lucas,  except  in  cases  in 
which  they  are  denoted  as  being  made  by  Mr.  Main. 

August  12th. — Thickly  overcast  till  10h  45m,  when  the  clouds  cleared  away, 
leaving  a  little  haze  for  some  time,  through  which  only  the  larger  stars  were 
visible.  As  the  haze  disappeared,  clouds  gradually  spread  over  the  sky  again. 
At  about  llh,  a  cloud,  lying  in  a  great  circle,  extended  from  the  south-east 
horizon,  passing  a  little  to  the  south  of  Jupiter  under  fi  Pegasi,  and  by  »/  Ursae 
Majoris  to  the  north-west  horizon.  It  slowly  travelled  northwards  till  it 
reached  Capella,  when  it  gradually  faded  away.  While  passing  Andromeda, 
its  width  nearly  filled  the  space  between  a  and  /3  Andromed©.  The  follow- 
ing meteors  were  seen  afterwards : — 

At  11  17  0  (1st  mag)   White;  from  ij  Lyrae,  in  a  south-west  direction  to  the  Milky 
Way ;  a  train. 

1 1  20  0  (2nd  mag.)  From  Aquarius  to  a  Caprioorni ;  a  train. 

1 1  22  0  (3rd  mag.)      „      8  Aquilae,  in  a  south-westerly  direction. 

11  38  0  (1st  mag.)      „      f3  Draconis  to  a  Ophiuchi ;  a  long  train. 

11  42  0  (3rd  mag.)     „      a  Aquilae,  in  a  south-easterly  direction. 

11  52  0  (4th  mag.)      „      Polaris  to  a  Draconis. 
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iugust  13th. — A  strict  watch  was  not  kept  to-night ;  but  the  following 
teors  were  seen  by  Mr.  Lucas : — 

&M.T. 

h  m  8 

10  49  0  (2nd  mag.)  From  Polaris  to  q  Ursa*  Majoris. 

10  49  0  (3rd  mag.)  „  Cassiopeia,  southwards. 

10  50  0  (1st  mag.)  „  below  a  Pegasi  to  a  Capricorni. 

10  54  0  (2nd  mag.)  „  Sagitta  to  a  Aquil©. 

11  0  0  (1st  mag.)  „  a  Andromeda?,  past  a  Pegasi;  a  train. 
11  29  0  (3rd  mag.)  „  X  Bootis  to  y  Bootis  (Mr.  Quirling). 
11  35  0  (2nd  mag.)  „  /3  Pegasi  to  a  Aquarii ;  a  train. 


11  43  0  (5th  mag.)      „     Jupiter,  southwards. 

11  49  0  (4th  mag.  J      „     e  Bootis,  towards  south  horizon  (Mr.  Quirling). 

11  49  0  (5th  mag.)      „      y  Pegasi,  southward. 

11  54  0  (2nd  mag.)     „      a  Andromeda  to  y  Pegasi  (Mr.  Quirling). 

11  59  0  (4th  mag.)     „      8  Pegasi  to  Capella. 

12  6  0  (1st  mag.)      „     below  Jupiter  to  east  horizon ;  motion  slow ;  a  train. 

12  11  0  (5th  mag.)      „      a  Pegasi,  southward ;  very  rapid  motion. 

13  18  0  (3rd  mag.)     „      a  Pegasi  to  a  point  between  a  Andromeda)  and  y  Pegas 

(Mr.  Quirling). 

13  20  0  (4th  mag.  J     „     /3  Arietis,  northward,  passing  a  Arietis ;  a  train. 

13  28  0  (3rd  mag.)  A  very  little  to  the  east  of  Jupiter,  southward. 

13  28  0  (5th  mag.)  From  a  Persei,  eastward. 

13  40  0  (5th  mag.)      „     a  point  between  (  and  a  Pegasi,  southward. 

Eobkkt  Main. 
adoliffe  Observatory,  Oxford, 
August  15th,  1868. 

)eak  Glaisher, — Enclosed  is  a  list  of  meteors  seen  this  evening ;  there 
e  some  twenty  others  (very  small),  which  are  not  included.  The  meteors 
•e  most  abundant  between  10*  p.m.  and  10h  15m  p.m.,  and  there  were 
3ral  points  of  convergence  ;  one  in  sword-handle  of  Perseus,  and  another 
htly  north  of,  and  above  Cassiopeia,  accounted  for  most  of  the  meteors, 
paths  were  very  short,  of  all  meteors  seen  near  these  points;  those 
eors  in  Ursa  Major,  Ursa  Minor,  and  in  south  and  south-west  had 
r  long  paths.  All  were  blue  or  colourless,  mostly  intensely  blue,  and 
rly  all  had  streaks,  were  very  rapid  in  their  movements,  and  vanished 
antaneously.  During  the  last  few  days  there  have  been  several  large 
eors  each  evening  between  9*  15m  p.m.  and  10*  15m  p.m.  From  llh  p.m., 
ds  and  moonlight  interfered  much  with  the  observations.  The  meteor  at 
»8m  50*  was  very  remarkable. 

Believe  me, 

Yours  very  truly, 

E.  J,  Lowb. 
ghfield  House,  Aug.  10, 1868. 

,8.  Evening  of  10th  cloudy;  11th,  from  6h  a.m., thunder-storms  and  the 
king  up  of  the  drought,  2  inches  of  rain  having  fallen  to-day.  From 
p.m.,  stars  for  a  time,  but  I  saw  no  meteors. — E.  J.  L. 

Meteors  seen  at  Highfield  House,  August  9th,  1868. 

m    a 

32  10  a.  M.  T.  Started  1°  north  of  a  Cygni,  passing  1°  south  of  Veca,  and  ending  at 
X  Lyrae.  Intense  blue ;  long  streak  left,  which  faded  rapidly.  Size 
of  Vega;  moved  rapidly. 

35  15  „  From  a  Cy^ni,  through  e  Cvgni,  to  /3  Delphini ;  very  small ;  colour- 
less ;  rapid.    The  direction  almost  at  right  angle  to  the  last 

.  2  a 
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9  36  10  Gk  M.  T.  Started  at  Polaris,  and  moved  to  within  20*  of  if  Vrm  Majoris. 

Very  rapid;  lst-mag.  star;  pale  blue;   exceedingly  long  streak. 
(Convergent-point  Cassiopeia.) 
9  42    0         „       From  fi  Cassiopeia)  to  %  Andromeda ;  equal  2nd-mag.  star ;  rapid  ; 
blue. 

9  46  30         „       From  8  to  near  y  Cassiopeia? ;  between  these  two  stars,  but  not  -ex- 

tending to  either ;  very  small  and  rapid;  blue.  (Convergent-point 
sword-handle  of  Perseus.) 
9  49    3         ,,       Second  mag.  star;  long  streak.    From  the  star  No.  43  Andromedae 

!2}°  above  /3  Andromeda?),  and  ended  3°  below  a  AndromecUe, 
Convergent-point  sword-handle  of  Perseus.) 
9  52    4         „       Crossing  8  Andromedse  to  y  Pegasi ;  equal  3rd-mag.  star ;  rapid  ; 

long   pale   blue    streak.      (Convergent-point   sword-handle  of 

Perseus.) 
9  66  40         „       From  p  Cassiopeia,  across  Andromeda,  to  south ;  smalL 
9  56  42         „       From  just  below  the  last,  and  in  same  direction ;  both  equal  3rd- 

mag.  star,  with  faint  streaks.    (Point  of  convergence  of  both  3° 

above  sword-handle  of  Perseus.) 
9  58  50         „       In  sword-handle  of  Perseus,  a  meteor  appeared  and  disappeared 

without  moving,  like  a  blue  flash  of  distant  lightning,  not  more 

than  40'  in  diameter. 

10  0    0         „       Rapid ;  across  a  Pegasi,  down  towards  south  horizon. 

10  5  25  „  From  e  Pegasi,  across  e  Aquarii ;  equal  2nd-mag.  star ;  long  blue 
[=B  *l(P  6"]  streak ;  very  rapid. 

10  6  30         „       Small ;  across  Pisces,  moving  from  north  to  south. 

10    6  60         „       From  slightly  north  of  a  Cygni  across  ij  Pegasi ;  lone  streak. 

10    8  30         „       Passed  just  above  ij  Pegasi  towards  south ;  very  rapid ;  long  streak. 
(Convergent-point  above  and  north  of  Cassiopeia.) 

10  10  40         „       Across  y  Cygni,  from  direction  of  a  point  5°  above  \  Cassiopeia). 

10  12  40         „       5°  below  Dolphin  us.    (Convergent-point  5°  above  y  Cassiopeia?.) 
[=B.10M8-] 

10  13  55         „       Just  above  17  Pegasi,  downwards  towards  south.    (Same  convergent- 
point  as  the  last).    Large  and  long  streak ;  blue. 

10  17  2  „  Equal  twice  a  lst-mag.  star ;  intense  blue ;  long  streak ;  very  rapid ; 
[=8.10*18™]  from  w  Pegari,  down  towards  south.     (Convergent-point  same  as 

last.)     (Some  cloud  for  twenty  minutes.) 

10  45  40         „       Moved  from  north  of  Praeepe  towards  north  horizon ;  very  short 
path. 

10  46  0  „  From  Cassiopeia,  passed  under  Polaris,  passing  between  S  and  « 
P =B.  10* 47i,B]  Ursae  Majoris ;  above  size  of  lst-mag.  star ;  blue ;  very  long  streak. 

(Convergent-point  above  Cassiopeia.) 

10  66  20         „       Equal  lst-mag.  star ;  very  blue  streak ;  from  3(f  above  north  hori- 

zon, falling  nearly  perpendicularly  down,  slightly  inclining  west 
(Convergent-point  sword-handle  of  Perseus.) 

11  1  10         „       From  under  Polaris,  across  Ursa  Major,  from  direction  of  sword- 

handle  of  Perseus. 
1 1  3  45  „  A  very  large  globe  meteor  (six  times  the  size  of  Jupiter) ;  blue ;  from 
l(f  below  a  Aquilse ;  fell  down  the  Milky  Way,  leaving  a  long 
train  of  separate  sparks,  which  lingered  after  the  meteor  had 
vanished.  (H.  L.  P.  Lowe.)  (More  clouds  of  phosphorescent 
cirri) 

11  56  40         „       From  a  Cvgni,  perpendicularly  down,  to  near  west-south-west  ho- 

rizon ;  duration  only  4''. 

12  0  2  „  Equal  2nd-mag.  star ;  colourless;  crossing  Draco,  from  the  direo- 
[?=B.  12h  2»]  tion  of  Cassiopeia, 

13  43  35  Equal  lst-mag.  star ;  from  Altair,  towards  south  horizon,  with  a  long 

blue  train. 

*  Meteors  marked  thus,  B.,  are  regarded  as  identical  with  meteors  simultaneously 
observed  at  Birmingham  (see  Catalogue) ;  and  their  real  heights  are  recorded  in  the 
Table  of  Appendix  L 
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Notes  on  August  Meteors,  1868,  at  Winchfield,  Hants. 
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Time. 


Size. 


Colour. 


Train. 


Path. 


Bemarks  as  to 
Train. 


August  9th. 
h  m    s 

10  35    0 

11  21  30 

August  10th. 
10    9    0 

10  11    0 

10  14    0 
10  15    0 

10  16    0 


Magni- 
tude. 

1st 

2nd    


White 
White 


=  Jupiter 
Jupiter 


Bluish  white  Train 


5th 
4th 

2nd 


10  20    0     4th 


10  20  40 

10  22  30 

10  35    0 

10  35  50 
10  41  10 

10  46    0 
[=B.10h46m] 
10  48    0 
10  51    0 
10  51  10 

10  53  30 

10  55  10 

10  55  30 

11  6  30 
[=B.llh7m] 

11  15  0 
11  21  0 

11  26  0 
11  26  50 


II  33  0 

1st. 

3rd 
11  36  30  3rd 


11  33  10 

[?=B.ll*33m] 

11  35  0 


11  37  50 
11  41  50 
11  54  30 


1st. 
1st. 
1st. 


2nd 
2nd 

3rd 


1st.. 

[2nd 


4th 
2nd 
1st.. 


White 
White 


Train 


3rd  .. 
3rd  .. 
Jupiter  ... 


4th     

4th     

4th     

Jupiter  .. 


2nd 
3rd 


White 
White 


Train     .... 
With  train. 


White 
White 
Bed    .. 


White 
White 
White 
Bluish  white 


With  train.. 


White 
White 

White 


White 
White 
White 

White 
Bed    .. 

White 


Long  train. . 
With  train.. 


Short  train., 


Long  train.. 
Long  train.. 


Train. 


Train  lasted  7  sees. 


Train  lasted  2  seos. 


From  e  Pegasi  to  j8  Aquilss. 
Vertically  downwards  from 

g  Aquil®  to  Scutum  So- 

bieski. 
From  a  Lyr®  to  a  in  Ophi- 

uchus. 
Along  the  Milky  Way,  from|Train  lasted  3  sees. 

its  bifurcation. 
To  0  Equulei. 
From  y  Pegasi  towards  Ju- 
piter. 

Towards  P  Aauarii , 

Through  head  of  Aquarius, 

vertically. 
From  p  Aqnilff*  into  Sagit-  Passage  remark- 

tarius. 
From    near   Algenib     into  50°  in  length. 

Equuleus. 
Through  Milky  Way,  to  p 

Aquilffl. 
Near  y  and  8  Oaprioorni. 
From. a  Andromeda  to  near 

Jupiter. 
From   Pegasus,    into   Del- 

phinus. 
West  of  8  Aquil®. 
Through  a  Lyra  to  y  Lyra. 
Through  37  Cygni,  in  same 

direction, 
Through  the  square  of  Pe- 
gasus. 
FromOphiuchus,  downwards 

from  south  to  south-west 
From  y  and  o  Capricorni 

into  horizon 
Through     Delphinus     intofTrain  lasted  8  sees. 

south-east. 
From  a  to  /3  Aquarii 
Below  Delphinus  into  An- 

tinous.  i 

From  Oygnus  to  Lyra 
From  y  Ureas  Minoris  to  i\ 

Ureae  Majoris. 
Transversely  parallel  to  a 

and/3  Oygm. 
Through  y  Draconis,  towards 

ft  Iftrculis. 
Below  Ophiuchus  into  An- 

tares. 

From  p  Bootistoy  Herculis|Motion  slow   and 

reversed,  from  S. 

toN. 


From  5  Draconis  to  P  Dra- 
conis. 
Through  the  head  of  Draco, 

From  r\  of  Ursa  Major  to 
Acturus. 


Train  lasted  2  sees. 


Train  lasted  1  sec. 
Train  lasted  3  sees. 


Disappeared  below 

Pointers. 
Described  a  curve 

in  ite  course. 


2o2 
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Table  (continued). 


Time. 


August  10th. 
n  m   s 
0    8  30 

[=B.  12*  8»] 
0  14    0 


0  17  0 
022  35 
0  29  10 

0  45    0 

1  1  50 
1  5  50 
1  22    0 


Magni- 
tude. 
Jupiter  . 


4th 


Size. 


1st 

Jupiter  ... 
2nd    .. 


1st.. 
2nd 
2nd 
1st.. 


Colour. 


White 
White 

White 

Blue  .., 

White 

White 
White 
White 
White 


Train. 


From  r  Cassiopeia  to  J  Ursa  Train  lasted  3 

Majoris. 
From  £.  side  of  Equuleus  to 

Milky  Way. 


Long  train.. 


Slight  train. 
Slight  train. 


Path. 


A  double  meteor, 
followed  instantly 
by  another. 

From  ODraconisto  j3  Bootis  Train  lasted  2  sea 
(sky  now  cloudy). 
Tram  lasted  10  se- 
conds. 


From  a  Draoonis  to  /3  Bootis 


Vertical,  from  £  Aquita  into 

Scutum  SobieskL 
Below  a  Lyra  to  j3  Aquarii. 
In  south-west,  vertical. 
Through  little  Bear. 
From    a  Cyeni,    vertically 

into  a  cloud. 


Bemarksas  to 
Train. 


Observations  discontinued  in  consequence  of  cloud  and  extensive  ground- 
fog  supervening. 

The  observations  were  made  conjointly  with  Mr.  Symons ;  and  only  the 
larger  meteors  were  recorded. 

Charles  H.  Gbifftth. 

Stratfield  Turgis,  Winchfleld,  Hants. 
Lat  51°  20*  23"  N.,  Long.  0*  4»  10»  W. 


Preliminary  Report  on  Mineral  Veins  containing  Organic  Remains  in 
the  Carboniferous  Limestone.    By  Charles  Moore,  F.G.S. 

For  several  years  my  attention  has  been  directed  to  the  question  of  Mineral 
Veins — to  the  interesting  fact  that  in  many,  if  not  all  instances,  they  con- 
tain organic  remains,  by  a  study  of  which  it  is  possible  not  only  to  arrive  at 
the  probable  age  of  the  veins  in  their  several  districts,  but  also,  to  some  ex- 
tent, the  physical  conditions  associated  with  them  at  the  time  they  received 
their  contents. 

Thus  in  the  Somersetshire  and  South-Wales  districts,  where  the  mineral 
veins  occur  in  the  Carboniferous  Limestone,  I  have  already  shown  t  that  they 
are  not  older  than  the  age  of  the  Lower  lias.  In  the  case  of  the  Charter- 
house Lead-mine  this  is  especially  seen  to  be  the  case,  as  115  species  of 
organic  remains  of  liassic  age  were  obtained  from  the  bottom  of  this  mine, 
a  few  of  them  belonging  both  to  land  and  freshwater  genera,  associated,  as 
might  be  expected,  with  others  belonging  to  the  Carboniferous  Limestone 
itself,  within  the  fissures  of  which  the  later  material  had  been  deposited. 

*  Meteors  marked  thus,  B.,  are  regarded  as  identical  with  meteors  simultaneously 
observed  at  Birmingham.  See  above. 
1  Quart.  Journ.  Geol.  Soc.  1867,  voL  xxiii.  p.  492. 
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As  opportunity  offered  I  had  been  giving  an  examination  to  the  Carboni- 
rons-limestone  veins  of  the  North  of  England,  in  some  of  which  I  also 
tected  the  presence  of  a  freshwater  fauna. 

During  the  past  year  I  have  been  almost  daily  occupied  in  an  examination 
134  different  samples,  derived  from  the  lead-mines  of  Cumberland  and 
>rkshire. 

The  process  necessary  for  the  discovery  of  organic  remains  is  often  difficult, 
d  needs  much  perseverance,  a  single  sample  occasionally  requiring  several 
ys'  examination. 

The  samples  selected  are  from  the  less  mineralized  portions  of  the  veins, 
asisting  generally  of  the  "  Dowks "  or  clays.  They  have  therefore  to  be 
wolved  and  washed,  which,  from  the  intractable  nature  of  the  material,  is 
;en  a  difficult  operation ;  and  the  residue  is  then  examined. 
From  the  difficulty  involved  in  a  continued  examination  of  many  minute 
nanisms,  the  time  has  not  been  sufficient  to  enable  me  now  to  give  a  detailed 
iount  of  my  investigations,  which  I  propose  doing  on  another  occasion ; 
1 1  proceed  to  give  the  general  results. 

Out  of  the  134  samples  I  have  examined  during  the  past  year,  I  have 
ind  organic  remains  more  or  less  abundantly  in  not  less  than  eighty — a  fact 
ncient  to  show  that,  as  a  general  rule,  they  may  be  found  in  almost  every 
n,  if  a  careful  examination  be  given  to  its  contents. 
From  the  investigation  of  the  remains  I  have  obtained  from  the  Cumber- 
d  and  Yorkshire  veins,  it  is  difficult  at  present  to  arrive  at  any  precise 
iclusion  (as  in  the  case  of  the  Somersetshire  and  South-Wales  mines)  as 
when  the  veins  were  formed,  with  the  exception  perhaps  of  the  Fallow- 
d  Mine  in  the  Tyneside  district:  all  the  samples  of  "dowk"  from  this 
le  have  very  much  the  character  of  coal-shales ;  and  from  the  very  interest- 
fact  that  I  have  found  specimens  of  a  seed  (Fkmingites  gracilis,  Carr.) 
ich  belongs  to  the  Coal-measures  in  this  mine,  there  is  every  reason  for 
ng  the  infilling  of  this  vein  at  the  age  of  the  Coal-measures.  This  mine 
>  yields  Valvata  and  Byihinia,  freshwater  univalves,  and  a  bivalve  closely 
tted  to  Pisidium. 

Lmongst  the  organic  remains  the  chief  interest  will  attach  to  the  presence 
ralvata  and  other  freshwater  shells,  often  in  considerable  abundance  and  in 
ricts  wide  asunder,  showing  most  conclusively,  as  I  have  already  pointed 
on  the  Mendips,  a  connexion  between  the  North-of-England  mines  and 
ies  of  fresh  water,  which  must  have  found  their  way  into  the  veins  from 
e  neighbouring  land  area. 

>f  vertebrata  I  have  obtained  teeth  and  scales  of  Petahdus,  Ctenoptychius, 
aloraia  ?,  Sauricthys  ?,  Hybodus  ?,  Acrodus  ?  Brachiopoda  are  represented 
Zellania,  Thecidium,  Spirifer,  Rhynchonella,  Terebratvda,  and  Discina. 
braminifera  are  generally  very  rare,  and  in  many  veins  not  to  be  traced. 
;he  Keld-Head  mines,  however,  they  are  most  abundant,  especially  a 
nmuline-like  form.  Altogether,  I  have  obtained  five  or  six  genera,  in- 
ing  the  above  and  Nodosaria,  CrisUllaria,  Dentalina,  Rotalina,  and  also 
•like  bodies  like  single  cells  of  Nodosaria  or  Dentalina. 
ntomostraca  of  several  species  are  very  widespread,  and  are  probably  the 
:  constant  organisms,  if  Encrinital  stems  are  excepted,  which  are  very 
Tally  obtained. 
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Report  of  a  Committee,  consisting  of  General  Sir  Andrew  S.  Waugh, 
Sir  Arthur  Phayre,  General  G.  Balfour,  General  Sir  Vincent 
Eyre,  Captain  Sherard  Osborn,  Mr.  George  Campbell,  and  Dr. 
Thomas  Thomson,  appointed  for  the  purpose  of  waiting  on  the 
Secretary  of  State  for  India  to  represent  the  desirability  of  an  Ex- 
ploration being  made  of  the  district  between  the  Brahmaputra,  the 
Upper  Irawadi,  and  the  Yang-tse-Kiang,  with  a  view  to  a  route 
being  established  between  the  navigable  parts  of  these  rivers. 

At  the  Dundee  Meeting  of  the  British  Association  a  Committee  was  appointed 
to  represent  to  the  Secretary  of  State  for  India  the  great  importance  of  an 
exploration  of  the  country  between  India  and  China.  Little  or  nothing  has 
been  done  for  the  last  thirty  years  to  add  to  our  knowledge  of  that  quite 
unknown  region,  though  the  attention  of  Government  has  many  times  been 
earnestly  called  to  it  by  geographers  both  in  India  and  in  England. 

The  yearly' increasing  importance  of  the  British  Provinces  of  Assam  and 
Cachar  make  it  from  day  to  day  more  essential  to  their  prosperity  that  a 
communication  should,  if  possible,  be  opened  with  China.  There  are,  how- 
ever, two  special  reasons  why  the  Committee  are  desirous  of  pressing  this 
subject  at  the  present  time. 

1.  Since  the  establishment  of  a  French  colony  in  Cochin  China,  there  is 
reason  to  believe  that  an  exploratory  expedition  has  been  investigating  the 
upper  course  of  the  Menam.  As  this  course  is  within  Chinese  territory, 
there  is  no  reason  to  fear  any  collision  between  the  two  expeditions ;  and  it 
would  manifestly  be  to  the  advantage  of  both  that  they  should  meet. 

2.  It  has  come  confidentially  to  the  knowledge  of  the  Committee  that  an 
English  traveller,  well  qualified,  is  about  to  start  from  Shanghai  for  the  pur- 
pose of  exploring  the  upper  course  of  the  Yang-tse-Kiang,  and  of  attempt- 
ing to  reach  India.  Were  a  similar  attempt  made  from  the  Indian  side  at  the 
same  time,  his  chances  of  success  would  be  greatly  increased. 

The  provinces  of  China  which  are  contiguous  to  Eastern  Bengal  and  Bur- 
mah  are  Se  Chuen,  which  lies  on  the  upper  waters  of  the  great  river  Yang- 
tse-Kiang,  and  Yunan,  a  mountainous  province  south  of  Se  Chuen,  the 
western  parts  of  which  are  inhabited  by  barbarous  or  only  partially  civilized 
races.  The  road  connecting  Yunan  with  Ava  through  Bamo  is  pretty  well 
known ;  and  the  Committee  understand  that  it  is  now  being  carefully  ex- 
amined from  the  direction  of  Ava.  This  route,  however,  in  the  opinion  of 
the  Committee,  is  too  circuitous  to  suffice  for  the  wants  of  Assam,  for  which 
province  the  discovery  of  a  more  direct  route  is  most  important.  There  is 
every  reason  to  believe  that  the  discovery  of  such,  though  difficult,  is  far  from 
impossible. 

In  many  countries  this  exploration  might  be  left  to  private  enterprise ;  but 
there  are  strong  reasons  why  the  task  should  in  Eastern  India  be  under- 
taken by  Government,  which  alone  has  the  power  of  influencing  the  small 
savage  tributary  tribes  by  which  Assam  is  surrounded. 

Assam  is  traversed  in  its  whole  length  by  the  river  Brahmaputra,  which  is 
navigable  considerably  above  Sudiya.  The  great  river  Yang-tse-Kiang  is  be- 
lieved to  be  navigable  as  far  as  Likiang.  Now  the  distance  between  these  two 
places  in  a  direct  line  is  less  than  255  geographical  miles.  True  the  country 
is  known  to  be  very  mountainous,  and  to  be  traversed  by  large  rivers  running 
through  deep  gorges,  separated  by  high  snowy  mountain-chains.  These  moun- 
tains, however,  are  known  to  be  practicable,  as  the  high  road  from  Lassa,  the 
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ipital  of  Tibet,  to  China  crosses  them  all  just  under  the  meridian  of  30°,  and 
iters  the  water-system  of  the  Yang-tse-Kiang  at  Bathan.  This  route  is  in 
lily  use  throughout  the  summer,  but  is  closed  in  winter.  "We  may  gather  from 
le  narrative  of  Hue  that  some  of  the  passes  are  very  elevated,  and  that  the 
nintry  is  very  difficult  for  many  days'  journey.  There  is  this  further  ob- 
ction  to  it,  that  the  direct  road  from  Assam  to  Eastern  Tibet,  up  the  course 
!  the  Dihong,  is  closed  to  Europeans  by  savage  tribes,  who  have  hitherto 
solutely  opposed  the  transit  of  Europeans  through  their  country.  As  our 
fluence  over  these  tribes  increases,  it  may  be  hoped  that  it  will  be  possible  to 
iplore  this  route. 

The  great  eastern  branch  of  the  Brahmaputra,  the  Lohit,  runs  through  the 
ishmi  country,  a  rugged  region  of  steep  mountains  covered  with  dense 
rest.  The  Mishmis  are  dejure,  if  not  de  facto,  tributary  to  England.  The 
)per  course  of  this  stream  is  more  open  and  fertile,  and  inhabited  by  a  Tibetan 
ce,  tributary  to  Lassa.  From  this  province,  called  Dzain,  there  are  easy 
isses  (closed  during  winter)  N.  and  E.,  that  to  the  eastward  leading,  at  a  dis- 
nce  of  seven  laborious  days'  journey,  to  the  R.  C.  Mission  Station  of  Bonga, 
lieved  to  be  on  the  Salween,  from  which  unfortunately  the  missionaries  have 
cently  been  expelled.  From  Bonga,  according  to  these  missionaries,  there 
a  practicable  route  to  the  eastward. 

Further  south  there  is  a  well-known  route,  travelled  long  ago  by  Wilcox, 
:>m  Upper  Assam  to  the  upper  valley  of  the  Irawadi.  This  route  crosses  no 
nge  more  than  9000  feet  high,  and  can  therefore  present  no  serious  obstacle 
commerce.  It  is,  further,  in  the  direct  line  of  nearest  contact  between  the 
•ahmaputra  and  the  Yang-tse-Kiang.  The  distance  from  Sudiya  to  Mancha, 
which  place  "Wilcox  struck  the  Irawadi,  is  about  100  miles.  The  unknown 
irt  is  thus  reduced  to  155  miles.  There  is  no  doubt  that  this  country  is 
ountainous  and  partly  snowy  ;  but  snowy  passes  are  throughout  the  Hima- 
yas  no  obstacle  to  the  abundant  transit  of  goods. 

The  more  southerly  routes  from  Assam,  over  the  Patkaye  hills  and  through 
unnipore  into  the  valley  of  the  Irawadi,  cross  no  snowy  passes,  and  are 
^st  valuable  for  communication  with  Burmah ;  but,  as  already  said,  they 
e  too  circuitous  to  suffice  for  the  connexion  between  Assam  and  China. 
The  unknown  country  the  exploration  of  which  is  considered  essential  by 
e  Committee  is  coloured  brown  in  the  sketch  map  exhibited ;  a  large  part  of 
is  area  is  directly  under  the  control  of  the  Government  of  India,  so  that  its 
ploration  by  a  properly  equipped'  party  is  only  a  question  of  expense.  The 
pper  Irawadi  and  the  other  regions  dependent  on  Ava  are  also,  it  is  believed, 
sily  accessible  to  a  British  Mission.  Whether  the  obstinate  resistance  of 
b  Tibetans  to  the  entrance  of  Europeans  is  their  own  act  or  that  of  the  do- 
nant  race  can  only  be  known  by  results.  Even  if  no  more  can  be  done,  the 
portance  of  the  thorough  investigation  of  our  own  and  the  Burmese  pro- 
ices  cannot  be  exaggerated.  It  is  only  after  accurate  mapping  of  the  country, 
d  exact  determination  of  the  height  and  steepness  of  the  mountain -chains, 
it  the  best  route  can  be  chosen.  The  gain  to  geographical  and  natural 
ence  would  of  itself  repay  all  the  cost.  There  is,  further,  much  reason  to 
pe  that  the  gain  to  commercial  interests  would  be  great ;  and  should  this 
t  be  the  case,  the  urgency  of  the  demand  for  this  exploration  by  those  in- 
•ests  is  a  good  reason  for  setting  the  question  at  rest  one  way  or  another. 
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Report  of  the  Rainfall  Committee  for  the  year  1867-68,  consisting 
of  J.  Glaisher,  F.R.S.,  Prof.  Phillips,  F.R.S.,  J.  F.  Bateman, 
F.R.S.,  R.  W.  Mylne,  FRS.,  C.  Brooke,  F.R.S.,  T.  Hawkslry, 
C.E.,  and  G.  J.  Symons,  Secretary. 

Adopting  the  same  arrangement  as  in  former  Reports,  we  have  first  to  record 
steady  progress  with  the  extraction  and  classification  of  published  and  un- 
published records,  and  in  the  examination  of  rain-gauges. 

The  records  of  the  inclined-  and  tipping-funnelled  gauges,  described  in  the 
Report  for  1866,  and  erected  at  Rotherham  under  tie  superintendence  and 
at  the  cost  of  Mr.  Chrimes,  have  been  discussed  with  some  care.  One  of  the 
principal  results  is  the  determination  of  the  true  angle  at  which  rain  fell  during 
certain  months,  and  the  effect  thereof  upon  the  indications  of  the  gauges. 

The  following  Table  shows  at  a  glance  the  principal  results : — 


Month. 


Recorded  Fall. 


Hot. 


«*• 


45°         W 


WJ°  46°  «74°  oo< 


Percentofhori- 
■onUL 


n 

V 

a 


"Z»4 


*4 

I* 


ft 

u 


GX.*o 

ill 

fe-o 


Jan. 

Feb. 

March 

April 

May.. 

June 

July.. 

Aug... 

Sep.... 

Oct... 

Not... 

Deo... 


miles. 


r688 
1643 
1-464 
2*241 
1-928 
2184 
3-171 
1-968 
1969 
-691 
1*353 


2*250 
3-050 

3-057 
2866 
2-263 
2497 

3'3H 
2-057 
2314 
•817 
2*241 


2514 

4*012 
3286 

**947 
2*225 
2441 
3*031 
1-908 
2-254 
'829 
2-664 


2-408 
5-160 
2*842 
2-676 
1790 
1-920 
2 '004 
1*223 
1 '808 
•697 
3*027 


1-767 
440c 
2178 
1 '880 
1093 
1133 
1*007 
•818 
1*136 

•441 

2-370 


133  149 
186245 

I2V34 
128,132 

118,116 

114112 

105J  96 
105;  97 
18  114 
118  120 
166  197 


143 
3M 
"5 
119 

93 
88 

63 
62 
92 

10 

224 


4,6  19 

69  33 
41  28 
84  4.0  00 
5629  33 
5227  25 
17  29 
4222  34 
5829  59, 
64  32  33 
17560  17 


268 
88 


45 
67* 
45 
45 

axir 

22k 
22|> 
22i 

22V 

45 
67* 


174 
193 
211 
166 
"5 
97 
84 
106 
105 

164 


i*i 

3-2 
*7 
7 
•8 
•6 
•2 
•2 
*8 

.1 


Totals  21*300 


26*726 


28'!  1 3 


25-555  18-228 


40  37 


which  may  be  thus  briefly  enumerated. 

1.  There  is  no  month  in  the  year  in  which  a  gauge  whose  mouth  is  hori- 
zontal collects  so  much  as  one  which  is  inclined  and  kept  face  to  wind  by  a 
vane. 

2.  In  summer,  rain  falls  nearly  vertical,  the  average  angle  therewith 
being  about  20°,  in  spring  and  autumn  about  45°,  and  in  winter  more 
than  60°. 

3.  The  ratio  of  the  fall  on  the  ground  to  that  at  25  ft.  above  it  bears  a 
nearly  constant  relation  to  the  angle  of  fall ;  for  instance,  in  two  months, 
when  rain  fell  at  a  mean  angle  of  65°  from  the  vertical,  the  25 -feet  gauge 
collected  25  per  cent,  less  than  that  on  the  ground ;  and,  on  the  other  hand, 
in  two  months  when  the  mean  angle  was  20°,  the  upper  and  lower  gauges 
only  differed  by  5  per  cent. 

4.  The  relation  of  these  results  to  their  cause-wind  is  shown  in  the  an- 
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nexed  diagram ;  and  the  accordance  would  doubtless  have  been  still  more 
striking  had  the  velocity  during  the  time  of  rain  been  recorded  instead  of  the 
total  motion  in  24  hours. 

Fig.  1. 


5.  The  necessity  of  all  observers  keeping  the  top  of  their  gauges  strictly 
level  is  brought  out  very  clearly  by  these  Tables ;  they  show  that  in  summer 
a  tilt  of  even  1°  will  cause  a  difference  of  0-2  per  cent,  in  the  amount  col- 
lected, and  in  winter  of  2  or  3  per  cent.  It  is  not  infrequent  to  find  gauges 
2°  or  3°  from  level,  which  would  give  a  total  error  of  5  per  cent,  if  they 
were  always  inclined  towards  the  wind ;  but  as  the  errors  are  never  inten- 
tional, it  is  probable  they  neutralize  one  another ;  but  it  would  be  far  better 
for  observers  to  be  careful  to  keep  the  orifices  level,  and  so  avoid  the  error 
altogether. 

"We  mentioned  last  year  that  Professor  Phillips  had  promised  to  examine 
these  records ;  this  he  has  not  been  able  to  complete,  but  he  hopes  to  do  so 
during  the  coming  year. 

The  gauges  constructed  for  Colonel  "Ward  of  Calne,  in  the  year  1863,  for 
the  purpose  of  determining  (1)  the  ratio  of  decrease  of  rainfall  with  eleva- 
tion above  the  ground,  and  (2)  .the  relative  amount  collected  by  gauges  of 
different  sizes  and  forms,  and  observed  by  him  during  the  years  1863-1867 
have,  in  consequence  of  his  ill  health  and  removal  from  Calne,  been  moved 
during  the  past  year  to  the  Rectory  grounds,  Stratfield  Turgis,  Winchfield, 
Hants,  where  they  have  been  placed  under  the  care  of  the  Rev.  C.  H.  Griffith, 
an  experienced  and  very  accurate  observer. 

The  Rectory  is  at  a  height  of  200  feet  above  the  mean  sea-level,  in  lat.  51° 
20'  23"  N.,  and  long.  0h  4m  10"  W. ;  a  space  of  32  acres,  with  no  tree  more 
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than  10  feet  high,  and  very  few  more  than  6  feet,  surrounds  the  house.  The 
whole  of  the  grounds  are  perfectly  level,  as  is  also  the  surrounding  land  for 
nearly  half  a  mile  in  all  directions.     The  following  ground-plan  shows  the 


Fig.  2.  Plan  of  Grounds  of  Stratfield  Turgis  Rectory. 


BXJLAJBUTKUU 


A.  Crallan's  ground-gauge. 

B.  Material-series  of  ,gauges. . 

c  c'.  8-in.  monthly  and  daily  gauges. 

D.  Thermometer-stand. 

E.  5-in.  gauge  3  ft  higlw 

F.  Robinson's  anemometer. 

G.  8-in.  and  5-in.  gauges  20  ft.  high. 


H.  Intermediate  8-in.  gauge. 
I.  8-in.  bracket  gauge  §9  ft  high. 
J.  8-in.  roof-centre  gauge  29  ft.  high. 
K.  8-in.  barn  gauge  16  ft  high. 
L.  8-in,  bam  gauge  23  ft  high. 
M.  8-in.  barn  gauge  11  ft  high. 
N.  Magnitude-series  of  gauges. 


positions  of  the  various  instruments.  It  may  he  well  to  explain  that  in 
December,  1867,  Mr.  Symons  transferred  to  Mr.  Griffith  a  series  of  fourteen 
gauges  which  had  been  constructed  with  a  view  to  testing  several  questions 
as  to  the  best  material  for  the  funnels  of  rain-gauges,  the  loss  from  evapo- 
ration under  various  conditions,  the  influence  of  the  angle  of  the  rim  of  the 
gauge,  and  some  other  points.  On  notice  of  Colonel  Ward's  intended  re- 
moval being  received,  the  extent  to  which  the  objects  originally  contemplated 
had  been  attained  was  considered.  It  was  thought  that  the  four  years'  ob- 
servations at  Calne,  corroborated  as  they  were  by  two  years  at  Castleton 
Moor,  and  current  observations  at  Rotherham  had  sufficiently  indicated  the 
law  of  decrease  of  rain,  out  of  the  influence  of  buildings ;  it  was  therefore 
resolved  that  three  only  of  the  elevation  gauges  should  be  remounted  in 
their  old  form,  and  that  the  rest  of  them  should  be  placed  on  the  roof  of  the 
Rectory  and  outbuildings,  in  such  positions  as  to  give  some  indication  of  the 
influence  of,  and  amount  of  error  due  to,  various  positions  of  roof  gauges. 

Professor  Phillips,  F.R.S.,  and  Mr.  Symons  have  both,  independently,  been 
investigating  the  relation  between  height  above  sea-level  and  amount  of  rain- 
fall as  indicated  by  both  new  and  old  stations  in  the  Cumberland  district. 
Professor  Phillips's  paper  appeared  in  the  Proceedings  of  the  Ashmolean  So- 
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ciety,  and  seems  to  us  of  such  importance  that  we  have  transferred  it  to  the 
Appendix  to  this  Report.  Professor  Phillips  found  that  in  the  Scawfell  group 
the  maximum  fall  was  at  an  altitude  of  1463  feet;  Mr.  Symons*,  by  an 
entirely  different  method,  had  determined  that  the  maximum  was  at  an  alti- 
tude of  1000  to  1500  feet ;  the  two  methods,  therefore,  have  led  to  some- 
what similar  results. 

The  examination  of  rain-gauges  has  been  continued  as  opportunity  offered, 
and  on  exactly  the  same  plan  as  previously,  except  that  a  small  instrument 
termed  an  "  altameter  "  has  been  designed  by  Mr.  Symons  for  his  own  use 
in  determining  the  angle  of  elevation  of  trees,  buildings,  &c.  above  rain- 
gauges,  and  therefrom  the  suitability  of  the  position  in  which  the  gauge  may 
have  been  placed.     "  It  consists  of  a  brass  tube  6  inches  long  Fig.  3. 

and  three-quarters  of  an  inch  in  diameter ;  near  the  top  are 
double  gimbals  (c),  by  the  outermost  of  which  the  instrument 
is  suspended  between  the  fingers,  when,  of  course,  the  body 
assumes  a  truly  vertical  position.  At  the  lower  end  is  a 
small  mirror  (d),  turning  on  a  horizontal  axle,  whereof  one 
end  is  prolonged  at  e,  and  carries  a  pointer  on  the  graduated 
arc  (a  b).  If  the  mirror  is  (as  represented)  at  an  angle  of  45°, 
objects  level  with  the  mirror  will  be  seen  in  its  middle,  by 
looking  through  the  small  eye-hole  at  the  top ;  but  if  objects 
are  above  its  level,  the  mirror  must  be  turned  by  the  axle 
(e)  into  a  more  horizontal  position ;  and  when  the  objects  are 
seen  crossing  the  centre  of  the  mirror,  the  index  will  be  found 
as  many  degrees  towards  a  as  the  objects  are  above  the  instru- 
ment." 

In  our  last  Report  to  this  Association,  attention  was  drawn 
briefly  to  the  variations  in  the  proportion  of  the  mean  an- 
nual rainfall  which  is  measured  in  the   different  calendar 
months ;  and  a  Table  was  given,  from  which  it  appeared  that, 
at  stations  south  of  the  Tweed,  the  principal  part  of  the 
rainfall  occurs  in  summer  where  the  total  fall  is  small,  and 
in  winter  where  it  is  large.     But  the  data  used  in  preparing  that  Table  ex- 
tended over  a  period  of  only  ten  years ;  a  hope  was  therefore  expressed  that 
during  the  ensuing  year  a  full  investigation  might  be  made,  and  some  further 
light  thrown  on  the  subject. 

This  has  now  to  some  extent  been  done— though,  as  in  all  meteorological 
investigations,  the  further  search  has  discovered  fresh  difficulties  and  com- 
plications, many  of  which  must  stand  over  for  future  discussion.  The  follow- 
ing, however,  is  a  brief  account  of  the  steps  which  have  been  taken,  and  the 
results  attained  since  the  last  Report. 

The  mean  annual  and  monthly  rainfall  for  all  available  stations  in  each 
decennial  period  since  the  year  1730  were  first  calculated  and  tabulated,  the 
stations  being  arranged  alphabetically  for  easy  reference ;  this  involved  the 
extraction  of  nearly  40,000  monthly  readings.  From  these  figures  the  values 
for  monthly  percentage  of  the  annual  fall  were  calculated  t  and  tabulated  in 
a  similar  manner,  together  with  the  actual  mean  annual  fall  for  each  station 
during  each  decennial  period. 

As  the  Table  given  last  year  seemed  to  show  that  the  time  of  the 
maximum  monthly  fall  varies  with  the  total  amount  registered  in  the  year, 

*  British  Bainfall,  1867. 

t  By  F.  Gaster,  Esq.,  F.M.S.,  who  has  also  drawn  up  the  following  abstract  of  the  re- 
sults he  has  obtained. 
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and  since,  as  a  rule,  the  greatest  quantity  of  rain  falls  at  our  western  stations, 
and  the  least  at  the  more  eastern  ones,  it  seemed  probable  that  the  peculi- 
arity of  a  maximum  fall  in  winter  might  be  general  in  the  west  and  a  max- 
imum in  summer  in  the  east.  With  a  view  to  the  determination  of  this 
question,  the  whole  of  the  stations  were  grouped  in  their  respective  counties, 
and  these  were  arranged  in  districts.  The  districts  chosen  were  the  follow- 
ing:— 

Countries.  Districts. 

England  and  Wales 3 :  Western,  Central,  and  Eastern. 

Scotland 2 :  Western  and  Eastern. 

Ireland  Not  divided,  returns  too  few. 

In  cases  where  one  county  has  properly  formed  part  of  two  districts  it  has 
been  divided,  and  the  stations  distinguished  by  being  arranged  in  the  portion 
to  which  they  belong.     Thus  Yorkshire  is  divided  into  east  and  west  Torks. 

It  is  impossible  to  give  here  all  the  Tables  which  have  been  prepared,  as 
they  occupy  far  too  large  a  space ;  but  the  following  list  of  stations  in  Lanca- 
shire (1850-59)  abundantly  proves  that  the  supposed  law  of  westerly  maxi- 
mum in  winter  and  easterly  in  summer  does  not  actually  exist. 

Table  I. — Monthly  Percentage  of  Annual  Rainfall,  Lancashire,  1850-59. 


Name  of  Station. 


Belmont 

Bolton     

Coniston 

Fishwiok 

Holker 

Ho  wick,  Preston . . 
Lirerpool  Obsenr7 

Preston,  1ft. 

Ditto,   63ft.  .... 

Bufford    

Stonyhurst 

Wray  Castle    


Mean 

Annual 

Rainfall 
in  the 
period. 


m. 

51-190 

44*006 

71-400 

29*103 

39167 

34279 

44-339 
31601 
28*932 

33*137 
45368 
60*807 


Monthly  percentage  of  Annual  Fall 


9*4 
93 

13*2 
90 

107 
93 
7'i 
9*2 
8*6 
8*7 
9*3 

139 


77 
8'3 

6*i 

7*4 
69 

5*o 
6*5 

5*9 
60 

8-4 
9'1 


61 

6*2 

5*3 
58 
5* 
5'6 
5*5 
53 
53 
57 
5*8 


3 

5*5 
5*0 
60 
5*6 
61 

5*5 
5*3 
55 
5*6 
5*5 


a 


49 

5*' 
4*i 
57 
4*4 

8 

5* 
55 
5*3 
4'5 
4*3 


81 
86 
6-6 
89 
8*8 
89 

IO'l 

9*1 
9*4 
9'" 

11 


8*8 
91 

67 

11*2 

9*4 
io*6 
ii*8 
10*9 
ii'i 

11*2 

93 
74 


ii'i 
98 
9*4 

Il'O 

105 
ii'i 
117 
1 1-8 
1 1*6 
114 


104  9*1 


91 


8'3 
8*5 
7*3 
93 
84 
96 

93 
9*4 
95 
89 


70 


10*3 
103 

99 
10*9 


9*5 
115 
10*2 


u*3 
io*8 

IO'l 


9* 
9*5 
91 
80 


10 *^  84 

8*2 

89 
81 

10*4]  8*0 
8-7 
79 
8-7 


IO'X 

9'8 
ii-8 
8*6 
98 
9*7 
6*8 
8*6 

8'3 
8*6 

12*6 


The  values  in  the  above  columns  represent  the  percentage  of  the  mean 
annual  fall  which  was  registered  in  each  month.  The  quotation  only  fairly 
typifies  what  is  found  in  all  counties  where  the  annual  rainfall  varies  con- 
siderably. It  will  be  seen  we  have  in  this  one  western  county  some  stations 
with  their  maximum  in  the  summer,  others  with  theirs  in  the  winter,  and 
others  with  theirs  in  the  autumn — and  this  during  precisely  the  same  period 
of  time. 

It  was  therefore  deemed  advisable  to  return  to  the  original  plan  of  grouping 
the  stations  according  to  the  amount  of  their  annual  fall,  for  each  5  in.  of 
depth — but  with  this  distinction,  that  a  separate  set  of  Tables  was  prepared 
for  each  of  the  districts  into  which  we  have  hypothetically  divided  the 
Kingdom. 

For  dates  before  the  year  1830,  the  number  of  returns  available  is  too 
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nail*  to  give  very  reliable  values;  so  that  only  the  records  for  the  periods 
nee  that  date  were  made  use  of.  The  following  Tables  contain  the  results 
f  this  grouping  for  each  decennial  period.  The  first  column  gives  the 
miting  amounts  for  the  groups  ;  the  second,  the  name  of  the  district ;  the 
aird,  the  number  of  stations  represented  in  that  district,  from  which  the 
lean  percentage  values  (which  follow  in  the  other  columns)  have  been  ob- 
ained.  It  has  been  thought  better  also  to  bring  together  the  groups  of  equal 
alue  in  each  district  for  the  sake  of  intercomparing  the  results. 

Table  II. — England  and  Wales. 

Monthly  percentage  of  Annual  Rainfall. 

dan  Values.    Stations  arranged  in  5-in.  groups  according  to  their  annual  fall.) 


£ 

§ 

s3 

II 

0 

Monthly  percentage  of  Annual  FalL 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Deo. 

in 

Dec 

ENHI 

A  L 

Per 

I  0  D 

183 

0-59. 

f 

W. 

0. 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

-20  \ 

c. 

0. 

... 

.  . 

... 

... 

... 

... 

... 

... 

... 

... 

... 

I 

E. 

*i. 

5*5 

64 

46 

6-8 

7'i 

ii'i 

10*6 

98 

114 

10*3 

99 

6-5 

f 

W. 

1. 

7'» 

6-5 

62 

5-2 

6-6 

II"0 

ZI'2 

?, 

8-8 

9'5 

IO'O 

81 

)-%$< 

C. 

2. 

5#» 

75 

6-4 

69 

6-6 

9*9 

IO7 

115 

9*4 

10-5 

67 

I 

E. 

7. 

6'5 

7'9 

6j 

6-8 

6*4 

lO'l 

87 

9'5 

104 

IO'2 

9*8 

7*4 

f 

W. 

2. 

7*o 

80 

64 

6*o 

47 

IOa2 

8l 

77 

8'5 

lO'l 

136 

97 

5-3°  1 

C. 

O. 

... 

... 

... 

... 

... 

... 

... 

... 

1 

E. 

3- 

6-9 

8l 

6-6 

6-4 

57 

IO'5 

97 

9*5 

9#i 

9'i 

10-5 

7*9 

f 

W. 

6. 

67 

7'8 

7'1 

58 

47 

97 

9'» 

82 

88 

99 

I2'8 

9*4 

0-35  \ 

C. 
E. 

0. 
0. 

... 

... 

... 

... 

... 

... 

::: 

... 

... 

f 

W. 

2. 

61 

7*3 

7*3 

57 

4'3 

9*9 

XO'I 

87 

94 

97 

119 

9-6 

15-4*  \ 

C. 
E. 

0. 
0. 

... 

... 

... 

... 

... 

... 

::: 

... 

... 

10-45 

W. 

z. 

70 

8-o 

7* 

5'8 

4*4 

8-8 

8*9 

87 

9"* 

9*5 

125 

94 

55-60 
f 

W. 
W. 

X. 

0. 

7*2 

Die 

9*4 

1KNI 

81 

A  L 

4'5 
Per 

2-9 

I  0  D 

8-2 
184 

95 
0-49. 

81 

9'5 

IO'2 

115 

io*9 

15-ooj 

C. 
E. 

0. 

X. 

6V6 

4V8 

5*1 

6-6 

10'5 

90 

97 

lO'O 

9*5 

13*6 

7V8 

6V8 

f 

W. 

2. 

82 

7'i 

57 

7-0 

7** 

8-8 

'"$ 

lO'O 

8-3 

III 

IO*I 

6.9 

20-25 

C. 

I. 

7-2 

7*o 

5'5 

6*3 

8'4 

8*2 

7*8 

9-9 

1 1 '2 

II'9 

99 

67 

1 

E. 

8. 

7*o 

6-2 

5*9 

67 

90 

7*5 

9-6 

lO'O 

9-2 

12*7 

9*4 

6-2 

| 

W. 

3- 

82 

66 

61 

62 

7*4 

77 

8-6 

9-8 

9*1 

1 1'4 

1 1*2 

7'3 

25-30 < 

C. 

4- 

80 

7*4 

62 

6-6 

7*6 

77 

77 

IO'O 

9-6 

117 

io*4 

7-1 

I 

I     E. 

7- 

7'8 

6-8 

6-o 

6-i 

80 

7'8 

97 

9*9 

8'9 

12-4 

99 

67 

*  A  large  number  of  registers  are  useless  in  the  present  investigation,  because  they  do 
not  contain  complete  records  during  either  of  the  decennial  periods.  Thus  a  register  from 
1832  to  1847,  although  containing  sixteen  years'  observations,  must  be  put  on  one  side, 
since  neither  of  the  periods  1830-39  or  18«M9  is  fully  represented. 
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Table  II.  {continued). 


Si 
II 

<*4        * 

Monthly  percentage  of  Annual  Fall. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

30-35 

W. 
C. 
E. 

4- 
0. 
1. 

94 
95 

7*o 
8V3 

6-6 

57 

67 
5*4 

69 
6*8 

7'3 
57 

8'5 
7-1 

87 
95 

88 
9*4 

II'O 

124 

ii'3 

12*1 

7'8 

i"i 

35-40 1 

W. 
C. 
E. 

1. 
0. 
1. 

8-9 

IO'O 

6-8 
82 

6*6 
55 

60 
5*6 

67 
67 

76 
5*9 

90 
7*4 

9*5 
95 

8'5 
8*5 

115 
119 

III 
13*4 

77 

7*4 

40-^.5 

W. 

6. 

9*7 

7*5 

7-0 

62 

62 

6-8 

8-i 

86 

8*3 

107 

u-6 

9*3 

45-50 

W. 

1. 

9-6 

6-6 

6-o 

5*o 

61 

7'4 

io*6 

X0-4 

8-6 

ii'3 

IO'O 

8'4 

50-55 

W. 

2. 

98 

73 

7*3 

5*4 

5*» 

7*3 

9'1 

8*5 

7'4 

119 

115 

93 

55-60 

W. 

X. 

97 

8-5 

6'5 

6-o 

64 

67 

7» 

7'8 

8-i 

io#6 

*3*9 

87 

70-75 

W. 

,* 

io-6 
Dbc 

7-6 

EN  NI 

7'4 

A  L 

5*o 
Per 

49 

I  0  D 

6-3 
186 

8'4 
0-59. 

8-6 

6-6 

128 

I2'0 

9"8 

1 5-10 1 

W. 
C. 
E. 

0. 
1. 
4- 

77 
77 

4*5 

47 

4V8 
53 

7*o 
69 

62 
7*4 

ii*i 

87 

I2'3 

13*2 
1 1-8 

8-6 
93 

ii"i 

107 

8*3 
8*9 

57 
6'3 

20-15  \ 

W. 
C. 
E. 

8. 

9- 
12. 

7'9 
8'5 
7*9 

5'5 
4'4 
4*8 

57 
5'° 
51 

7* 
7-0 
7-i 

7*o 
7*8 
85 

I0'2 

io'6 
117 

12*1 

io*5 
io-6 
10*4 

9* 
90 

90 

ii'i 
119 
123 

85 
8'3 
8-6 

67 
6'4 
60 

15-30 1 

W. 

C. 
E. 

11. 

7- 
12. 

Vs 

«7 

5*4 
45 
48 

5*5 
5*3 
5*3 

69 
76 
7-0 

7-2 
80 
7*5 

9'° 
8-6 

7'3 

9-6 

II'O 

9'8 
9-6 

84 
9*o 
9*5 

117 
133 

127 

!'5 
8'5 

9*5 

8-6 
73 
7'» 

30-35 1 

W. 
C. 

E. 

9- 
0. 
2. 

9*3 

97 

61 

42 

57 
5*5 

7*a 
69 

63 
76 

8'4 
7-6 

87 
87 

9*4 
81 

87 

IO'O 

117 
149 

93 
8'9 

92 
7*9 

35-40 1 

W. 
C. 
E. 

5- 
0. 
1. 

104 

97 

6-9 
4*5 

6-6 
6-8 

7*0 
6*7 

5*8 
70 

8'5 
7V8 

81 
9*4 

90 
7V8 

79 

IO'I 

ii'3 
H*3 

90 
82 

9'5 
77 

40-45 

W. 

4- 

ii-4 

7*4 

6'5 

69 

5'8 

77 

77 

86 

7-6 

10*9 

92 

10*3 

45-50 

w. 

2. 

9*3 

77 

5*3 

5'6 

4*8 

94 

9'4 

10*9 

87 

10*9 

8-8 

9* 

50-55 

w. 

2. 

107 

7*1 

64 

7'3 

5'8 

77 

77, 

9* 

80 

io*6 

9*3 

IO'I 

55-60 

w. 

1. 

13-9 

7'8 

57 

4*9 

4*8 

7#o 

77 

81 

84 

107 

8*5 

115 

60-65 

w. 

1. 

139 

9*1 

5*8 

5*5 

4*3 

64 

7*4 

9'i 

7'o 

IO'2 

87 

12*6 

65-70 

w. 

0. 

... 

... 

... 

... 

... 

... 

... 

... 

... 

70-75 

w. 

2. 

141 

96 

60 

5*5 

4*o 

64 

6-8 

9'° 

7-2 

9-8 

89 

127 

125-130 

w. 

1. 

.3-6 

96 

6'4 

6-o 

4*5 

6-8 

7-2 

8*5 

7-2 

IO'I 

81 

1 1-9 

*  This  gauge  is  60  ft.  above  the  ground. 
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Table  II  a. — Scotland.    Monthly  percentage  of  Annual  Rainfall 
Values.     Stations  arranged  in  5-in.  groups  according  to  their  annual  fall.) 


n 

*** 

J.J 

Monthly  percentage  of  Annaal  Fall. 

11 

11 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Not. 

Dec 

in.  in. 

Die 

BNNI 

A  L 

Pee 

IOD 

183 

<W9. 

15-20 1 

W. 

E. 

0. 
1. 

4V6 

4*5 

6*6 

69 

57 

8*3 

8*9 

9*5 

12*9 

113 

I2'0 

8;8 

io-25| 

W. 
E. 

0. 
1. 

6-0 

6'2 

64 

59 

57 

in 

io*6 

n-4 

u-9 

82 

88 

7*8 

25-30 1 

W. 
E. 

0. 
5- 

7-2 

7*i 

7'9 

5*9 

49 

i'-o 

90 

9* 

io*8 

9*9 

107 

95 

30-35 

W. 

2. 

7*i 

82 

81 

54 

40 

6-8 

7'8 

8-6 

io-8 

10*4 

125 

103 

35-40 

W. 

2. 

6-6 

6-8 

7*7 

48 

48 

7*9 

96 

81 

9*9 

107 

12-5 

116 

50-55 

w. 

1. 

7*1 
Die 

85 

BNHI 

90 

AL 

5* 
Pee 

5*i 

I  0  D 

64 

184 

80 
(M9. 

77 

IO*2 

10-3 

108 

117 

20-25  | 

w. 

E. 

1. 
6. 

104 
7*5 

Ti 

60 

5*6 

4'8 
5o 

5'4 
7*5 

9-6 

91 
10*9 

117 
10*3 

I'5 
80 

124 
123 

II'2 

96 

7'5 
67 

25-30 1 

W. 

E. 

0. 
6. 

97 

7*3 

6-t 

5'o 

6-'i 

77 

8*6 

9'5 

7*8 

1 2-8 

105 

8-9 

30-35  { 

W. 
E 

4- 
2. 

98 
92 

7'4 
7* 

6-9 
63 

5'6 
4*5 

54 
69 

76 
8-9 

io*6 

9*3 
97 

7'5 
67 

115 
1  i*i 

10-9 
io*6 

8-6 

77 

15-40  { 

W. 
E. 

2. 
1. 

""2 

7*5 
9'3 

6-8 

67 

5*o 
4'8 

5'i 
61 

6-6 
8-3 

8'4 
10*3 

8-8 
9*4 

6-9 
62 

12*2 

I07 

117 
10*2 

n 

40-45  { 

W. 
E.  . 

1. 
2. 

u-6 

lO'O 

81 
8.9 

6-8 
7*1 

5' 
48 

55 
60 

7-2 

8*2 

96 
9*8 

81 
9*5 

7*8 
6*5 

IO7 

io*4 

n-4 

107 

81 

8-i 

45-50  { 

W. 
E. 

0. 

IO-2 

Dec 

7*3 

EH  HI 

69 

AL 

5*8 
Per 

59 

I  0  D 

7*5 
185 

IO*2 

0-69. 

9*i 

82 

io*6 

io#9 

7*4 

15-20 j 

W. 

E. 

0. 
3- 

8'4 

5*4 

54 

7*1 

5*5 

82 

9-2 

10*9 

8*'6 

n*8 

9'9 

96 

20-25  -J 

W. 

E. 

1. 
10. 

10*9 
9*9 

82 
*4 

62 
5  5 

It 

4-8 
54 

90 
8-6 

9*4 
9'4 

7*3 
93 

5*1 
81 

10*8 
1 1-4 

9'4 
9*5 

115 

97 

25-30  | 

W. 

E. 

*i. 

7- 

114 

107 

7*8 
6-8 

5*7 
62 

S3 
6-3 

63 
55 

9*4 
87 

IO'I 

9* 

92 
9-6 

8-i 

7*3 

lO'l 

io'9 

64 
91 

8-o 
98 

30-35  { 

W. 
E. 

3- 
5- 

II'O 

10*9 

83 
6-6 

67 
71 

a 

4-6 
62 

67 
8'3 

8*9 
8-2 

8-5 
86 

81 
8*3 

10*3 

IO'2 

9*4 
9*9 

n-6 
89 

35-4o  { 

W. 

E. 

4- 
4- 

in 

12*2 

7-6 

6-6 
65 

5*5 
57 

4*9 
5'o 

80 
7'4 

9-2 
8-o 

8'4 
87 

7*5 
73 

io*9 
n-3 

8*9 
9*i 

n-4 

II'O 

4o-45  { 

E. 

2. 
*i. 

II'O 
IO*2 

8*2 

8-o 

6-3 
5'o 

7'8 
4*8 

5*5 
62 

8'5 
88 

82 

11*2 

9*5 
io-6 

6*5 

73 

95 

IO*I 

8-6 
63 

10*4 
115 

45-5o 

W. 

2. 

10-5 

8-6 

6-9 

6-8 

57 

8*5 

85 

92 

6-6 

9*9 

77 

ii*i 

5o-55 

W. 

1. 

117 

79 

64 

57 

5*4 

6'5 

9-2 

87 

7*3 

10-4 

82 

126 

65-70 

w. 

1. 

130 

92 

6'9 

64 

5'ok 

6-6 

74 

7'8 

67 

IO*I 

77 

13-2 

70-75 

w. 

1. 

14-4 

9*3 

6-6 

49 

4*o 

5*4 

69 

61 

8-o 

igttizetf 

IO'I 

by  vj 

9*5 

BOS 

14-8 

*  The  returns  from  these  stations  seem  very  singular ! 
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Table  II  b. — Ireland. 
Monthly  percentage  of  Annual  Rainfall. 
(Mean  Values.    Stations  arranged  in  5-in.  groups  according  to  their  annual  fall.) 
[Returns  before  1840  too  few  for  use  in  this  manner.] 


il 

if 

*<3 

Monthly  percentage  of  Annual  Eall. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Not. 

Deo. 

Dec 

IKKI 

A  L 

Per 

I   O  D 

184 

0-49. 

20-15 

* 

1. 

77 

62 

5* 

69 

8*2 

7'* 

8-6 

11*2 

8-i 

12*3 

IO'I 

77 

25-30 

... 

2. 

92 

6-8 

64 

6-9 

74 

6-8 

9*' 

96 

77 

ii'i 

10*9 

8-i 

30-35 

... 

I. 

IO'I 

77 

7*3 

62 

62 

8*2 

90 

81 

7*4 

10-5 

104 

8-9 

35-40 

I. 

9*4 
Dec 

7*4 

ENNI 

5'6 

A  L 

7*o 
Per 

5*9 

I  O  D 

7'* 
185 

94 
0-59. 

98 

77 

124 

97 

8*6 

ao-25 

... 

2. 

9*3 

5*5 

6'2 

7*9 

8l 

io'3 

90 

»'4 

80 

96 

97 

80 

25-30 

... 

2. 

9-8 

5*3 

60 

8-8 

8'o 

98 

96 

77 

7*9 

9-6 

87 

%% 

30-35 

2. 

1 1-5 

80 

67 

81 

60 

77 

*5 

92 

7-2 

8'5 

8'4 

10*2 

35-40 

... 

3- 

11*2 

69 

68 

7*5 

6'3 

84 

82 

89 

7*4 

9-2 

8-6 

io-6 

*  The  number  < 
attempted. 


f  stations  in  Ireland  is  so  small,  that  their  arrangement  into  districts  has  not  been 


England  and  Wales. — During  the  first  two  of  these  decennial  periods 
(Table  II.)  the  returns  are  not  very  numerous ;  so  that  the  effect  of  this 
grouping  is  scarcely  so  manifest  as  in  the  period  1850-59.  In  the  period 
1830-39,  only  one  return  is  available  for  the  group  "  55  to  60  in.,"  and 
none  at  all  for  higher  amounts.  Nevertheless  a  comparison  of  the  values 
from  that  station  with  those  from  the  "20  to  25-in."  group  shows  de- 
cidedly the  tendency  to  a  winter  maximum  in  the  former,  and  a  summer 
maximum  in  the  latter.  In  looking  down  the  tabulations  for  1840-49  and 
1850-59,  the  gradual  drawing  of  the  larger  percentages  from  the  middle  to 
the  right-hand  columns  as  the  annual  fall  in  each  district  increases,  is  evident 
at  a  glance ;  and  in  the  groups  for  the  highest  amounts,  the  maximum  is 
found  to  have  passed  on  to  the  January  column,  and  at  some  places  even  the 
February  value  is  much  increased. 

It  is  much  to  be  regretted  that  the  rain-gauges  were  so  unevenly  distributed 
over  the  country  that  it  is  almost  useless  to  attempt  the  intercomparison  of 
groups  of  similar  value  in  the  different  districts.  There  appears,  however,  at 
first  sight  reason  for  believing  that,  in  groups  of  the  same  actual  annual  rain- 
fall, the  maximum  monthly  proportion  occurs  rather  later  in  the  year  in  the 
eastern  districts  than  in  the  western. 

Another  peculiarity  shown  by  these  Tables  is  this ;  the  period  of  minimum 
monthly  fall  also  advances  to  a  later  period  of  the  year  the  greater  the  annual 
rainfall,  though  to  a  less  extent  than  the  maximum.  In  places  where  the 
fall  is  small,  the  minimum  is  usually  found  in  February  or  March,  whilst  in 
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those  where  it  is  large  the  minimum  is  in  May.  The  deficit  of  two  or  three 
days  in  February  should  be  allowed  for,  and  we  shall  then  find  the  true  mi- 
nimum is  usually  in  March,  especially  as  that  month  contains  thirty-one  days. 

One  more  feature  is  to  be  noticed ;  for  it  is  impossible  in  the  limited  space 
which  is  here  available  to  do  more  than  point  out  the  principal  peculiarities 
in  so  large  a  work.  It  is  this : — at  stations  where  the  annual  rainfall  is 
large,  the  maximum  monthly  fall  is  a  more  decided  maximum,  and  the  mi- 
nimum a  more  decided  minimum  than  at  stations  where  the  amount  is  small — 
in  fact  the  greater  the  total  yearly  fall  the  greater  the  monthly  range. 

The  above  statements  will  be  rendered  more  clear  by  the  following  dia- 
gram (fig.  4),  in  which  the  curves  for  the  20  to  25-in.  and  70  to  75-in. 
groups  for  the  period  1850-59  are  shown.  This  particular  period  is  chosen 
because  the  larger  number  of  returns  give  more  satisfactorily  the  variations 
which,  however,  are  clearly  discernible  in  all  the  periods  yet  examined. 

Fig.  4.  England  and  Wales.     (Western  District.) 


(N.B.  The  70  to  75-in.  curve  has  been  chosen  in  preference  to  the  (ex- 
ceptional) 125  to  130-in.,  as  it  is  obtained  from  more  than  one  station, 
and  may  be  better  compared  with  other  returns.) 

The  first  six  months  of  the  year  are  repeated  after  December,  in  order  that 
the  complete  curve  for  all  parts  of  the  year  may  be  seen  more  readily. 

Scotland. — In  considering  the  registers  from  the  Scotch  stations  (Table 
Ila.),  we  are  obliged  to  speak  with  some  reserve,  as  the  number  of  reports 
received  from  that  country  for  the  period  under  discussion  is  very  small. 
During  1830-39,  the  first  three  groups  are  represented  only  in  the  eastern, 
and  the  last  three  only  in  the  western  districts. 

In  those  cases  alone  where  the  number  of  reports  is  insufficient  to  furnish 
reliable  mean  values,  is  a  summer  maximum  shown  at  all ;  the  tendency  is 
to  an  autumnal  excess  at  stations  with  small  annual  falls.  The  winter 
maximum  at  wet  stations  is,  however,  very  decided.  In  the  following  diagram 
(fig.  5)  the  "  20  to  25-in. "  curve  for  the  eastern  district,  and  the  "  70 
to  75-in."  curve  for  the  western  (1850-59)  are  shown.  Although  the  latter  is 
obtained  from  but  one  station,  it  agrees  so  well  with  the  other  higher  groups, 
that  it  may  be  presumed  to  represent  very  approximately  the  true  average. 

1868.  2  h 
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Fig.  5.  Scotland.    (Eastern  curve  20  to  25  in. ;  western  curve  70  to  76  in.) 


The  variation  in  the  minimum  monthly  value  (if  there  is  any  variation  at 
all)  cannot  be  well  determined  from  the  Tables. 

Ireland. — The  returns  from  Ireland  are  still  fewer  than  those  from  Scot- 
land, and  the  range  in  the  values  of  the  mean  annual  falls  is  very  limited. 
Still  the  prevalence  of  a  slight  summer  maximum  and  February  minimum  at 
the  station  with  little  rain,  but  a  winter  maximum  and  May  minimum  at 
those  with  little  rain  is  traceable — though  with  far  less  distinctness  than  the 
corresponding  extremes  in  either  the  Scotch  or  English  tabulations.  The 
following  diagram  (fig.  6)  gives  the  "  20  to  25-in."  and  "  35  to  40-in."  curves 
for  the  period  1850-59. 

Fig.  6.  Ireland. 


To  recapitulate  briefly,  we  find  that  in  England  and  Wales  the  following 
rules  are  generally  observed  in  the  distribution  of  rain  during  the  different 
months  of  the  year : — 

*  "  First. — If  we  take  an  average  of  a  considerable  number  of  years  of  the 
rainfall  at  various  stations,  we  find  that  not  only  do  the  mean  annual  amounts 
vary,  but  the  monthly  percentages  of  those  amounts  also  vary  considerably. 
*  Britiih  Bainftll,  1867. 
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"  Secondly. — That  (with  some  exceptions)  the  time  of  year  when  the  max- 
imum monthly  amount  occurs,  changes  with  the  variations  in  the  mean  annual 
rainfall ;  stations  where  little  Mis  having  their  maximum  in  summer,  but 
those  where  the  fall  is  large  having  theirs  in  the  winter  months. 

"  Thirdly. — That,  so  far  as  the  present  investigation  has  proceeded,  these 
laws  hold  good  in  all  three  districts  into  which  we  have  supposed  England  and 
Wales  to  be  divided. 

"Fourthly. — That  at  stations  where  the  rainfall  is  very  large,  the  minimum 
monthly  fall  occurs  about  two  months  later  in  the  year,  and  the  maximum 
about  six  months  later  than  at  those  of  small  amount ;  and  that  in  the  former 
case,  these  periods  of  extremes  are  more  clearly  defined  than  in  the  latter." 

In  Scotland  a  summer  maximum  is  not  generally  found,  but  an  autumn 
preponderance  is  noticed  at  the  drier  stations,  and  a  very  decided  winter 
maximum  at  the  wet  stations.  The  month  of  minimum  does  not  appear  to 
vary  much. 

In  Ireland  the  returns  are  not  sufficiently  numerous  to  give  very  reliable 
results. 

It  will  be  seen  from  the  foregoing  remarks,  that  not  at  aU  the  stations  are 
these  rules  observable ;  were  it  so,  a  small  number  of  returns  would  suffice 
to  show  them  as  well  as  a  large.  But  the  exceptions  are  few,  and  may  be 
often  arranged  in  groups — thus  giving  hope  of  discovering  the  causes  of  the 
changes  we  have  been  speaking  of.  This,  however,  is  a  part  of  the  work 
which  at  present  has  scarcely  been  entered  on,  and  it  would  be  premature 
to  attempt  assigning  any  reasons  for  the  phenomena  we  are  noticing  until 
they  have  been  more  thoroughly  and  minutely  examined.  That  there  are 
more  causes  than  one  seems  certain. 

An  attempt  has  been  made  to  discover  whether  the  same  relative  monthly 
values  are  found  at  the  same  station  in  all  decennial  periods ;  but  very  little 
has  yet  been  done  in  this  direction,  though  it  is  hoped  it  will  be  completed  in 
the  forthcoming  year.  It  is  likely  that  averages  of  a  larger  number  of  years 
than  ten  will  give  more  satisfactory  results  than  the  present  decennial  ar- 
rangement ;  but  this,  too,  must  be  left  for  the  future  to  prove.  A  correction 
will  be  necessary  for  the  height  of  gauges  above  ground  when  the  work  of 
more  minute  examination  commences,  as  that  to  some  extent  affects  the 
monthly  values. 

The  whole  investigation  must  be  considered  as  still  in  its  infancy,  and  some 
modification  of  the  views  here  stated  may  be  requisite  as  we  advance.  It 
seems,  however,  scarcely  right  to  withhold  what  is  so  apparent,  because 
we  are  not  acquainted  with  every  particular  we  wish  for.  Rather,  should  the 
publication  of  what  is  here  offered,  with  a  caution  as  to  its  being  too  freely 
depended  on,  either  excite  wholesome  criticism,  or  in  any  way  stimulate  the 
work  of  collecting  and  properly  examining  rainfall  records,  much  good  will 
have  been  done  to  this  branch  of  Meteorology.  Meanwhile  no  pains  must  be 
spared  in  conducting,  if  possible,  to  a  successful  issue,  the  present  investiga- 
tion into  the  monthly  distribution  of  rain  over  these  Islands. 

Some  preliminary  steps  have  been  taken  towards  approximately  determin- 
ing the  correction  applicable  to  such  of  the  returns  previously  referred  to  as 
have  been  obtained  from  gauges  at  any  height  above  the  ground.  It  is 
known  to  many  persons  that  the  deficient  amount  of  rain  collected  in  gauges 
elevated  above  the  ground  varies  with  the  time  of  year.  Of  course  if  the 
deficiency  was  constant,  the  monthly  falls  would  bear  the  same  relation  to 
one  another  as  if  the  gauge  had  been  placed  on  the  ground;  but  this  is 
not  the  case ;  the  deficiency  is  not  uniformly  distributed  throughout  the  year, 
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but  is  far  greater  in  winter  than  in  summer,  and  therefore  the  result  of 
attempting  to  deduce  the  relative  fall  in  different  months  from  elevated 
gauges  must  fail,  unless  we  can  determine  the  correction  required.  This  we 
have  essayed  to  do  by  examining  the  results  of  the  various  gauges  at  different 
heights  at  the  Royal  Observatory  Greenwich,  as  well  as  the  experimental 
sets  at  Calne,  Rotherham,  <fcc.  The  results  are  embodied  in  the  three  follow- 
ing Tables.  The  construction  and  mode  of  using  of  these  Tables  is  so  obvious 
as  to  require  no  explanation  beyond  the  headings  of  the  columns  and  the 
examples  given.  It  should,  however,  be  mentioned  that  the  values  herein 
given  are  not  assumed  as  perfectly  correct,  but  rather  as  types  of  more  de- 
tailed ones  to  be  subsequently  compiled. 


Greenwich,  1862-65. 
Totals  and  per  cent,  of  Ground  Fall. 


Year. 


Ground 
gauge. 


J 


10  feet. 


4 


22  feet. 


i 
4 


+s'2 
a  a 


38  feet. 


§ 

O 


51  feet. 


4 


C    C 


January... 
February 
March    ... 

April 

May    

June  

July    

August  ... 
September 
October ... 
November 
December 

Means    ... 


870 

3*51 
7-58 
4-42 
10-47 
917 

5'4 
10*08 

7-52 
1286 

7-56 

4-07 


852 
318 
7-52 
4-40 

i°'35 
9-03 
496 
983 

7'4i 

1243 

7-16 

3-87 


98 
9* 
99 

100 

"o 

98 
96 
98 
98 

97 
95 
95 


97*< 


648 
2-70 
6*23 
3'86 
9*37 
775 
4*34 
8*93 
6*13 
10-55 

5*3* 
2*65 


74 
77 
82 

87 
90 

84 
84 
88 
81 
82 
70 
65 


614 

2'2I 

539 
3'5i 

7-61 
4*34 
8-43 
616 
976 

5*22 

*'37 


I     80-3 


7i 
63 

7i 

I9 
81 

«3 
84 
84 
82 
76 

i 


75'* 


498 
172 

4*33 
2*91 
7-18 
6-66 

3*57 
6-86 
536 
836 
4-30 
1-89 


57 
49 
57 
66 
69 

73 
69 
68 
7i 
65 
57 
46 


62*3 


Calne. 

Rotherham. 

1  foot 

20  feet 

1  foot. 

10  feet 

20  feet      1      25  feet 

Year. 

Amount 

Amount 

Per  cent  Amount  Amount;  Per  oent 

1              1              1 

m  u  nt  Percent  Amount 

Percent 

January  

3*36 
1*95 

3-27 

313 
179 

368 
3*02 

179 

286 
1-27 
1-67 

Voo 
!'*> 

2-79 
293 
*74 

2-II 
3*6o 
2*96 

171 
2*72 
119 

1*53 

I9 
87 

85 

91 

97 

9i 

98 
98 
96 

95 
94 
9* 

rM 
1-90 
2-70 
2-43 

2'02 
2-27 
3-22 
2-03 
208 

74 
i#53 

163 
138 
239 

2'20 

1*88 
2*13 

3H 
192 
1-90 
•67 
131 

87 
73 
89 

9* 
93 
94 
98 

95 
9* 
90 
86 

1-56 
I  28 
2*32 
2*l6 

1-87 

2-09 

3-09 
189 
r86 
•64 
128 

83 
68 
86 
89 
93 

9\ 
96 

93 

89 
86 

84 

* '45 

128 

2'20 
2l8 
184 

2*o6 

311 

1*89 

1-83 
•63 
125 

78 
68 
82 
90 
9i 
91 
97 

n 

81 

February    

March    

April 

May    

June  

July    

***v     ••• 

August  

September 

October 

November 

December  

Mean.4    

93-0 

... 

897 

87-2 

... 

85-8' 

J 
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Altitude  Correction. 
Factors  to  be  multiplied  into  the  mean  annual  correction. 


Year. 


January  ... 
February  , 
March 

April  , 

May     

June 

July    

August  .... 
September  , 
October  .... 
November  . 
December  . 


10  ft. 


i-oi 
'94 

1*02 
1*03 
1'02 
I'OI 

•99 
I'OI 
I'OI 
I'OO 

•98 


Greenwich. 


22  ft. 


•96 
ro2 
ro8 

I'I2 

1-05 
1-05 
1*09 

I'OI 
I'OI 

•87 
•81 


38  ft 


•94 
•84 

*94 
1-05 
ro8 

I'lO 

i'ii 
112 
1*09 

I'OI 

•92 

77 


51ft. 


91 

79 

'9l 
rob 

i'ii 

117 

i'ii 

1*09 

114 

1*04 

#9' 

74 


Oalne. 


20  ft. 


•96 

•94 
•91 
•98 
1*04 
1*03 
ro5 
1 -05 
1-03 

I'02 

I'OI 

'99 


Botherham. 


10  ft. 


•97 
•81 

•99 

I'OI 

104 
1-05 
1*09 
i*o6 

I'OI 

100 
.96 


20ft.    25ft. 


#95 
78 
*99 

I'02 
I '07 

i*o6 

I'lO 

1-07 

1*02 
•96 


9» 

79 

•96 

ro5 

1*06 

1-06 

1-13 

ro8 

1-03 

'99 

94 


Example  1. — Observed  fall  at  Boyal  Observatory,  Greenwich,  in  July 
1862  to  1865  at  51  feet  above  the  ground  was  3*57 ;  required  the  probable 
fall  at  the  ground. 

Mean  annual  correction  for  51  feet=-623x  l-ll=-69, 

3.57-$-  -69=5-17 
(observed  fall  was  5-14). 

Example  2. — At  Bishopwearmouth  the  gauge  is  30  feet  above  the  ground. 
The  monthly  percentage  of  total  annual  fall  is  in  January  4*6,  and  in  July 
8*9 ;  required  the  probable  true  percentage  at  the  ground  level.  From  the 
above  Table  -93  may  be  taken  as  the  factor  for  January  and  1-09  for  July; 
then  4-6-r-93=4-9,  and  8-9 -r  1-09=8-2. 

Two  other  matters  alone  remain  for  consideration  in  this  Report, — (1)  the 
rainfall  of  the  past  two  years  for  1866-67  in  continuation  of  previous 
papers  published  by  this  Association,  and  (2)  the  results  of  the  examination 
of  rain-gauges  in  situ. 

With  reference  to  the  first  subject,  we  have  thought  it  expedient  to  draw 
up  a  Table  showing  the  rainfall  of  the  ten  years  1850-59 ;  also  the  same 
values  reduced  to  the  mean  of  fifty  years  by  the  application  of  the  correction 
suggested  in  the  British  Association  Report  1862,  then  the  actual  fall  in  each 
year  since  1859.  From  thence  we  have  determined  the  percentage  of  excess 
or  deficiency  in  each  year,  which  we  believe  to  be  far  the  clearest  mode  of 
exhibiting  the  fluctuations  of  rainfall 
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EXAMINATION  OF 


§ 

o  § 

-8"! 


COUNTY. 

Station. 
OWNER. 
Observer. 


h  * 
o  o 


Maker's  name. 


?? 


Height  of 
gauge- 


Above 


g  |      ground. 


243. 


244. 


245. 


246. 


247. 


hs. 


249 


250, 


251 


252, 


1868. 

Apr.  16. 


Apr.  18 


May    i. 


July  13 


Aug.    7. 


Aug.  10. 


Aug.  1  a 


Aug.  1  a 


Aug.  11 


Aug.  11 


MIDDLESEX. 

Upper  Holloway. 

W.  B.  KESTEVEN,  ESQ. 

W.  B.  Kesteven,  Esq. 

KENT. 

Foxgrove,  Beckenham. 

P.B1CKNELL,  ESQ. 

P.  BiekneU,  Esq. 

MIDDLESEX. 

Beaulieu,  Winchmore  Hill. 

T.  PAULIN,  ESQ. 

T.  Paulin,  Esq. 

SURREY. 

West  Hill,  Wandsworth. 

J.  R  RICHARD,  ESQ. 

J.  E.  Richard,  Esq. 

HAMPSHIRE. 

Bramshill  House,  Reading. 

REV.  SIR  W.  COPE,  BART. 

Rev.  Sir  W.  Cope,  Bart. 


HAMPSHIRE. 

The  Vyne,  Basingstoke. 

W.  L.  WIGGETT  CHUTE,  ESQ. 

W.  L.  Wiggttt  Chute,  Esq. 

HAMPSHIRE. 

The  Vyne,  Basingstoke. 

W.  L.  WIGGETT  CHUTE,  ESQ. 

W.  L.  Wiggett  Chute,  Esq. 

HAMPSHIRE. 

Sherhorn,  St.  John,  Basingstoke. 
THE  REV.  D.  CHUTE. 


xn. 


XI. 


Casella 


9  a.m. 


HAMPSHIRE. 

StrafchfieldTurgis  Rectory,  Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

HAMPSHIRE. 

StrathfieldTurgis  Rectory/Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 


in. 


XI. 


X. 


m. 


XI. 


x. 


Negretti  &  Zambia 


Negretti  &  Zambra 


ft  in. 

*     3 


o    5 


Casella 


Negretti  &  Zambra 


9  a.m. 
9  p.m. 


5  p.m. 


9  a.m. 


Negretti  &  Zambra 


Casella 


Negretti  &  Zambra 


Casella 


Casella 


9  a.m. 


9ajn. 


9  a.m. 


*     3 


1     3 


1     6 
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IN-GAUGES  (continued  from  last  Report). 


•A 

Equivalents  of 

Error  at 

Azimuth  and  an- 

8 9 

water. 

scale-point, 
specified  in 

gular  elevation  of 
objects  above 

Remarks  on  position,  Ac. 

P 

s  s 

in 

Scale- 

Grains. 

previous 

mouth  of  rain- 

»l 

a 

point. 

column. 

gauge. 

l. 

in. 

in. 

•*99 

•01 

5° 

correct. 

E.N.E.  House  420. 

On  lawn,  dear  exoept  as  noted; 

243- 

■'99 

;*o2 

•1 

500 

—•001 

S.W.  Trees  300. 

no   better   position   available. 
Gauge  had  men  tested  before 

•a 

995 

correct. 

;*oi 

•3 

1500 

—•00a 

erection. 

1*003 

'5 

a485 

—•001 

•98 

;-oo 

•1 

498 
998 

correct. 

Clear  good  position ;  grounds  level 
and  not  very  much  wooded. 

*44- 

•a 

—•001 

;-oi 

3 

1500 

—•003 

;-oi 

•4 

1900 
2480 

—•001 

;*ooo 

•5 

correct. 

'•98 
t*oi 

•1 

1258 

+•001 

S.W.  Trees  3 1°. 
S.  Fir  35*. 

On  level  lawn,  but  rather  sheltered 

H5- 

•a 

2<50 

3800 

—•001 

by  trees,  especially  in  E. 

I'OO 

*3 

+•001 

N.E.  House  180. 

I'OO 

*4 

5050 

+•002 

E.  Trees  30°- 

r-998 
|'OI 

•5 

6350 

correct. 

*i 

160 

+•010 

N.N.E.  Tree  6o°. 

On  a  slope  to  S.S.E.,  in  a  garden 
containing  and  surrounded  by 

246. 

I'OO 

•a 

350 

+•004 

N.E.  Tree  450. 

I'OO 

•3 

530 

+•003 

WJ3.W.Tree4a°. 

a  good  many  trees. 

••99 

> 

700 

+•008 

I'OOO 

;-03 

^99 

"00 

•5 
*i 

910 
500 

—•010 
—•001 

W.S.W.House570. 

On  the  edge  of  the  South  Terrace, 

247. 

•a 

1000 

—•001 

N.W.  House  550. 

from  which  the  fall  is  about  7  ft ; 

3 

1500 

—  •002 

N.E.  House  450. 

the  gauge  is  therefore  open  to 
the  full  sweep  of  the  southerly 
winds,  and  sheltered  from  all 

;-oo 
5005 

•4 
•5 

aooo 
2500 

—  •003 
—•003 

northerly    ones.      The    house 

stands  on  an  eminence,  com- 

manding all   the  surrounding 

country. 

\o% 

•1 

1380 

—  •009 

These  two  gauges  stand  close 
together  on  the  lawn  in  front 

248. 

r$6 

•a 

asso 

—•001 

*-o2 

*3 

3850 

—•004 

of  the  Vyne,  but  so  distant 

19* 

*4 

5100 

—•002 

from  it  as  to  be  quite  unin- 

'•99S 

*5 

6550 

—•017 

fluenced  by  the  house,  or,  in- 

J'OO 

*i 

160 

+  'OII 

deed,  by  anything,  as  there 
are  neither  trees  nor  buildings 

249. 

roi 

•a 

340 

+•010 

J'OI 

#3 

53o 

+•004 

near.    Surrounding  country 

J'OO 

J005 

S'oi 
coo 

*4 
#5 
•i 
•a 

700 

920 

500 

1000 

+•009 
-014 

— 'OOI 

—•001 

W.  Tree  460. 

gently  undulating. 

In  gently  undulating  country  near 
the  banks  of  a  stream ;  position 

250. 

5-00 
S'oi 

3 

1490 

correct 

fair,  except  as  noted  in  previous 

•4 

1980 

-f*  002 

column. 

5-008 

*5 

2480 

-j-'OOI 

•01 

11 45 

correct. 

This  and  the  subsequent  eleven 

251. 

4-*°4 
3*95 

3*94 

•1 

•i5 

•a 

11425 

17140 
22850 

correct. 

—  •001 

—  •001 

gauges  are  in  a  portion  of  grass 
land  containing  400  square  feet, 
inclosed  only  by  an  iron  two- 
rail  fence.    There  is  not  even  a 

3*995 

•1 

2850 

correct. 

bush  within  30  feet,  and  no  tree 

252. 

2#oa 

'95 
2*02 

•a 

•3 

5780 
8568 

—  •002 
correct. 

within  100  feet.    The  ground  is 
quite  level.    The  enclosure  is 

*4 

"435 
14280 

correct. 

marked  N.  on  the  plan  given  at 

'*997 

•5 

correct. 

page  434. 
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EXAMINATION  OP 


J 


a; 


*1 


COUNTY. 

Station. 
OWNER. 
Observer. 


'"8  £ 

II 

o  o 
O 


Maker's  name. 


Height  of 
gauge. 


Above 
ground. 


Above 

■eft- 
level. 


*53 


*54- 


*55 


256, 


157, 


258. 


»59 


260. 


261 


262. 


263. 


1868 
Aug.  12. 


Aug.  12. 


Aug.  12 


HAMPSHIRE. 

StrathfieldTurgis  Rectory,  Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

HAMPSHIRE. 

StmthneldTurgis  Rectory,  Winchfield. 

COL.  WARD. 

The  Rev.  C.  U.  Griffith. 

HAMPSHIRE. 

StrathfieldTurgis  Rectory  .Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 


Aug.  12.  HAMPSHIRE. 

StrathfieldTurgis  Rectory,  Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

Aug.  12.  HAMPSHIRE. 

StrathneldTurgis  Rectory, Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

Aug.  12.  HAMPSHIRE. 

StrathfieldTurgis  Rectory ,Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

Aug.  13.  HAMPSHIRE. 

StrathfieldTurgis  Rectory, Winchfield, 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

Aug.  13.  HAMPSHIRE. 

StrathfieldTurgis  Rectory, Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

Aug.  13.  HAMPSHIRE. 

StrathneldTurgis  Rectory,  Wkch8eld. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

Aug.  13.  HAMPSHIRE. 

StrathfieldTurgis  Rectory,  Winchfield. 

COL.  WARD. 

The  Rev.  C.  H.  Griffith. 

Aug.  25.  HAMPSHIRE. 

Strathfieldsaye. 
DUKE  OF  WELLINGTON. 
Mr.  Bell. 


VII. 


X. 


X. 

with 
flange. 

vn. 


xn. 


XII. 


XII. 

with 
deep 
flange. 

xn. 


xn. 


xn. 


Casella 


Casella 


9  a.m. 


Negretti&Zambra  9  a.m. 


Casella 


Casella 


Casella 


Casella 


Casella 


Casella 


Casella 


Anonymous 


9  a.m. 


9a.n1, 


9a.n1, 


9  a.m. 


9  a.m. 


9  a.m. 


9  a.m. 


6  p.m. 


ft  in.     feet. 
1     o     209 


209 


1    o     209 


209 


209 


209 


209 


209 


209 


ao9 


183 
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RAIN-GAUGES  {continued). 


meters 
that 
arked 
mean). 

Equivalents  of 

Error  at 

Azimuth  and  an- 

water. 

scale-point, 
specified  in 

gular  elevation  of 
object*  above 

Bemarks  on  position,  &c 

8  £ 

H 

Scale- 

G  rains  • 

previous 

mouth  of  rain- 

•S  3 

point. 

column. 

gauge. 

in. 

in. 

in. 

lO'OO 

•I 

2525 

correct. 

*53- 

998 

•2 

5050 

correct. 

10*02 

•3 

7575 

correct. 

10*00 

•4 

IOIOO 

correct. 

M  icooo 

•5 

I2650 

—  •001 

800 

•I 

1270 

oorrect 

•»54- 

8-oo 

•2 

2540 

correct. 

801 

•3 

3810 

correct. 

w  7'99 

•4 

5075 

correct 

M  8-000 

•5 

6350 

correct. 

801 

•I 

1270 

correct. 

The  same  glass  is  used  for  both 

*55- 

7*99 

'2 

2540 

correct. 

No.  256  and  No.  254. 

8*oo 

'3 

3810 

correct 

8*oo 

•4 

5075 

correct. 

M  8000 

•5 

6350 

correct. 

5*02  sq. 

•I 

640 

correct 

256. 

S'03  >. 

•2 

1275 

oorrect 

504  »- 

•3 

191 5 

correct 

502  „ 

•4 

*555 

correct 

M  5*027 

•5 

3190 

correct 

6*oo 

•1 

7'5 

correct 

*57- 

6'oa 

*2 

1430 

correct 

5*99 

*3 

2140 

correct 

,,  5*99 

"4 

2860 

correct 

M  6*ooo 

'5 

3580 

—•001 

501 

•I 

495 

correct. 

258. 

5*oo 

•2 

990 

correct. 

499 

•3 

1490 

—•001 

500 

4 

1985 

correct. 

M  5-000 

*5 

2480 

oorrect. 

5*01 
499 

•  j 

495 
990 

correct. 

The  same  glass  is  used  for  both 
No.  259  and  No.  258. 

259. 

*2 

correct. 

5*00 

3 

1490 

—  *OOI 

5*00 

*4 

1985 

correct 

M  5-000 

*5 

2480 

oorrect. 

4-01 

•I 

320 

—  •001 

260. 

4*01 

•2 

635 

oorrect. 

399 

3 

955 

—•001 

„  3*99 

4 

1270 

correct 

M  4-000 

*5 

1590 

—•001 

2*O0 

•1 

79 

correct 

261. 

2*00 

•2 

160 

oorrect 

2"00 

*3 

.38 

+•001 

2*00 

*4 

3«« 

+•002 

M    2*000 

•5 

400 

+  '002 

I'OO 

•1 

20 

—•001 

262. 

I'OO 

•2 

39 

+•003 

I'OO 

3 

58 

+•007 

I'OO 

4 

78 

+  008 

M   rooo 

•5 

98 

+•007 

800 

•01 

130 

oorrect 

EJ3.E.  Wall  180. 

In  the  gardens  at  Strathfieldsaye 

263. 

8-oo 

•1 

1280 

—•001 

— a  good  position. 

8*oo 

3810 

oorrect 

8*oo 

•3 

6320 

+  '002 

M  8000 

'5 

Digitized  by 


Google 
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Division  I. — Middlesex. 

Div.II.-&£ 

Co  If  It  TUB. 

Middlesex. 

SUUET. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Hammer- 
smith. 

Camden 
Town. 

Upper 
Clapton. 

Hainpstead. 

Brittany 

House,  Mill 

Hill,  Hendon. 

Xhrnsfold 
Ghxlalminf. 

lfcOin. 
12  ft. 

Oft.  4  in. 
100  ft. 

2ft.  6in. 
90  ft. 

1  ft-Oin. 
860  ft. 

lft.0in. 
420  ft. 

Oft  6 in. 
166  It 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February   ... 

March    

April 

in. 
3*8o 
366 
216 

i'73 
2*91 

364 

•86 
2*82 
370 
2*14 

i'43 
177 

in. 
249 
1*42 
2*37 
182 
2-24 
1*30 
363 

2*42 
233 

177 

•80 

1*40 

in. 
390 

37» 
1*69 
176 
203 
398 
119 
276 
389 
2*32 
173 
2*63 

in. 

2*8 1 

**44 
2*48 
2*36 
*'45 

1*22 
4*3© 
2*63 
2*23 
1*92 

•86 
159 

in. 

4*82 

4*08 

1*40 

2*30 

1-17 

3'53 
2*26 
2*84 
309 
2*53 
i*8o 
2*50 

in. 

»*55 
1*70 
176 

2*23 
2*l8 
1*21 

3*93 

2*25 

2*IO 

2*OI 

•26 

2-39 

in. 
4*33 
3*44 

r»7 

213 
4*76 
183 
2*6a 

456 

2*19 
1*85 
271 

in. 
3*12 

i'57 
1*87 
254 
2*84 

i*44 
4*20 
280 
2*46 
2*48 

1*84 

in. 
3*24 
3*67 
182 
1*90 
1-37 
3*21 
324 
2*52 
423 
199 
218 
2*60 

in. 
2-88 
r8o 
2-49 
2*36 
3*00 

r5l 
4-58 
2-59 
2*79 
217 

178 

in. 
378 
4**7 
17a 
"37 
1-14 
1-89 

13 

5-03 
1*00 
1-48 
176 

in. 

2*2* 
213 
1-41 

**54 
4-34 
**39 
i*tt 
251 
'5* 
1-43 

May   

June    .,,,,,.,. 

July   

August  

September ... 

October 

November ... 
December  ... 

Totals 

30*62 

2399 

31*60 

26*29 

32*32 

*4*57 

3390 

28-08 

3  "'97 

2895 

28*81 

24*85 

Division  II. — South-Eastern  Cofktibs  (continued). 

Kent  {continued). 

WibtSubsbx. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Tunbridge. 

BiverHill, 
Sevenoaks. 

Aool, 
Margate. 

Sidcup, 
Foots  Cray. 

Aid  wick, 
Bognor. 

Brighton 
Waterworks 

lftOin. 
125  ft. 

9ft.0in. 
520  ft. 

lftOin. 
60  ft. 

0  ft.  7  in. 

0ft.  6in. 
8ft. 

lftOin. 
90  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January  

February   ... 

March    

April 

in. 

585 
590 
2*23 

2*12 
I*OI 

4*00 
3-03 
i*88 
6*04 
1*37 
2*19 

1*59 

in. 
3'*5 

1*87 

2'6l 

1*67 
1*70 
1*62 
4*69 
1-89 

»*54 

2*44 

•92 

2'6l 

in. 
4*57 
433 
r56 
2*44 

2*46 
2*14 
2*46 

7-38 

162 

233 

2'02 

in. 

3f*3 
148 
2*88 
116 

«'57 
182 
3-29 
2*36 
192 
3*24 

3*08 

in. 
2-99 

3*51 
2*35 
1*92 
113 
*44 
3'4» 
3**7 
3-52 

*4» 

l'IO 

i'49 

in. 
204 
I'll 
2*26 
1*29 
436 
2-84 
2*40 
1*29 
1*29 
»'43 

1*22 

1-67 

in. 

3*3 
392 
1-50 
2*57 
369 

3*54 
174 
213 
456 
1*47 
i-iS 
i*54 

in. 
176 

2*62 

2*22 
1*89 

I*30 

5-i8 
*'34 

I#45 
1*89 

'I9 
165 

in. 

4*4 
404 

i'54 
104 

•70 

i*6i 

r56 

455 

»'39 
1-40 

i*8i 

in. 
2*78 
152 
294 
1*17 
i*6o 
1*48 
248 
2*32 
1*40 

*«s 

1*26 

•82 

in. 
4*3© 

449 

2*07 

177 

70 

2*32 

*57 

6*09 

2*11 
2*24 
279 

in. 

3-01 
213 
321 
1*30 

May   

2*43 

June  ......... 

1  "4** 

July   

36. 

3-n 
"*35 
3* 

v**V       ••••••••• 

August  

September... 

October 

November  ... 
December  ... 

Totals 

37*21 

26*71 

3496 

26*45 

28*46 

23*20 

3104 

2423 

2583 

22-51 

33-68 

*9-jl 

ON  THE  RAINFALL  IN  THB  BRITISH  ISLBS. 
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Division  II. — Sottth-Eastbrn  Couwtebs  (continued). 


Surest  (continued). 


Wevbridge 
Heath. 


0  ft.  6  in. 
150  ft. 


1866.    1807. 


3*75 
4-4.1 

163 
2*09 
150 

3'i4 
1*04 
2*28 
361 
113 
148 
1*90 


m. 
3*4i 
i*45 
242 

2*IO 
117 

**59 
4*43 
323 
2*03 
208 
•68 
1-37 


Bagshot 
Park. 


1  ft.  1  in. 
230  ft. 


1866. 


in. 
3-27 
409 
184 

175 
293 
1*99 
r88 
2*62 
4'*3 
138 
131 

2'o6 


1867. 


in. 
239 

2*69 
2*40 

»'45 
144 
326 
2*03 
2*30 
1*96 

**5 

177 


Kew 
Obserratory. 


1  ft.  3  in. 
19  ft. 


1866. 


in. 
3*43 
3*39 
123 
172 
1-32 
4-02 

I'20 
2-31 

3*59 

r63 

1*27 
170 


1867. 


in. 
2*21 
1-25 
198 
1*69 

1*22 
r36 

3'6i 
2*06 
226 
162 

•78 
1*29 


8.  Fields, 
Wandsworth. 


lft.0in. 


1866.    1867. 


in. 

3*63 
410 

1*57 
1*90 
2*48 
350 
125 
*75 
3*55 
215 

'47 
"'95 


in. 
3-30 

1*96 

**35 
r6o 
2*05 

4«5 
280 
2-30 

VU 

'44 


KlHT. 


DoTer. 


2ft2in. 
16  ft. 


1866.    1867. 


in. 
488 

3*95 

3*00 

2*00 
112 

266 
**55 

P4 
613 

84 
288 

270 


Horton  Park, 
Hythe. 


lft.  4  in. 
350  ft. 


1866.    1867. 


375 
166 

295 
151 
2-57 
1-17 
3-62 
*9* 

I '22 

2*67 
2*23 
2*64 


in. 
430 

471 
273 
129 
114 

*45 
284 
446 

54' 
114 

2-94 
a*33 


m. 
304 
150 

3*22 
1*67 

349 
130 

447 
112 

'•34 

273 

'99 
251 


Linton  Paik, 
Staplehurst 


Oft.  6  in. 
200  ft. 


in. 
3*83 
4*55 
2*27 
2*09 
•81 
340 
273 
215 

4*5 
138 
1*89 

'•47 


1866.    1867. 


3-05 
'*53 

167 

**35 
•85 
4*53 
'•55 
'•43 
2*65 
1  26 
2-42 


27-96 


2596 


29*35 


*3*53 


26*81     21*33 


30-30 


2671 


3-5*95 


26-91 


3574 


28-38 


30-82 


2671 


Division  H. — South-Eastekn  Coxnrrnw  (continued). 

Wist  Susssx  (continued). 

West 
Thorney. 

Chichester 
Museum. 

Bleak  House, 
Hastings. 

Dale  Park, 
ArundeL 

Battle. 

GhilfroTe, 
Chichester. 

St  Leonard's 

Lodge, 

Horsham. 

lft.0in. 

0ft.  6in. 

lft.  3in. 

4  ft.  0  in. 

1  ft.  3  in. 

Oft.  6in. 

lft.  6in. 

10  ft. 

20  ft. 

80  ft. 

3iea 

284  ft. 

300  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

5*82 

3*34 

478 

3-32 

5-00 

368 

8-28 

2*61 

5*33 

442 

478 

Mi 

4*94 

3*54 

3'34 

'•74 

177 

371 

r86 

5*44 

2-77 

5-02 

2*20 

4*49 

4*00 

151 

115 

224 

rjt3 

3-08 

239 

308 

no 

3'54 

2-23 

3-8i 

'79 

2-05 

2'02 

2*40 

'34 

Il8 

I*IO 

''55 

2'20 

251 

171 

i'93 

2*21 

2-35 

r58 

2*06 

'•45 

228 

•92 

1-27 

•96 

168 

IO4 

3*'4 

i-o8 

2-14 

1*09 

3*66 

'•43 

140 

I'OI 

1*5© 

'95 

no 

1-90 

'95 

r78 

7' 

2-95 

2*28 

177 

'*55 

2-94 

1-85 

2-76 

*»*38 

1-29 

2-60 

177 

4-03 

186 

3*77 

2*12 

5-67 

2*05 

4*06 

''99 

4-76 

1-36 

4-96 

2-38 

'*43 

231 

3-21 

2-33 

*96 

2-77 

3*20 

Hi 

1*75 

3-24 

34' 

1 -6 1 

2-13 

6*09 

2*19 

618 

1-92 

6'20 

•60 

8-15 

2*OI 

1-89 

808 

224 

8-26 

2-25 

1-51 

4*20 

'•43 

3*'7 

'•47 

2-74 

1-52 

354 

172 

3*5-5 

1-50 

2-82 

i*6o 

47' 

'•«5 

1*09 

'•87 

141 

2-18 

85 

2*70 

1*90 

2*90 

2§0 

2*00 

2*  IO 

1-03 

170 

*94 

'•05 

141 

190 

•96 

'•87 

218 

3-20 

2-06 

2*00 

*74 

'#55 

238 

1-07 

2869 

2379 

3218 

28*05 

32*03 

26-08 

41*12 

33-55 

36-99 

33*5 

36-66 

*9'4-8 

33*09 

29-1 
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Division  II. — South-Eastern  Counties  (continued).                             ! 

West  Sussex  (continued). 

East  Sussex. 

Hampshire. 

1 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Petworth 
Rectory. 

Uckfield. 

St.  Lawrence, 
Isle  of  Wight. 

Byde, 
Isle  of  Wight. 

Osborne, 
Isle  of  Wight 

Fareham. 

2  ft.  0  in. 
170  ft 

6  ft.  0  in. 
200  ft. 

lft.0in. 
200  ft. 

7  ft.  0  in. 
15  ft. 

Oft.  6  in. 
172  ft. 

0  ft.  2  in. 
20ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866.  |  1867. 

iil 

in. 
555 
5*54 
2-44 
r8i 
i-o6 
2-84 
194 
2-34 
6*91 
94 
*75 
2-45 

in. 
411 
239 
3*20 

261 

2*05 
2*07 

5-27 

2*40 
2-05 

359 
1-27 

I'lO 

in. 

6*22 

4*35 

**95 

125 

•70 

2-77 
2*83 
2*07 
612 
i-6i 
1  89 
2*03 

in. 

3*15 

170 
3-02 

2*24 

2*07 
l-87 

5*5 
1-96 

**33 
3*41 
1-41 

2*07 

in. 
378 
3'i7 
2*50 
2-37 
•81 

lll 

2*23 
649 
I#35 
**54 

2*02 

in. 

3'49 
181 

3*94 
i'34 
2*30 

•97 
2-44 
275 
i-6o 
377 
185 

•98 

in. 
5-96 
563 
245 

r% 

208 

i'59 
231 
7-62 
166 
197 
2-60 

in. 

4*45 
2*29 
363 

2*22 
173 

i'45 
348 
2*36 

2'2I 

3*4* 

r56 

76 

in. 
448 
488 

2'20 
I-S2 
I'20 
1*64 
I'SI 

2-60 
8-66 
i-6o 
1-90 
198 

in. 
372 
2*26 
278 
1  82 
1-93 
1-62 

371 
252 
2-16 

•80 

in. 
54' 

5*22 

3*08 
146 
1*29 
2-68 
2*03 
275 
770 
241 

2-77 
2*65 

in. 

285 

3*62 
346 
241 

1*47 
293 
3*68 

3*5* 
2*03 
if.; 
153 
166 

May   

Jnnft   , 

July   

J    

August   

September ... 

October 

November  ... 
December  ... 

Totals 

3557 

32*11 

3379 

30*48 

28'6o 

27-24 

3632 

29'56 

34*' 7 

2768 

39*45 

3098 

Division  III. 

— South  Midland  Counties  (continued). 

Hertfordshire  (continited). 

Oxford. 

Northampton. 

Bedford. 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Hitchin. 

Radcliffe 

Observatory, 

Oxford. 

Banbury. 

1 

Althorpe 
House. 

Welling- 
borough. 

1 
Cardington.  , 

2ft.  Oin. 
240  ft. 

0ft.  8  in. 
210  ft. 

7ft.  Oin. 
345  ft. 

3ft  4in. 
310  ft 

Oft  8  in. 

0ft.0in. 
100  ft 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February   ... 

March    

April 

in. 
363 
328 
128 
165 
1-04 

2'6l 
2*6 1 

3-16 
2-63 

i*54 
168 
1*89 

in. 
3-01 

»*45 
2-46 
2-06 
303 

85 
424 
186 
186 
178 
•61 
156 

in. 
2-87 
2*88 
i-66 
2*04 
1-66 
3-20 
2*03 
2-95 
5-66 

2'IO 

**54 
2*03 

in. 
2*58 

i*53 
288 
2*60 

2-50 
193 
392 

239 
1*62 
281 

•95 

1*43 

in. 

**57 
2*30 
133 
1-52 
2-17 
2-46 
208 
352 

2*o6 
171 

i-88 

in. 
3-03 
131 
317 
2*31 
3*02 
i-8o 
2-17 
2-75 

179 
294 

1-56 

in. 

»*34 
259 
114 
i-o8 
161 
1-66 
3-01 
5-00 

449 
193 
194 
i-8o 

in. 
2-49 
125 
2-09 
2-56 

i-85 
2-50 

268 
1*36 

2*21 

48 

2-00 

in. 
2*40 
294 
1-17 
1-06 

2*o6 
2*60 
374 
37* 
i*74 
183 
167 

in. 
2*23 

i*55 

2-74 

1*87 
3-01 
124 
289 
241 
187 
215 
•17 

2'00 

in. 
2*50 

**55 
1  "20 
160 

1  34 
2*25 

*75 
3*37 
350 
1*90 
1  62 
2*30 

in. 
a-50 
1-25 
4-50 
a*i2 

May   

x-70 

June 

x*75 

July    

3*50 

August  

September... 

October 

November  ... 
December  ... 

a-30 

*-*5 
1  90 

140 

Totals 

27-00 

*477 

30*62 

27-14 

2923 

26-42 

2859 

2438 

2644 

24*13 

2688 

*»357 
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Division  II.— 

-South-eastern  Counties  (continued). 

Division  III. — South 
Midland  Counties. 

Hampshire 

continued). 

1 

Berkshire. 

Hertfordshire. 

Shirley 
Warren, 

Selborne. 

Lias, 
Feterafield. 

Aldershot.    | 

Long 
Wittenham. 

Berkhemp- 
stead. 

Royston. 

Southampton. 

4ft.0in. 

4  ft.  0  in. 

Oft.  8 in. 

6  ft.  0  in.     1 

1  ft.  0  in. 

1  ft.  6  in. 

0  ft.  6  in. 

106  ft 

565  ft. 

331ft.       ' 

170  ft. 

370  ft. 

266*^ 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867.1 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in.      , 

in. 

in. 

in. 

in. 

in. 

in. 

556 

4-80 

6-23 

4-1 1 

6-63 

r8 1 

4-98 

2*92 

3'83 

3*4* 

4*3* 

373 

2-89 

278 

432 

2'l8 

5"47 

»*54 

6-37 

2*07 

3-87 

178. 

3'3* 

i'57 

37i 

1*82 

278 

I'll 

2*46 

2*69 

272 

3*10 

2*30 

312 

172 

2981 

176 

2*47 

199 

271 

i'34 

2'O0 

2-24 

2*23 

128 

3*21 

270 

1*36 

2*11 

2-13 

176 

241 

i*8o 

285 

164 

213 

*74 

74 

156 

i-66 

1-47 

i'45 

I-30 

rn  1 

77 

2'20 

176 

288 

1 '62 

3-60 

1  -82 

132 

2-84 

198 

2-53 

1-98 

2-9I 

1-34 

377 

r5» 

4'3* 

131 

2-17 

•81 

125 

478 

1-38 

482 

2-98 

S*a5 

2*22 

3*94 

2*69 

4'97 

185 

466 

2-47 

339 

3*02 

179 

266 

2-43 

3-05 

3*02 

2*52 

i*95 

277 

2*63 

3'46 

»'02 

277 

179 

7'22 

319 

6-52 

2-65 

7-42 

3-19 

4'8i 

1-96, 

5-69 

1*62 

512 

189 

3*20 

273 

i*45 

3-01 

166 

3-68 

174 

4'20 

r46 

r3H 

194 

294 

131 

2*17 

i*44 

2*38 

204 

•80 

2*08 

1-06 

2-39 

i*34 

166 

'35 

i'54 

*3» 

235 

75 

r82 

*47 

2'00 

i*43 

308 

1-49 

4*5 

128 

2-08 

173 

1-85 

**34 

281 

194 

a*34 

r66 

3512 

2896 

37-48 

3*73 

4383 

31*07 

3If64 

H'571 

I  3i'69 

2846 

3480 

2873 

2648 

24*86 

Division  111. — South 

Midland  Counties 

Division  IV. — Eastern  Counties. 

(continued). 

Cambridge. 

Essex.                                                    . 

Wisbech. 

Mid-level 
Sluice, 
Outwell. 

Epp 

ing. 

DorwarcTs 
Hall,  Witham. 

Donmow. 

Booking, 
Brain  tree. 

Bo  & 

8ft.0in. 

4ft.  Oin. 

6  ft. 

Oin. 

1ft.  6  in. 

Oft.  3in. 

3ft.0in. 

1  ft.  0  in. 

18  ft. 

16  ft. 

300ft. 

?20ft 

234  ft. 

300  ft. 

300  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867.  | 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

191 

266 

187 

2*11 

3-90 

2-40 

275 

2*30 

2*20 

277 

2-80 

2*62 

2-73 

2-40  i 

**39 

I'OO 

2*56 

1*06 

375 

i'45 

2*6l 

•88 

3*43 

1-32 

3-68 

1  64 

2*72 

i'*3 

*99 

141 

•64 

•85 

178 

2*50 

i*39 

2'I7 

142 

2*07 

i'45 

2-23 

1*43 

v9l  , 

174 

2*24 

1-31 

1-83 

2*05 

2*25 

177 

1-44 

185 

171 

2*31 

2-35 

1-88 

2-06 

1*67 

3*57 

2*OI 

271 

1*30 

3*60 

I'02 

2*6 1 

162 

279 

I'20 

3*55 

74 

3-30 

2*42 

1 '27 

2*6 1 

i"ii 

375 

1 '45 

2*8o 

94 

*'93 

1-28 

1*98 

■80 

3*53 

•»4 

2*96 

3-42 

278 

3-66 

1-25 

4*35 

1*62 

2*52 

2-05 

2*91 

2-94 

293 

2*12 

2*21 

3-32 

2*09 

3'67 

r8o 

*'55 

2-50 

2*44 

I -56 

3'23 

2-34 

3-06 

r85 

3**4 

1*65 

2*58 

2"20 

2*36 

231 

4*»5 

2*25 

3'04 

116 

3'55 

1-85 

3-56 

194 

3-05 

2-46 

1*32 

2*28 

1*29 

1*96 

2'IO 

i*95 

•60 

1-50 

103 

2-43 

•40 

228 

•94 

2-98 

2*IO 

•69 

193 

*49 

1-25 

75 

I70 

•15 

a*37 

•62 

2-48 

•59 

1-91 

-61 

193 

2*22 

r58 

i'57 

i*95 

1-65 

i*94 

2*07 

2*29 

1-85 

2*47 

2*27 

2-43 

2*27 

25*33 

25*05 

2461 

21-46 

2988 

27*10 

2368 

19-30 

27-97 

23-94 

28-33 

25-05 

2672 

24*22 

Uigitizi 
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Division  IV. — Eastern  Counties  (continued). 

Suffolk. 

Norfolk. 

Height  of 

Bain-gauge 

above 

Oround  

Sea-level 

Grundisburgh. 

Culford. 

Geldeston, 
Becclea. 

Cossey. 

Egmere, 
Fakenham. 

Holkham. 

4ft.lin. 

1ft.  6  in. 

1ft.  4  in. 
34  ft. 

lftOin. 

4  ft.  0  in. 
150  ft. 

Oft  Oin- 
39  ft 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February   ... 

March    

April 

May    

in. 

2#6l 

1-48 
179 
2*40 
2*30 

*'45 
2-35 
3-90 

'45 
2-44 
2*70 

in. 

2*56 

1-50 

1-99 

2*05 

373 
•69 
2*91 
ro8 
1*30 
*'57 
'79 

2*OI 

in. 
2-48 

359 
1*30 

1-85 
r66 
3-42 
2-25 

3*39 
301 

•54 
2-66 

2-58 

in. 
273 
1-82 
i'47 

3'«7 
2*65 

73 
4'49 
1-49 
2*63 
*-48 

•95 
2*66 

in. 
2*07 
396 
171 
1-38 
r52 

*73 
2*96 
1*36 
3-09 

•57 
3-06 

*"45 

in. 

*75 
ri6 

V*l 

2-08 

3*2 1 

•45 

3-26 
1*03 
172 
2-57 

•«3 
1*98 

in. 
2*65 

415 
113 

i'54 
184 
2*90 
2*03 

1*22 

**44 

l'OI 

3*34 
2*62 

in. 

3*90 
123 
1-52 
2*27 
2-87 
'94 
3'°3 
1-83 
268 
2*50 
105 
2-99 

in. 

2'IO 

4*02 
1-51 
1*89 
1*46 
2*62 
i'38 

3*59 
3*62 

*99 

375 
278 

in. 
4*00 

7i 
1-41 
2-58 
419 

•83 
4*99 
1*36 
2*27 
2*32 
117 
3-87 

in. 
2*40 
2*98 
1-25 

I 'CO 

i*47 
2*05 

2'l8 

297 

2*90 
•90 

330 

2*00 

in. 
V6o 
1-15 
1*21 
2-17 
2*92 
•58 

4**5 
1*10 

2-08 
2*05 

•82 

*75 

June  

July    

•**v     

August   

September ... 

October  

November  ... 
December  ... 

Totals 

29*00 

23- 1£ 

2873 

27*17 

2686 

22*42 

2687 

2681 

2971 

2970 

25-40 

25-68 

Division  V. — South- Westebn  Couoties  (continued). 


Devon  (continued). 


Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

January 

February   ., 

March    

April 

May   

June 

July   

August  .... 
September  .< 
October  ..... 
November  ., 
December  ., 

Totals 


Torhill, 
Ivy  Bridge. 


0ft.4in. 
240  ft 


1866.    1867. 


High  Wick, 
Newton 
Bushel. 


1  ft.  6  in. 
250  ft. 


1866.    1867. 


Landscore, 
Teignmouth. 


Oft.  6 in. 
200  ft. 


1866.    1867. 


Dawlish. 


Oft.  8  in. 
62  ft. 


1866.    1867. 


Broad- 
hembury, 
Honiton. 


Ift6in. 
400  ft 


1866.    1867. 


Cove, 
Tiverton. 


Oft.  lOin. 
4Wft 


1866.    1867. 


in. 
8-48 
618 

03 
2-90 
3-58 
258 
181 
6-37 
11*90 
271 
p8 
6-66 


in. 
7*53 
5*3* 
774 
3*35 
568 

5-61 
r38 

4*37 
6*05 
2*30 
3'*5 


in. 
6-77 
5*94 
4*57 
2*46 
2*60 

124 

.'■IS 

831 

268 
146 
2-97 


in. 
598 
329 
77i 
3*33 
5*5» 
49 
486 

'94 
2-08 
279 

•85 
i-6i 


m. 

5-07 
371 

4*55 
2*96 
2*91 
76 
1*26 

i'37 
13-18 
48 1 
124 
2*24 


in. 
7-13 
3*4 

lO*22 
2*l6 
5-40 

'33 
239 
1*22 

149 

288 

•46 

3*5* 


711 

3'43 
4*02 
233 
305 
'99 
79 
i*95 
7-88 

348 
1*67 
2-48 


in. 

5*54 
284 
669 
2-52 
618 
•63 
4-56 
152 
2-74 
2-89 

•40 
297 


in. 
492 
4*00 

3*4' 
2-44 

"77 

1*21 

i*97 
2-07 
8*19 
3-05 
2*05 

3*8 


in. 
4*62 
294 
496 
270 
2*92 
172 

475 
1-50 
234 
401 

i'47 
1*76 


in. 

7*3 
479 
442 

2*22 


5-20 
4*02 
5-69 

4*17 


277 

3'5 

2*23 

1*10 

2-17 

3*9* 

3*3' 

1*22 

9*9° 

2'48 

231 

4*3* 

3*02 

115 

479 

a-46 

6068    53-98    4140    3944    44-06    4034    3918    3948    3836    35-69    49-56 
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Division  V. — 

South- Wbstkbh  Couxtibs 

Wiltshire 

Dorsit. 

Dbyoh. 

trerstock. 

Marlborough. 

Calne. 

Enoombe, 
Warehain. 

Dorchester. 

Bridport. 

Saltram 
!     Gardens, 
1    Pl/mouth. 

ft.  Oin. 

4  ft.  0  in. 

Oft.  11  in. 

OftBin. 

Oft.  6  in. 

Oft.  11  in. 

Oft.  3  in. 

300  ft. 

50C 
1866. 

>  ft. 
1867. 

250  ft. 

130  ft. 

250  ft. 

85  ft. 

£6  ft. 

56. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

|  1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

05 

4*5 

416 

3*34 

3*60 

3*34 

406 

396 

6*05 

570 

516 

4*54 

8-07 

6*40 

*io 

**5 

3-80 

2-44 

398 

I#95 

430 

168 

477 

323 

373 

260 1 

509 

275 

75 

4*60 

2*26 

3-26 

2*07 

335 

184 

438 

2'02 

4'02 

2*26 

3*73, 

3*60 

649 

•40 

1*90 

2*21 

2*60 

2-17 

3*5 

1*34 

2'20 

2-38 

2'2I 

186 

2-58 

241 

360 

35 

1*90 

1*84 

2*26 

115 

r8o 

1-30 

2-o8 

171 

2*92 

219 

186 1 

3*35 

4*5 

•90 

no 

3*OI 

& 

3'02 

218 

1-40 

1*35 

239 

1*22 

r58 

ro6 

214 

191 

•40 

3*50 

r46 

*'49 

3*79 

i'35 

3*20 

•81 

4'5* 

1-25 

37* 

i*5o 

5*49 

•40 

2*00 

2-85 

2*26 

2*52 
665 

3*°7 

205 

2*05 

3*34 

2-17 

248 

224 

5**5 

1-30 

80 

**45 

7'3i 

214 

1*92 

890 

I'72 

934 

2*93 

7'39 

i-8 1 

10*87 

380 

5i 

346 

170 

310 

2*07 

283 

2*60 

3-46 

209 

**94 

2*20 

2*8o 

*#55 

5-40 

*5 

•70 

2*25 

ns 

211 
2'87 

115 

215 

'94 

2*50 

172 

199 

i'54 

3*03 

286 

65 

116 

3*00 

150 

165 

3*10 

1*03 

2*97 

**59 

2*68 

191 

5*o9 

**55 

56 

2987 

35*«5 

29*66 

339O 

30-28  | 

34*39 

28-05 

40*37 

3516 

34*77 

3°*45 

5**95 

4680 

Division  V.— 

-South- Western  Counties  (continued). 

Diyon  (continued). 

COBIfWALL. 

sUeHUl, 
Molton. 

Great 
Torrington. 

Barnstaple. 

Helston. 

Penzance. 

Tehidy  Park, 
Bedruth. 

Truro. 

ft.  Oin. 

lft-lin. 

Oft.  6 in. 

5ft.0in. 

2ft.6in. 

Oft.  Oin. 

40ft.0in. 

15Qft. 

32*  ft. 

31ft. 

116  ft. 

94  ft. 

100  ft. 

66  ft. 

6. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

*3 

5-12 

5*58 

763 

5*44 

5-89 

6-30 

512 

7*05 

5*57 

6*  10 

7-80 

6*92 

674 

I2 

4*91 

4*94 

4*o3 

4*56 

3*57 

402 

370 

5*65 

3-52 

4-00 

3-32 

5*4i 

3*37 

rr 

391 

3-13 

319 

3*3 

3 '22 

4*i5 

570 

376 

5*i4 

4*4o 

6*20 

463 

5*44 

'5 

r*3 

1-37 

415 

Y'46 

3*49 

391 

3'*4 

4*22 

3*12 

4-00 

3*80 

3*94 

3-46 

»4 

*7* 

1*30 

3*39 

ros 

2*63 

1*64 

3*68 

2'IO 

2-84 

*74 

3'50 

**45 

3*53 

>4 

1*09 

2*06 

n8 

**4* 

1*02 

2'20 

i*o8 

**45 

'35 

3*45 

I'OO 

3-27 

113 

.6 

6*io 

183 

4'53 

2*60 

373 

*97 

3*78 

480 

4*00 

i*53 

3-50 

*!5 

381 

* 

233 

4*4 

192 

3*99 

2-24 

4'67 

»*35 

119 

4*9° 

•85 

469 

99 

9 

2-46 

87a 

2*22 

7-07 

2*19 

767 

•92 

7*i5 

128 

770 

"•95 

7-88 

i*33 

14 ] 

7*80 

2*05 

7*53 

213 

712 

2*OI 

4-92 

2'00 

5*i* 

380 

5*53 

2-63 

570 

;6 

•93 

3-46 

i#37 

401 

i*o8 

1*40 

141 

3-36 

i*37 

3-20 

1 -50 

3*o6 

1*39 

* 

4-65 

yoo 

2*64 

5-00 

3'i6 

4*oi 

3*44 

5*oo 

3-52 

450 

.   **9° 

504 

2*90 

•2 

4625 

4368 

4S7» 

43-02 

39*34 

4**95 

3«*34 

45.50 

3706 

50*32 

4185 

5o*77 

3979 

Die 
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Division  V. — South-  Westebn  Counties  (continued). 

Cornwall  {continued). 

SOMXR8ET. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Bodmin. 

Treharrock 

House, 
Wadebridge. 

Boscarrock. 

Fulland's 

School, 

Taunton. 

Long  Sutton, 

near 

Langport 

Sherborne 

Reservoir. 

East  Harptm- 

2  ft.  Bin. 
325  ft. 

3ft.  6in. 
300  ft. 

3ft  Oin. 
210  ft. 

1  ft.  4  in. 

Oft.  7  in. 

5  ft.  Oin. 
360  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867 

January 

February   ... 

March    

April 

in. 
927 

475 
440 

J'21 

2-44 
249 

2*00 
649 
9-05 

3*io 
375 

5*22 

in. 
8*oi 

3*9° 
496 

4*53 
398 
1*63 

i'6i 
1*62 
7-42 
1*48 
366 

in. 
5-36 
446 
391 
1  41 

2*00 
2*90 
176 

6-88 

7'45 
2*28 
329 

475 

in. 

5*47 
3*16 
2-88 

333 

2-56 
1-38 
512 

1*59 
1  91 
7-07 
•98 
2*67 

in. 
6-34 

4*43 
3-56 
1-28 
161 
2-78 

1-45 
6*07 
763 

2*00 
336 
475 

in. 

5*34 
3*4 
3-83 
3-28 
2-74 
138 
470 
136 
171 
644 

*93 
2-67 

in. 
4-82 
4-00 

339 
191 
1-64 

77 
179 
r68 
687 
189 
114 
2-06 

in. 

485 
189 
381 
1-83 
2-87 
1-39 

3*35 
i'47 
166 
338 
•81 
149 

in. 

485 
3-62 

»-54 
2-03 
1*96 
228 
118 
2-39 
6-57 

2*OI 
I  52 
2-05 

in. 
415 

2*00 
376 

1-63 

1-02 

3*53 
174 
171 
289 
i'3i 
i*35 

in. 

7*3o 
643 
2*65 

i*75 
152 

3*4 
3*9* 
3*97 
968 

2' l6 
396 

5*45 

in. 
57< 
46* 
5*3' 
4*5? 
265 

2*ol 

May    

June  

July    

5*34 
2-04 

i*99 
5*5- 
1*43 

3*63 

j    

August   

September ... 

October 

November  ... 
December  ... 

Totals 

55*17 

47*91 

46-45 

3812 

4526 

37*62 

3196 

28-80 

33-00 

26-60 

5**°9 

44*99 

Division  VI. — West  Midland  Counties  (continued). 

Div.VH.-N. 
Midland 
CorwrtEs. 

Worcester  {continued). 

Warwick. 

Lkicebtu- 

Height  of 

Bain  gauge 

above 

Ground 

Sea-level 

West  Malvern. 

Lark  Hill, 
Worcester. 

Orleton, 
Tenbury. 

Bugby. 

Birmingham. 

Wigaton. 

1ft.  Sin. 
900  ft. 

1  ft.  0  in. 
157  ft. 

0ft.  9  in. 
200a 

!     2ft.  4in. 
384ft. 

0ft.  10  in. 
340  ft- 

0ft6in. 
220  ft 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867 

January 

February   ... 

March    

April  •• 

in. 
2-08 
286 
1*89 
i*35 

363 

i"34 
382 

5*33 
299 
1*47 

172 

in. 

3H 
2-23 

4*£3 
1-89 

302 

•96 

3*21 

2*40 
268 

2*OI 
I-85 
I -07 

in. 
2-08 
2-50 
141 
1*46 
2-57 
311 
159 
3-70 
5-40 
2*64 
125 
174 

in. 
369 

174 
365 
174 

2*00 
1*41 

359 

191 
2*86 

**33 
128 

i*3 

in. 
300 
302 
2*30 
1-69 
*94 

579 
216 

2-98 
6-68 
2-66 
166 
174 

in. 
3-83 
2*13 
3-84 
3-10 
2-24 

1-20 
2*96 
219 

179 
3'20 
II9 
I  60 

in. 
215 
258 

1*22 

123 

1*39 

»*33 
3*14 
4-08 
6-20 
1*97 
"74 
1-87 

in. 
309 
142 
2-57 
2-37 
239 
325 
2*46 
3*43 
3*49 
2-69 

*49 
i-86 

in. 
2*21 
2-57 
2*07 
1*07 
116 
393 

2- IO 

4-07 

6-20 
2-57 
235 
1*90 

in. 

377 
160 
566 
243 

V 
1-80 

249 

249 

359 
2S5 

I'OI 

240 

in. 
2-08 

278 
1*27 
1*31 
i-io 
241 

2*21 
44> 

5*43 
2*40 

228 
215 

ia. 

1*28 

2-88 
213 
2-02 

2*Ol 
224 
2ll 

I** 
2'2^ 

•6 

2*01 

May   

June  

July   

August  

September... 

October 

November  ... 
December  ... 

Totals 

29-38 

2859 

2945 

27-43 

3462 

29-27 

1  29-90 

2951 

32*20 

3104 

2983 

*4*? 

Digitized  t 
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.— s.- 

C7NTIES 

wed). 

Division  VI. — West  Midland  Counties. 

:rset 
nued). 

GLOUCESTER. 

Shropshire. 

Worcester. 

•aston 
•voir. 

Clifton. 

Cirencester. 

Park  House, 
Gloucester. 

Haughton 

Hall, 
Shifnall. 

Hengoed, 
Oswestry. 

Northwick 
Park. 

Oin. 
•ft 

Oft.  6 in. 
192  ft. 

lft.2in. 
446  ft. 

3ft.  6in. 
60  ft. 

4ft.  6in. 
450  ft. 

6ft.  Oin. 
471ft. 

1  ft.  6  in. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 
3*68 
i-99 
2-56 
313 
1  82 
187 
381 
205 
2*03 
362 
i-o8 
1-52 

in. 

4'22 

4*80 
2*09 
168 
I'll 
3-62 
2*66 
3-26 
7*40 
192 
2*39 
4*95 

in. 

487 
271 
4-86 

3*41 
2*52 
2*07 
273 
2*05 

1-34 
364 

2*20 

i'5 

in. 

4X3 
4*04 
1 '40 
2-15 
73 
4**5 

2'IO 

4*54 
7*10 
2*15 
2*03 
3*45 

in. 
5*00 
2*00 
349 
3*33 
2-98 
r88 
4*29 

a*S7 
i*6o 

3*50 
1*05 

2*01 

in. 
2-75 

2*11 

2*07 

75 

•9* 

**54 
1-48 
312 
6*26 
2*13 
1-32 
i-68 

in.      , 

3*37 
i-68 
2.58 
156 

2*12 

•76 

I*46 

i*6o 
r8il 
2*46  j 

1*25  1 
i*ii  ' 

in. 
194 
2*03 
176 
•74 
i*47 
3*3* 
1-27 

4*5° 
5*40 
2*37 

3*49 
1*65 

in. 
3*ii 
163 
2*91 

2*21 

193 
I'll 

2*89 

2*20 
1*22 
3*05 

i-o8 
189 

in. 
475 
4*32 
2*42 

1*02 
2*l6 

4*08 
1*46 
430 
801 
198 
331 
2*72 

in. 

5*04 
2*90 

V\S 
3*82 

3*56 

1-46 

259 

1*22 
2*00 
4*69 
I46 
1*89 

in. 
284 
2*95 

2*11 

2*11 

*99 

3*47 
**55 
2*29 
877 
213 
2*25 
2*13 

in. 
2*24 
2*47 
3*52 
2*23 
181 
2*09 
228 
197 
194 
197 

I*6o 

1*86 

29*16 

40*11 

33*97 

37*97 

3370 

27*12 

2176  | 

2993 

*5*43 

40-53 

3378 

34*59 

25-98 

Division  VII.- 

— Nokth  Midland  Counties  (continued). 

CESTER 

[continued). 

Lincoln. 

rnton. 

Belvoir  Castle. 

Lincoln. 

Market  Rasen. 

Gainsborough. 

Brigg. 

Grimsby. 

8  in. 

1ft.  Oin.     , 

3  ft. 

6  in. 

3  ft. 

6  In. 

3  ft.  6  in. 

3  ft.  6  in. 

15ft.  Oin. 

20  it. 

237  ft       1 

26  ft. 

100  ft. 

76  ft. 

16  ft. 

42  ft. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in.     1 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

3*06 

1-50 

3*12 1 

•83 

1^96 

1-36 

3*47 

105 

172 

1-48 

2*05 

r88 

1S7 

1  42 

2*09 

'73 

1  60 

i*44 

2*00 

1  73 

177 

•46 

1*89 

i*34 

2*20 

1-10 

2*l6 

1*64 

2*90! 

I'OO 

i'37 

r76 

2*08 

59 

1*69 

1-50 

2*64 

I48 

163 

2*70 

1*40 

2'4I 

*94 

3*26 

2*05 

2-07 

1*65 

2*00 

•90 

2*79 

i-i6 

2*42 

192 

1*24 

2*90! 

1*21 

3*02 

115 

»-s» 

n8 

1*67 

1-24 

1*59 

131 

2*07 

176 

3*ii 

1*85' 

2-74 

1*64 

3*51 

I76 

289 

r66 

3-48 

131 

349 

i*33 

> 

i*88 

3*21 

270 

214 

1*99 

2-64 

2'87 

2*34 

2-17 

394 

1*37 

2-56 

2*67 

D 

2*41 

4*73 

2*65  1 

358 

2*12 

3*61 

2*63 

2J8 

2-87 

249 

i*5 

2*49 

149 

5 

3*4" 

4*54 

193 

3*54 

I'6l 

639 

1*36 

325 

1*46 

369 

194 

379 

2*07 

D 

**39 

2*44 

2*20( 

206 

2*04 

3*09 

2*6l 

2*40 

x*55 

2*36 

1*96 

1*68 

1*90 

I 

•61 

2*00 

*47 

i*8S 

II5 

319 

1*46 

197 

•83 

294 

7« 

264 

ro6 

7 

2-49 

r48 

2'20 

113 

1*86 

2*OI 

•82 

'97 

i'5» 

1*98 

2*23 

i*54 

197 

5 

26*21 

29*39 

27*06 

22*62 

23-46 

3276 

25*44 

22*24 

19*66 

2789 

«••, 

26*22 

21*58 

1808. 

dbyV^ 

°9g 

le 
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Division  VII. — North  Midland  Coukties  (continued). 

LufCOLH  (continued). 

NOTTIKGHAM. 

Derby. 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

New  Holland. 

Welbeck. 

Derby.       '  Chesterfield. 

i 

Comb's  Moss. 

Chapel-en-lc- 
Frith. 

3  ft.  Gin. 
18  ft. 

3  ft.  10  in. 
80  ft. 

5  ft.  0  in.    !     3  ft.  6  in. 
180  ft.        1       248  ft. 

3  ft.  6  in. 
1669  ft. 

3  ft,  6  in. 
903  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. ,  1866. 

1867. 

1866. 

1867. 

1866. 

1867- 

January 

February    ... 

March 

April 

in. 
1*30 
1*90 

131 

•66 

117 

3*39 
2*22 
2-50 
3-90 

2'02 
2*96 
I-5I 

in. 

**35 
•89 
1*69 

2-23 

r56 
1*17 
253 
1-44 
171 
1-50 
1*29 
2*18 

in. 
1-03 
2-39 
131 
132 
•65 
3-40 
3*o4 
3-24 
3-83 
2-84 
2*07 
r56 

in. 
188 
125 
2*40 

3*o4 
2*35 
2*25 

3*39 
3-31 

2'IO 

2*02 

•89 

1*51 

in. 
i*6o 
2*25 
172 
105 

175 
411 
241 
656 

479 
2-95 
3-06 

2*22 

in. 
2-91 

"'95 
2*09 

3*4* 
173 
2-38 
1*92 
421 
2*86 
3*3° 
'95 
1-65 

in. 
2-49 

3*3° 

1*22 

I"29 

72 

379 
294 

3*38 
4'5i 
2-93 
278 

2'02 

in. 
277 
2-53 
2*07 
2-98 
2*68 

2*IO 
319 

379 
272 
2*56 
•80 
1-89 

in. 
603 
4-98 
2-66 

.1-86 

2*lO 
6*27 

6-43 
6-02 

7.92 
5-02 

9*22 

r°5 

in. 
3-68 
3*97 
i'55 
8-65 
191 
*"54 
5-52 
3-08 
396 

539 
2-82 
4-88 

in. 
5*4* 
474 
285 
1-39 

1*7 
5*19 

in. 
375 
463 
*'34 
6'44 
**93 

2'2< 

May  

June  

July  

4*07 1     A'8? 

w**v   

August   

September... 

October 

November  ... 
December  ... 

T      /  f 

5*471 
636, 
3-04 
7*10 
479 

251 
2*92 

475 
i'34 
5'84 

Totals 

2484 

20-54 

26*68 

2639 

34*47 

2937 

31*37 

30-08  J  63-56 

48-95 

5229 

43'5i 

Division  VIII. — North- Western  Cothtties  (continued). 

Div.  IX. — Yorkshire. 

Lancasriu  (continued). 

York.— West  Ridikg. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

South  Shore, 
Blackpool. 

Stonyhursi 

Caton, 
Lancaster. 

Holker, 
Cartmel. 

Broomhall 

Park, 
Sheffield. 

Bedmires, 
Sheffield, 

1  ft.  8  in. 
29  ft. 

1  ft.  3  in. 
381ft. 

1ft.  9  in. 
120  ft. 

4  ft.  8  in. 
155  ft. 

2  ft.  0  in. 
337  ft. 

4  ft.  0  in. 
1100  ft. 

1 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February   ... 

March   

April  

in. 
4*10 
3-25 
2*05 
•80 
115 
3-12 
3*15 
355 
697 
2*30 
552 
3'95 

in. 
3*00 

*'95 
1-08 
2*90 
205 
•80 

4>5 
185 
2*60 

5#57 
1*04 
4-05 

in. 
6-30 

5**4 
2*52 
no 
2*07 
4-87 
6*20 

615 

2-94 

9*44 
8*40 

in. 
4'45 
435 
i*45 
5*93 

2-IO 
214 

5*43 
35' 
4*94 
536 

2'l6 
5'22 

in. 
5-90 
421 
2-84 

•85 
1-52 
425 
4*5 1 
5''9 
8*35 
2-63 
6-68 
578 

in. 
4-40 

3*37 
186 

4*i5 
2-56 
148 
387 
3-28 

373 
4-72 
139 
3*53 

in. 
5-69 
4*26 
2*96 
1*38 
1-38 
275 
2-73 
5*78 
874 
2*64 
7-07 

6*12 

in. 
5-21 
2-85 
171 
03 
2*05 
i*6o 
4-89 
329 
4-36 

4'94 
1-88 
406 

in. 
2*78 
336 
2*03 
1-41 

418 

4-00 
3-10 
4-87 
298 

3*5* 
3*01 

in. 
3«oo 
2*69 
2*50 
400 
2-65 

2-52 
3-76 

2*73 
2*46 
2-84 
1-09 

2-12 

in. 
3-96 
467 
a-66 

212 

1*35 
5*8o 
464 
4-00 

5*53 
329 

493 
4*78 

in. 

*■'* 

2'6l 

5'3° 

May   

1-96 

2*42 ' 

June  ...» 

July   

4*9*1 

2-83 

3-13! 

3*33, 

132 

3*06 

.    *      

August  

September... 

October 

November  ... 
December  ... 

Totals 

3991 

31-04 

64-95 

47'°4 

5271 

38*34 

51-50 

41-07 

36*16 

3236 

47*73 

38-85 
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Division  VIII. — North- Western  Counties. 


Cues 

HIRE. 

1 
1 

Lancashire. 

Macclosfield. 

Quarry  Bank. 

1 

1  Manchester. 

Water 
aft. 

louses. 

Bolton-le- 
Moors. 

Ruflbrd, 
Ormskirk. 

0  ft.  8  in. 

Ilowick, 
Preston. 

3  ft.  C>  in. 

0  ft.  8  in. 

j     2  ft.  7  in. 

6  in. 

3  ft.  6  in. 

0  ft.  6  in. 

531 

I  SIM. 

)ft. 

295 
1866. 

ft. 

1867. 

1        106  ft. 

I 

SAo  ft. 

286  ft. 

38  ft. 

72  ft. 

1867. 

|  1866. 

1867. 

18(50. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

*'55 

3-12 

2*96 

3*'3 

3'*5 

3-27 

3*95 

361 

5-63 

4*95 

3-98 

3'3* 

4*5° 

3-40 

3-ib 

2-41 

284 

284 

2-98 

293 

3'43 

3-28 

5'*3 

37o 

3*43 

2*02 

3-30 

2-15 

2-59 

1*21 

2-24 

165 

2-17 

i'45 

"'54 

i*54 

2-83 

1*74 

2*40 

1-08 

2*50 

I'OO 

1*04 

3*52 

•35 

3-87 

|       -3o 

4*32 

•48 

5-32 

72 

565 

•63 

3-5o 

•80 

3-80 

»73 

••51 

1-41 

2'10 

!     '-54 

*'95 

174 

2-36 

2*07 

1*82 

i'35 

1-27 

1*40 

*'55| 

4'3 

1-66 

5  03 

174 

!     3'9* 

1-59 

473 

176 

5*24 

1-30 

4**  5 

94 

365 

i-iS1 

3-56 

4*88 

3*3  5 

566 

1     4'3< 

4-28 

3*44 

5*41 

4-08 

6-64 

4-18 

4*'5 

4*55 

3*5  1 

5*35 

171 

4-48 

1-34 

i     5'« 

1-41 

4'47 

i-86 

688 

1-67 

422 

176 

5-00 

2*20 

5-8 1 

295 

5*99 

2*87 

7'*3 

2-99 

7-30 

2*41 

8-66 

4*93 

6-88 

2-18 

690 

2*70 

2*20 

3'63 

213 

4-41 

1     2-52 

3-98 

**33 

4*20 

3'5* 

577 

2-48 

5-i6 

2-45 

590 

5'*7 

1*29 

471 

172 

1     57* 

2-43 

572 

2*l6 

7*74 

2-47 

4-88 

2*00 

5*8o 

2*05 

3*4' 

377 

3*04 

3*57 

1     4*15 

3-98 

4-52 

373 

6-6o 

4-63 

4-00 

3-03 

4*80 

3-50 

4070 

31*66 

3853 

34-90 

j  43'"7 

34-58 

43^5 

37-64 

59-20 

45**7 

42-58 

3o*4» 

4565 

32*65 

Division  IX. 

— Yorkshire  (continued). 

York. — West  Riding  (continued). 

Tickhill. 

Fenistone. 

Saddleworth. 

Longwood, 
Huddersfield. 

Wakefield. 

Weil  Head, 
Halifax. 

Ovenden 
Moor. 

2  ft.  0  in. 

3  ft.  6  in. 

6  ft.  0  in. 

4ft.6in. 

4  ft.  0  in. 

Oft.  11  in. 

0  ft.  10  in. 

61 

ft. 
1867. 

717 
1866. 

'ft. 
1867. 

640  ft. 

600  ft. 

115  ft. 

487  ft. 

1375  ft 

I860. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

188 

2-51 

4*3" 

2"OI 

414 

3-62 

4-20 

2*67 

2*02 

2*IO 

4*75 

3-29 

6-io 

6*oo 

2*18 

123 

385 

*'34 

5-18 

3'43 

466 

3-50 

2-66 

1-65 

5-22 

3*3' 

6-90 

5-00 

1-63 

2*01 

1-48 

2*65 

1-50 

2-63 

•«9 

1-65 

77 

2'2I 

1*24 

2'02 

1-50 

2-40 

i-i6 

275 

1-70 

3*63 

2-48 

5**5 

I*20 

455 

1-03 

3-89 

170 

4-12 

I'OO 

6-80 

1*04 

2*l6 

175 

2*00 

179 

4*45 

1-46 

2*26 

7* 

2'40 

•96 

2*72 

1-20 

3-10 

3-38 

2-08 

5'5* 

2-53 

5-69 

1-82 

5-02 

"74 

2-88 

1-88 

•49 

'"57 

5-80 

2-50 

4*35 

2-99 

4*7* 

3-95 

4-05 

6-57 

4-63 

3-89 

4-63 

3-07 

446 

3-69 

4-40 

4-70 

322 

3-40 

4-12 

2*IO 

6-03 

288 

3-93 

2-19 

3*79 

3-30 

4*54 

17b 

57o 

2*00 

389 

i'55 

4*97 

1-17 

7*02 

2*69 

5-48 

**57 

5-04 

1  96 

615 

2-58 

830 

3-co 

3-05 

2*22 

*'43 

2-66 

2-79 

4-56 

2*22 

295 

2-38 

1-38 

2-43 

**54 

2-90 

3*8o 

283 

'93 

4'H 

1-36 

699 

2*44 

5-50 

1 '34 

4*22 

X'22 

5-64 

•62 

7-20 

•60 

181 

1*63 

2-86 

2'o6 

6*oo 

1*36 

562      2-39 

*'54 

2-14 

5*66 

2-72 

6-20 

3*4o 

3042 

25-46 

41-85 

28-46 

53-66 

41*60 

44-81 

3170 

3»74 

27-20 

43'H 

30*94 

5720 

y  43-80 

2i2 
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Division  IX. — Yorkshire  (continued). 

i 

York. — Wbst  Biding  (continued).                                                     ' 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

W.W.  Office, 

Manor  Road, 

Holbeck. 

Eccup, 
Leeds. 

York. 

Harrogate. 

Settle. 

Arncliffe, 
Skipton. 

0  ft.  0  in. 
95  ft. 

0  ft.  0  in. 
340  ft. 

0  ft.  6  in. 
60  ft. 

0  ft.  6  in. 
420  ft. 

40  ft.  0  in. 
498  ft 

3  ft.  0  in. 
750  ft. 

1866. 

1867. 

I860. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February   ... 

March    

April 

May    

in. 
251 

3"20 

146 

'•35 

•59 

3-30 

4*95 
355 
4'5  * 
2*25 
410 
2*80 

in. 
2*26 

.  1*93 
2*09 
332 
1*90 
1-52 
3-17 
2*63 
2*05 
1-84 
1*27 
2*04 

in. 
390 
2-84 

1*40 

I*20 

•70 

3*07 
4*6l 
3*62 

5*37 
2-39 

4**5 

2*20 

in. 
2-23 
1*96 
188 
259 

»*47 
166 

3 '47 
2*62 
184 

175 

•88 

2-35 

in. 
1*64 
2*50 

i'35 
i'ii 

251 
2*91 

3*o6 
404 

1*7 
2-39 

i'75 

in. 
223 
117 
1-44 
3-1 1 
178 
2*65 
2*40 
4*34 
175 
1*41 
ri6 
172 

in. 
3-86 

4*41 
176 

1*57 
125 

4*39 
3*94 
3**5 
611 
2*52 

3'5° 
2-88 

in. 
2*92 
2*40 
2*54 
384 
2*24 
179 
3-28 

3*3° 
1*5 
2*31 
1*29 

2-47 

in. 
7-92 

5*51 

2-03 

I*02 

•66 

3*»5 
5-60 

4*3i 
825 
279 

7*5' 
672 

in. 
4-67 
4-08 

i*74 
4-98 
3-24 
1-49 
3-05 

'94 
2-98 

3*5 
i*43 
3*4* 

in. 
10'  1 1 

3-60 

2'OI 
1*92 
3-46 

5**4 

5*33 

11-19 

4-46 

9^5 
10*05 

in. 

7*35  ; 
7-56 

3-46 , 

7-79 ' 

2*12  ■, 

June 

2'lS 

July    

c-oS  ' 

"J    

August  

September  ... 

October 

November  ... 
December  .. 

3*5  ' 
5*7 
4'99 
199 

**94, 

Totals 

34*57 

26*02 

3555 

2570 

2571 

25*16 

39*44 

30-23 

56-17 

35-26 

75*97 

54-68 

Division  X. — Northern  ComrriEs  (continued). 

Durham  {continued).       | 

1 

Northumberland. 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Sunderland. 

Allenheads. 

Bywell. 

North  Shields. 

Deadwater. 

Parkend, 
Heihain. 

1ft.  6 in.     ||     Oft.  5 in. 
85  ft.         1      1360  ft. 

0  ft.  6  in. 
87  ft. 

1ft  0  in. 
124  ft. 

Oft.  0 in. 

Oft.  4  in. 
277  ft. 

i 
1 

! 

1 

1866. 

1867.  j 

1866.  [  1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February   ... 

March    

April 

in. 
1-13 

i*43 
2*83 

2*21 
I'OI 

2*04 
1*04 
2*24 

3-66 
•87 

2'00 

i-68 

in.     1 

478, 

•60 

2-31 

1-09 

**57 
1-661 
3-69  1 

2'l8| 

2*241 

ri5| 

•62 
r6i| 

24*50 

in. 
6-8 1 
6*29 
3-25 
4-32 
1-63 
28 1 
4'5* 
5*33 
696 
2-16 
5-64 
7-17 

in. 
6*io 
4-00 
9-10 
673 
2*46 
1-29 
6-05 
2-42 
2*65 
3-25 

1*22 

4*i  8 

in. 

**57 
2-49 
2-58 
3-09 
•86 
1-65 
3*26 
3-82 
324 
1-06 
2*36 

2-21 

in. 

4-07 

3-26 

2-93 

2*1 6 

1-44 
**53 
**54 
2*07 

1-33 

•87 
3*04 

in. 
1-51 

178 
2*47 

i*47 
114 

1*67 
3-70 

3**4 
3-60 

i*57 
2*23 
2-05 

in. 
3-61 
•82 
1*69 
i-88 
2-32 
1-49 
3-20 

»*35 
1-85 
1-07 
•98 
2-34 

in. 
8-40 
6*oo 

3*5o 
3*10 

2-00 

2*00 

6*  20 
5-00 
6-oo 
3-00 
5*20 
500 

in. 
7*00 
3*oo 
3*io 
4*4o 
3-00 
2*50 
5-00 
510 
3*oo 
4-00 

2*00 

3*4° 

in. 
5*5o 
3*59 
225 
2-67 
1*39 

2-82 
4-18 
3'22 
5-02 
I-87 

488 
4*44 

in. 
5*4° 
2-47 
151 

VIA- 

May 

»-i3 
r|i 

3-83 
4*20 
z-36 
i-«5  1 

1-71  j 

June   

July    

j    

August    

September ... 

October 

November  ... 
December  ... 

Totals 

22*14 

5689 

49*45 

29*19 

*7*55 

26-43 

23  60 

55*4o 

45'5o 

4183 

a8-53  | 

300( 

ne 
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Division  IX. — Tobksiiibi 

(continued). 

Div.  X. — NobthbbnCo.'s. 

York. — East  Biding,       i 

York. — North  Riding. 

Durham. 

Beverley 
Boad,HulL 

Holme,  on    1 
Spalding 
Moor. 

Malton. 

Beadlam 
Grange. 

Scarborough. 

Darlington. 

Stubb  House, 
Winston. 

Oft.  i) in. 

3  ft.  10  in. 

3  ft  0  in.     [    1ft.  0  in. 

0  ft.  6  in. 

1  ft.  0  in. 

4  ft. 

Oiru 

11  ft. 

30  ft. 

73  ft 

192  ft. 

18( 

)ft. 
1867. 

140  ft. 

4o8ft 

1866\ 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in.      i  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

i*5i 

2*84 

i'45 

224'      *'3" 

3*10 

**47 

393 

i-65 

4-41 

3*47 

5"5o 

2*64 

2*96 

1-96 

1*09 

2*02 

123 1     229 

I'Ol 

2*90 

1*24 

176 

•81 

i'59 

186 

216 

i*34 

172 

r86 

1-62 

167  |    234 

177 

2*48 

165 

1-89 

152 

378 

4*60 

2*30 

192 

•85 

2*45 

•94 

3'i3 1      "*35 

386 

1-15 

378 

2*21 

176 

269 

392 

2*24 

2*27 

i*33 

■'47 

•91 

1-28  ! 

•82 

1*97 
1*89 

"'37 

'74 

9' 

252 

1*20 

372 

•67 

2*16 

340 

r38 

2*63 

2  09 

2-87 

2*22 

""53 

*55 

1-84 

2-87 

263 

272 

108 

274 

3*12 

3*01 

3"5o. 

385 

436 

4l6 

3-28 

3*co 

442 

5*94 

411 

373 

2*65 

5''7 

2*02 

3-03 

4*o7  |    3'46 

3*37 

4-13 

4**5 

586 

2'40 

362 

4'5i 

267 

2*07 

5*34 

1*69 

3-89 

215   |    478 

2*28 

3*95 

251 

3*4* 

2*6o 

724 

260 

483 

128 

2*50 

2*09 

2-51 

172  J     278 

1*69 

2*53 

1 -92 

2*8o 

329 

2*69 

1*5 

1*12 

1*03 

275 

r36 

259 

i*37  (|    *'*8 

1*27 

2*16 

132 

^75 

•89 

1*92 

119 

1*99 

o*oo 

"'93 

273 

1  95 

2*35  |    249 

2*49 

2*49 

1-19 

214 

287 

1*70 

4*30 

2*26 

189 

3*'*o 

24*10 

2655 

■■  "■  —  1 
26*80 , 

31*62 

29*06 

32*01 

2834 

3*'44 

*9'33 

3871 

40*79 

2933 

20*65 

Division  X. — Northebn  Counties  (continued). 


Northumb.'d 
(continued). 


Lilburn 
Tower, 
Alnwick. 


6  ft.  0  in. 
290  ft. 


M56.     1867. 


in. 
2*46 

3'o9 
367 

2*00 
I'OI 

•37 

5*26 
3*35 

2*IO 
1*21 

3*10 
194 


30*06 


in. 

474 

•82 

2*32 

2-44 

"77 
1*50 

5**7 
i*55 
1-62 
124 
•26 
3*i8 


26*61 


Cumberland. 


Stonethwaite, 
liorrowdale. 


Oft.  6 in. 
330  ft. 


1866.    1867. 


in. 
1909 

14*54 

7-92 

4-84 

3*4© 

57o 

5'6o 

io*86 

17-83 

7*69 

14*04 

19*60 


131*11 


m. 
865 

11*52 
675 

12*87 
2*84 
384 
8*30 
6*83 
985 

10*97 
171 
7*i4 


Seathwaite. 


lft.  0  in. 
422  ft. 


1866.     1867. 


25*99 
19*17 
13*05 

S'97 
5*06 

657 
1118 
12*69 
21-35 

9*62 
23*08 
25*39 


91*27  179*12 


m. 

15*66 

17*05 

832 

16*92 

5*^5 
490 
10*43 
13*05 
12-47 
13*67 
*'55 
*3*°4 


I33'3i 


Whinfeil 

Hall, 

Cockermoutli. 


2  ft.  0  in. 
266  ft. 


18G6.     1867. 


in. 
969 
6*o8 

3'83 
1-89 

2'0O 
2*72 
4-36 

5*37 
911 

3*58 

7*97 
6-88 


6348 


in. 

5*12 

3-66 
2*37 
5"5» 
238 
165 

477 
4-27 
6*27 

5'53 
•84 

4'35 


46*73 


Keswick. 


1  ft  0  in. 
270  ft. 


1866. 


in. 

10*65 
699 
5*02 

2-85 

1*04 

2-38 

5-00 
7*10 
7*96 

3'57 
8*95 
9*30 


70*81 


1867. 


5*97 
570 
3'5i 
7*10 
289 
174 
6-17 
2*59 

4*35 

6*40 

•92 

4*80 


52*14 


Cockennouth. 


0  ft.  6  in. 
158  ft. 


1806. 


8-56 

4*44 
2*44 

I'OO 

1*96 
2-48 
4'5' 
345 
6*91 

2*55 
6*89 

5-53 


1867. 


in. 
430 
332 

•**53 
4*72 

i*59 
i*6o 

3*37 

3*67 
5'05 
4'3i 

I'OI 

3-88 


5077     38-35 


Mire  House, 
Basseuthwaite. 


0  ft.  7  in. 
310  ft. 


1866. 


m. 

i°'43 
5*72 

3*39 
2*09 
189 

2*52 

533 
5*30 
8*20 
2*95 
7*8i 
6*90 


62*53 


1867. 


in. 
4*88 
4*53 
*73 
535 

2*21 
1*62 

4*25 
2'50 

5*^5 

4*68 

•86 

4*01 


42-87 


462 


EEPOET 1868. 

ENGLAND  AND  WALES. 


Division  X. — Northern  Couhtibs  (continued). 


Cumberland  (continued). 

Westmoreland.                                     1 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Silloth. 

Scaleby, 
Carlisle. 

Kendal. 

Lesketh  How, 
Ambleside. 

The  How, 
Troutbeck. 

Edenhall, 
Penrith.       1 

3  ft.  0  in. 
28  ft. 

0  ft.  8  in.     1 
120ft.        i 

4  ft.  6  in. 
149  ft. 

3  ft.  0  in. 
200  ft. 

lft.2in. 
470  ft. 

1  ft.  0  in. 
320ft.? 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February    ... 

March    

April 

in. 
469 

3*4* 

i*39 

•84 

i*37 

2*20 

3-60 
3*55 
5'3i 

2*07 

4*33 
399 

in. 
**53 

2"OI 
•63 

2*8o 
218 

I-20 

277 
2*6l 

3-84 
298 

'9* 

2'Ol 

in. 
364 
3-20 
r86 

•94 
1*30 
1-84 
3*4* 
3*97 
5J4 
170 

3*9° 
3*39 

in. 
3-63 
2*14  1 

-81; 
4-07 

2*02 

i'4»  1 

3*47! 
'•35, 
a*93  . 

270  1 
'20  | 

2'33j 

27*06  1 

1 

in. 

7*33 
616 

3*53 
r6i 
1*86 

3-01 
3-17 

5'22 

9*77 
2*92 
8-39 
7-42 

in. 
656 
5*3 

2*11 
576 
2*42 

2*17 

3*79 
3*49 
5-22 
5*oo 
•67 
4-89 

in. 

1390 
10-92 
6-94 
2-97 
2-36 
382 
4*26 

7*97 
13-93 

4'95 
1378 
14-01 

in. 
10-78 
1155 
397 
9#oi 
346 
172 
439 
59' 
6-45 

974 
1*62 
7-96 

in. 

12*40 
9*5' 
575 
3-21 
193 
3*55 
4*5o 
653 

1448 

5*93 

15*00 
1590 

in. 

12*14 

u-66 

5*43 
1353 

401 

177 
4-06 
4-48 
6-44 
663 

74 
604 

in. 
528 

375 
185 
i*6o 

1*35 
165 

3"5 

3*45 
5"7 
1-85 

377 
3*88 

in. 
1-50 
a-60 

1*70  , 
3-8o 

*75 
165 

4*i° 

**40. 

270 

2*50 

no 

**io 

May    

June  

July    

J     

August   

September  ... 

October 

November  ... 

December  ... 

Totals 

3676  1  2648 

3430 

60-39 

47*3 » 

99-81 

76-56 

98*69 

77*83 

3675 

»7*9o 

Division  XI. — MomrouTH,  Waxes,  and  the  Islaotw  (continued.) 


Pembroke. 


Height  of 

Bain-gauge 

above 

Ground 

Sea-level 


January     ... 
February   . . . 

March    

April 

Mmv    

Juno  

July    

August   

September . . . 

October 

November  ... 
December  ... 


Totals 42-53 


Pembroke 
Dock. 


4ft.  Oin. 
30  ft. 


Haverford- 
west 


186 


in. 
544 
3'83 
4-24 

2*02 
"*55 

i*93 
i'55 
*'45 
792 

*'45 
4*06, 

509t 


1867. 


B 


2 ft.  Oin. 
00  ft. 


1866.    1867. 


7*9° 
5*4' 
539 

2*21 
I*36 

3*97 
r56 
5*co 

9*5* 

2-74 

5*24J 
4*68 


7*i  1  | 

5*97 

5*68 

778 
4-14 

7i 
3*01 

3*45 
3*54 
3  54 
2*21 

373 


54*97  I  55-87 


Cardigan. 


Lampeter. 


5ft  Oin. 
420  ft. 


Frongoch. 


18(56.    1867. 


m. 

776 

5*57 
5*30 

'35 

•83 
4-09 

i'59 

397 

10*54 

^•33  I 
4*03 

3'5° 


m. 
5-68 

279 
2*89 
4*67 
*74 

75 
5*'4 
1-36 
316 
811 

'95 
4*39 


4  ft.  0  in. 
885  ft. 


1866.    1867. 


1075 
5-22 
521 
•98 
2*09 
894 
303 
573 
813 

3*^5 
508 
633 


in. 

778 
4*50 

173 
803 
2*23 
149 
6*io 

3i5 

6*03 

7-83 
374 
4-00 


Brecknock. 


Pen-y-Maes, 


Radnor. 


i-y-Ma 
Hay. 


1  ft.  0  in. 

400  ft. 


1866, 


1867. 


in. 
4-01 
4-26 
3-8i 
2-45 

[«« 

i"53 
3^9| 
6-38 
2-23  I 

175  J 
2-36 


in. 

473 
2*56 

4*23 
321 

f4*H 

1*53  I 
i*93 - 

439  I 

741 

i'35, 


Cefnfacs, 
Bhayader. 


2ft  Oin. 

880  ft. 


1866.     1867. 


50*86  1  4263  J  64741  56'6i  jJ  36*65l  3**68| 


DiyilizuU  by 


* 


in. 

in. 

7-42 

4* 

603 

3*53 

3  93 

4-03 

i*33 

5*93 

118 

3.46 

387 

*55 

2-41 

4'53 

421 

1-24 

698 

2-96 

3H 

5-33 

4*86 

**49 

569 

*"95 

51*05   40*96 


oogle 
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j  Division  X. 
(continued). 

Division  XL- 

— Mowcouth,  Waxes,  and  thb  IsuufDs 

j   Westmohe- 

Mofmouth. 

Glamorgan. 

Carmarthen. 

i  land  (cont). 

1      Appleby. 

Abercarn. 

Blaina, 
Tredegar. 

Abergavenny. 

j     Swansea. 

1 

1 
Carmarthen. 

Rhydwen. 

1  ft.  0  in. 

1  ft.  0  in. 

Oft.  9 in. 

1ft. 

3  in. 

i    16ft.  Oin. 

Oft.  5in. 

1ft.  Oin, 

442  ft. 

450  ft. 

110 
1866. 

Oft. 

220  ft. 

30  ft. 

78  ft. 

150  ft. 

1866. 

1867. 

1866. 

1867. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

66o 

489 

8-92 

7*95 

896 

8-32 

586 

6*oo 

4*21 

4-12 

5*59 

5*i7 

7-38 

653 

3'2I 

234 

7*07 

4*28 

7-42 

5*4* 

4-07 

2*83 

3*3* 

251 

476 

3*12 

411 

5*44 

i-66 

241 

3*4 

5*34 

4'37 

491 

4'*3 

4*45 

2-67 

2*56 

4*82 

3*37 

493 

4-30 

i'97 

4*47 

3*30 

5-03 

3*43 

5'5» 

2*21 

3*00 

1*43 

3'6o 

1-85 

448 

1*63 

5'64 

•86 

2*l8 

i*o6 

470 

i*8o 

6'oo 

77 

5**5 

•66 

3-04 

1-28 

3-90 

in 

285 

2*24 

i-6o 

3*59 

1-46 

413 

144 

3*26 

76 

2*25 

1*07 

4*35 

•66 

2*83 

*45 

*75 

4*5' 

162 

5''3 

2-08 

3*86 

1-27 

3*20 

•89 

r87 

•95 

231 

•51 

2*18 

4-64 

*'93 

4*51 

176 

4*5 

185 

270 

•81 

3-5* 
»-37 

1-91 1 

6*oo 

2*50 

441 

1-94 

577 

2*60 

13*39 

3'3i 

984 

3*95 

7-8 1 

179 

2*05 

7*92 

3-40 

7*86 

37i 

173 

3*55 

374 

5*20 

2*92 

6*37 

274 

4'27 

1*53 

5*5°, 

2*31 

7-03 

**33 

772 

3.46 

•66 

3'4i 

I'I2 

3-25 

235 

r36 

1*04 

1*38 

i'54 1 

4*36 

152 

4-67 

151 

4*47 

2'4> 

6*oo 

276 

577 

r8i 

*"43 

i*43 

I     291 

2*36 

4-05 

458 

4-23 

379 

39*36 

3455 

6045 

4804 

5822 

5186 

3861 

34'83 

33-20 

32-13; 

48*24 

42*04 

46*00 

46*06 

Division  XI. 

— Monmoitth,  Waxes,  and  the  Isxands 

(continued). 

Flint. 

DeNBIGII.      ! 

Merioneth. 

Carnarvon. 

Isle  of  Man. 

Haw* 

irden. 
Oin. 

Maes- 
Holy 

1 

y-dre, 
well. 

Oin. 

Llandudno. 

- -  —  1 

Oft.  6 in. 

Brithdin, 
Dolgelly. 

1 

Plas  Brereton, 
Carnarvon. 

Llanfairfe- 
chan. 

Calf  of  Man. 
t 

Oft.  10  in. 

1ft. 

5  ft. 

1  ft.  0  in. 

1  ft.  0  in. 

Oft.  8in. 

268  ft. 

400  it. 

99  ft. 

500  ft. 

25  ft. 

150  ft. 

.325  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

2*36 

2-87 

•39 

2*30 

3-60 

362 

10*60 

6-90 

6*12 

5*09 

579 

421 

293 

315 

2*88 

1*36 

1*30 

1*56 

3*'5 

i*75 

4-06 

2-13 

3'64 

1-99 

4*39 

2*26 

2*04 

•89 

i*8o 

2*29 

•63 

no 

i*73 

2-02 

586 

3'4» 

2*72 

2-28 

3*74 

2*77 

1-69 

*'53 

•82 

3*36 

1*42 

2*70 

*44 

3-14 

115 

7*12 

1-05 

3*85 

*57 

4-ib 

•63 

1#54 

•98 

183 

1-40 

1*44 

1-50 

i*6i 

1-97 

3*31 

2*OI 

1*42 

2*56 

i'b7 

•63 

1*15 

2-85 

73 

348 

•61 

3*86 

*39 

5'*3 

'95 

5*37 

•76 

4*80 

*53 

2*59 
i*68 

•36 

2*49 

4'49 

2*34 

424 

175 

5-26 

!     2-68 

7-60 

,       '85 

3'63 

1-99 

5-32 

3-13 

3*°3 

111 

3"54 

1*08 

2-89 

1*26 

'     5*85 

'93 

i     3'o8 

2*09 

**45 

I  -21 

2*28 

1*97 

5*53 

1*34 

5*55 

1-74 

5*i6 

2-30 

'     8*96 

3*53 

7*97 

377 

6*66 

2-59 

2-26 

1-64 

J '43 

3*99 

i'47 

3-68 

2'IO 

4*97 

1     3-08 

9*91 

214 

5*35 

2*08 

57i 

i*43 

2*77 

3*01 

1*07 

3*4i 

i*54 

4*22 

1*12 

j     6*68 

174 

3-83 

1*69 

4*37 

1-47 

3*26 

•82 

2*04 

2*97 

2*CO 

278 

3''5 

4*54 

1     5*59 

1 

611 

3-91 

3*68 

4' 3 

2-96 

1      2*22 

2*27 

29*82 

27*41 

26-93 

24-77 

S  33*55 

31-98 

61*71 

53^4 

|    42*69 

35*60 

43*53 

Jiaitized  1 

34*86 
wVra 

1    23*64 

J 

21-92 
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Division  XI. — Mokmouth,  Wales,  aot  the  Islands  (continued). 

Div.  xn.— 1 

S.  Coukties. 

Islr  of  Maw  (continued). 

1 

|                    Channel  Islands. 

WlGTOK. 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Douglas. 

Point  of  Ayr. 

|    Guernsey. 

Millbrook, 
Jersey. 

Alderney. 

S.  Cairn, 
Stranraer. 

Oft.  3in. 

3ft4in. 
27  ft? 

12ft.  Oin. 
204ft. 

Oft.  6  in. 
50  ft. 

10ft  Oin. 

48  ft. 

Oft.  4 in. 
209  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January     ... 
February   ... 

March    

April 

in. 

8*20 
5*20 

3*4° 
1*30 
roo 
270 
270 
3-80 
670 
2*90 
7-40 
7*5° 

in. 
4*  60 
4'3o 
3*4© 
5'5o 
280 
•60 
3*10 
3-50 

3*5o 

590 

•90 

5*5© 

in. 
382 

277 
3*00 

*44 
1*27 
249 
2*42 
266 

4'47 
r56 
3-86 
3*43 

in. 
170 
1-15 
1-09 
3*02 
2*67 

•36 

4*97 
2*90 
2-26 
378 

**39, 

in. 
7*91 

578 
2-49 
2-17 
2*46 
161 
1-63 
376 
9.39 
129 
270 
3-23 

in. 
5-48 

2*2 1 

6*44 
2*07 
2*23 

'*! 

4*i  8 
ro6 
391 
429 

3-48 

in. 
411 

3*3° 
2*67 
172 

1*21 
2*05 
177 

3-68 
776 
•82 
2-49 
3'5i 

in. 
4-46 
2*97 
5**5 

2*00 

I-65 
I-I2 
4-56 

r66 

1*07 

4*93 
2*69 
2-31 

in. 
411 
3-30 
2-67 
172 

1'2I 
2*05 
177 

3-68 
7-76 
•82 
249 
3*5* 

in. 
4-46 
2-97 
5'5 

2*00 

i-6j 

I'll 

4-56 

i-66 

ro7 

4*93 
2-69 
2-31 

in. 
635 
3*60 
4-40 
170 

*"55 

3-05 

4'35 
5*5o 
580 
3-10 
6*oo 
47o 

in. 
4*35 
335 
215 
660 

May    

4*5 
i-8o 

June  ......... 

July    

August   

September  ... 

October 

November  ... 
December  ... 

57o 
465 
5*05 
6*co 
265 
4'4c  ' 

Totals 

5280 

43-60 

32-19 

26-85  | 

44*4* 

37-07 

35-09 

34*57 

35-09 

34'57 

50-10 

50-85 

Division  XIII. — Sotjth-Easteen  Cototies  (continued). 

Berwick. 

Haddington. 

1                         Edinburgh. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Tbirleatane. 

Tester. 

East  Linton. 

1 

Glenoorse. 

1 

Inveresk. 

Charlotte-sq., 
Edinburgh. 

Oft.  3in. 
568  ft. 

1ft.  Oin. 
425  ft 

Oft.  3in. 
DO  ft. 

Oft.  6 in. 
787  ft. 

2ft.  Oin. 
60  ft. 

0ft6in. 
230  ft 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

i86a 

1867. 

January     ... 
February   ... 

March    

April 

in. 
4-50 
3-80 
7*9° 

1-20 

75 
r5o 
2-70 
3 '60 
2*40 
2*30 
2*90 
3-10 

in. 
6-70 

165 

1-60 
2*60, 
r8o| 
1*50: 

4'20( 

roo1 

2-00 

1-50. 

'5°| 

2*20 

in. 

3*45 
3*8o 

2'6o 
2*20 

J'95 

2*2C 

2-60 

365 

t     2>I5 
3*9 

|     3*17 

in. 
375 
*'35 

4-17 

3'4<> 
277 
3*20 
6-25 
4-50 
215 

2*05 

in. 
2*06 
2*30 
2-1 8 

I'OO 

•68 

•84 

396 

2*1 6 

2-04 
1-08 
1-98 

1*22 

in. 

4*3  * 

•70 

1-29 

1-19 

i*44 

1-44 

696 

•96 

#95 

73 

•33 

I'OI 

in. 
4-28 
4-60 
r8o 

2*20 
2*CO 

1-25 
1    4-80 

375 
3-65 
1-50 
3*55 
5'' 5 

in. 

£ 

0 

in. 
214 

3**4 
208 
1-89 
1-50 

I-02 
4-52 

3'58 
2*69 
i-io 

2-57 
»75 

in. 
4-03 
2*30 
i-8o 

3*35 
2-85 
2-52 
6-23 
244 
149 
2*32 

•63 
115 

in. 
2-49 
3-50 
185 
i*37 
1*50 
1-27 

3*34 
273 

**45 
1-23 
271 
2*29 

in. 

rfa 

1-68 
1*17 
271 
3*71 

2*8c 

568 
2*64 

J*53 
150 

74 
1-26 

May    

June  

July    

August  

September ... 

October 

November  ... 
December  ... 

Totals    

3665.  2725,,     ...     |     ... 

21-50  j    21*31 

3«*53 

28*98 

31*11 

2673.   31-04 

\ 

7T50  t*y**v. 

j(JO( 
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Division  XH. — Southemt  Counties  ( 

[continued). 

Division  XIII. — South - 
Eastebn  Counties. 

KIRKCUDBRIGHT. 

J                           Dumfries. 

Selkirk. 

1     Peebles. 

Little  Boss. 

Slogarie, 
CastleDouglas. 

1 

1      Cargen. 

Drumlanrig. 

Wanlockhead. 

Oft.  4 in. 
1330  ft. 

1866. 1  1867. 

Bowhill, 

Selkirk, 

1           N. 

Eek  Reservoir, 
(    Penicuick.    , 

3  ft. 

3  in. 

>ft. 

0ft.6in. 
800ft       | 

1     0  ft.  3  in. 
80  ft. 

4  ft.  0  in.     | 

:>37ft.     ' 

1866. 1  1867.1 

*  Oft.  6in. 

13( 

191  ft. 

1150  ft. 

1»66. 

1867. 

I860. 

1867. 

!  1866. 

1867. 

1806. 

1  1867. 

1866. 

1867. 

in. 

in. 

in. 

in.     | 

in. 

in. 

in. 

in. 

in.      |    in. 

in.      1   in.      ; 

in. 

in. 

4**3 

228 

6-54 1 

964 

4*00 

10*50 

7-80     1306  j     6-23 

638 !  3-65' 

510 

4'i  5 

1-83 

2-30 

4-85 

443 

2*36 

5*50 

7-9o|     5-56      643 

4-60,  1-97 

455 

3*45 

2*00 

•90 

335 

3'34 

2-34       3-40 

4*  10'     486       3-49 

1S9    243 

2-05 

1 -05 

77 

2*67 

2;8i 

6-66 

1-28 

3-64 

170 

8-50.     3*36!     6-26 

riol     2*88 

2*30 

05 

1-24 

2'20 

254 

2-91 

r36 

'97 

1-50 

3-80      1-521     r95 

*'5»|     »'59, 

2-25 

2*70 

I'll 

•95 

375 

2*62  | 

2-46 

ro6 

2*50 

2*50      2-48      3-74 

1*50 1     1-57! 

I'55 

215 

3*'7 

179 

3*3' 

409 

3*54 

3*02      2-50 

5-40      3-83!    4-40 

316  j     5*i8 

375 

510 

2-23 

1*91 

643 

479 

3*54 

2*56      4*10 

4*00  '     6*66 1     4-43 

365 1     3-68| 

r*5 

2-05 

4*5° 

r36 

8*00 

4*02 

644 

396 

6*70 

4-00 1     7-85'     6*13 

376;     1-96 

285 

2*70 

'75 

3'6o 

835       662 

3*50 

37i 

3-50 

5*8o(     471 

7*87 

179!     2*97, 

2-25 

*45  , 

344 

•37 

6*12 

1-25 

568 

•46 

440 

no      4-86 

159 

1-40 1       -251 

395 

75; 

**33 

1-32 

806 

422 

4-96 

2*02 

590 

3-60'     834       613 

*'45  j     »*25 

45° 

2*70 

Z870 

21*65 

... 

5192 

50-17 

31*10 

52*20 

58-50,  66*89  1  58*65  1 

33*19  I    3138 

3895 

33'5o 

Division  XIV. — South- Western  Counties. 

Laxark. 

1 

Ayr. 

Newmains, 

Aucbinraith, 

Glasgow 

Hill  End 

!      Girran. 

! 

Auohondrane, 

CastleDouglas. 

Hamilton. 

Observatory. 

House,  Sbotk. 

Ayr. 

Oft.  2 in. 

4  ft.  9  in. 

Oft.  0 in. 

Oft. 

3  in. 

7  ft.  0  in. 

Oft. 

6  in. 

2  ft.  3  in. 

783  ft. 

lflO  ft. 

200  ft. 

230  ft. 

020  ft. 

1   15 

ft. 

94  ft, 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1860. 

1867. 

!  1800. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

,   in. 

in. 

in. 

in. 

1056 

5-66 

4*33 

2*85 

7-61 

3-98 

6-76 

4*1 8 

4-46 

1*98 

,   10-30 

3-60 

8*30 

428 

5'9- 

4*57 

370 

293 

6(6 

3*43 

5**9 

3*39 

3*i6 

318 

5-08 

3*6o 

5-30 

3*94 

2-40 

2*46 

105 

I*C2 

1*91 

i*6i 

i*6i 

i-88 

1*33 

'9* 

j     618 

1     j-oo 

2-30 

213 

1-07 

179 

+-<>5 

1-60 

3*5 

1-49 

5*12 

1*67 

5*3i 

1*20 

3-27 

578 

77 

464 

131 

2*02 

1-28 

2'00 

1-36 

3*46 

181 

3-41 

1-65 

2-50 

1-85 

2*20 

194 

1*58 

2*42 

2*02 

182 

i*6o 

2*22 

2*30 

2-49 

2*72 

1-19 

2-70 

:    *-35 

2*20 

2-17 

3'22 

3'59 

5-J6 

375 

4-12 

4*00      4-78 

5*3' 

5*97 

3*93 

3*34 

1     3*<>5 

5*70 

3"2? 

5-48 

1     3'oo 

214 

3"5o 

2-72 

5*45 

5*n 

4-50 

4-46 

3*74 

3*39 

5-03 

3*oo 

486 

3«2o 

446 

4*45 

3*4 

2-83 

5^7 

373 

6-29 

4-23 

4*37 

3*35 

I     5*50 
[     2'6o 

3*5° 

5*91 

4*33 

3M 

39 1 

i*6o 

363 

3*07 

4*65 

2-58 

4*8 1 

1  94 

3-08 

5-23 

2*65 

5-iS 

I   s-" 

95 

294 

78 

4*39 

1-26 

482 

I#55 

3*5* 

-6$ 

6-90 

2*48 

6-17 

1*09 

I     7"°* 

3-88 

478 

2*04 

6-oi 

4-88 

619 

3*50 

4-40 

265 

;    5'2o 

3*co 

632 

4-10 

1 

50-78 

41-87 

34"  19 

29-77 

49'34!  44*33 

1 

49-32 

45*4' 

34-89 

31-03 

1       , 
55'64 

4**59 

49-84 

42*1 1 
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Division  XIV. — South- Western  Counties  (continued). 

Division  XV. — West 
Midland  Counties. 

Ayr  (continued). 

1                           Renfrew. 

DUMBARTON. 

Height  of 
Eain-gaugo 

above 
Ground  .....*? 
Sea-level 

Mansfield, 
Largs. 

Nither  Place, 
,       Mearns. 

Kilbarchan, 
Paisley. 

Greenock. 

Balloch 
Castle. 

Arddarock, 
Loch  Long. 

OftOin. 
30  ft 

Oft.  5 in. 

I        350  ft. 

0  ft.  8  in. 
350  ft. 

0  ft.  6  in. 
50  ft. 

0  ft.  4  in. 
90  ft 

lftOin. 

80  ft 

1866. 

1867. 

1866. 

1807. 

1866. 

1807. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February  ... 

March   

April 

in. 
9*oo 
5-30 

3*9° 
1*90 
170 
2*60 
270 

6*20 

5*60 

43o 
5-00 
6*50 

in. 

37o 
3-60 

270 

7*3° 

in. 
1     8*38 
5'*5 

!    2-25 

1        I'CO 

in. 

4*63 
612 

1-38 
7-00 
312 
1-38 

463 

5**5 
6*co 
1*62 
4*5° 

in. 

I2"20 

8-05 
2*80 

2*20 

r8o 

in. 
6*50 
6*oo 
1*40 
790 

*T7C 

in. 

12-55 
954 
4"'  5 
»#45 
1-97 

3*5° 
3^5 
7-25 
8-04 

5*62 
972 

in. 
8-93 
6*31 

2*93 
8*io 
4-12 

272 

55' 
4-42 
512 
7*82 
1-84 
4*62 

in. 

9'22 

778 
3*10 
1-84 
r5o 
2*83 
445 
7*37 
6*oo 

4*21 

5'66 
7-63 

in. 
476 

483 
2*60 
6*30 
3*60 
172 
390 
535 
493 
55° 

2*20 

4'3* 

in. 
14*00 

9*44 
6*04 
5-02 
2*50 
2*03 

316 

10-27 

lO'IO 

4-81 

9-00 

12-98 

in. 
7*34 
8*57 
4*42  1 

982  • 

May  

3-40|;     r87 

2*lO    |       2*00 
2*QO    i        C7C 

356 

June  

3-00  1     2 '60 
4*50 1     coo 

338 

July   

4*4" 

August  

September.. 

October 

November ... 
December  ... 

4'40 
350 
4*90 

i*6o 
3*9° 

5*00 
6-50 
3'*5 

;   538 

1 

690 
870 
6"oo 

7*55 
10*50 

5*4° 
6*30 
7-30 
1-40 
570 

5*47 

5*5* 
8*89 

2*5* 

6-49 

Totals 

5470 

4400 

!  54*»5 

5°75 

74-20 

60*15 

73*91 

6244I  61-59 

50*00 

89*35 

70-50 

Division  XV. — West  Midland  Counties  (continued). 


Argyll  {continued). 


Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Castle  Toward. 

Kilmory, 
Lochgilphead. 

Fladda. 

Inverary 

Castle. 

Lismore. 

Hynish.      . 

4  ft.  0  in. 
80  ft. 

0  ft.  4  in. 
100  ft 

Oft.  6 in. 
20  ft.? 

OftOin. 
30  ft. 

3ft.  4in. 

37  ft. 

OftOin. 

| 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866.  |  1867.' 

January 

February  ... 

March    

April 

in. 

10*26 
5*88 
3*82 
r8o 
2*04. 
2*42 
r69 
834 
7'3o 
383 
584 
863 

in. 
55* 
5*9' 
i*93 

7*22 
4*36 
2*64 

3*66 
4*23 
5*5* 
7*89 
i*33 
482 

in. 
10*90 

8'20 

4*30 
2*50 
i*8o 
3*10 

3*4o 
6*40 
8-6o 
580 
7-10 
11*30 

in. 
6*50 
7-60 

2*IO 

9-10 
3-10 
2-80 
4*10 
4*30 
5-50 
9*60 
3*7© 
680 

in. 
11*50 

6-40 
7*50 
2*40 
2-90 
4'8o 
5-10 
890 
990 
6-90 
8*90 
io*6o 

in. 

7*30 

7*9° 
190 

I  I'OO 

3-00 
4*30 
3-30 

?25*50 

?n-5o 

'I580 
670 
9*10 

in. 

I2'00 

6*oo 
4-00 
3-00 

I'OO 

3*oo 
3-00 
800 

lO'CO 

5-00 

800 

14*00 

in. 
8-oo 
8*oo 
3*00 
9-00 

I'OO 

4*00 
3*oo 
600 
5-00 

IO'OO 

3-00 

8*oo 

in. 
7*88 

5'3 
2-80 
172 
1*69 

i'45 
3*10 
6*41 
831 
4*13 

453 
668 

in. 
4*86 
5*01 

•85 
6-06 
297 
**33 
3'9° 
519 
3*42 
7'»4 

I-2I 

344 

in. 

15*47 
803 
561 

3*01 
i*86 

*'37 

2*82 

3*60 
7-08 
4*88 
9-28 
147 1 

in. 

6-50  j 
5*3= 
**3» 
7*99  t 
2*65, 
a*82  , 

Hay  

June 

July  

3*47' 
641 
2*46  . 
1 176 

3*3* 
7*5* 

August  

September... 

October 

November... 
December  ... 

Totals 

6385 

5503 

73-40 

6520  |  8580  107*30? 

77-00 

6800  [  53-83  |  46*38  1  787*  i  61-56 
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Division  XV.— West  Midland  Counties  (continued). 


Stirling 


BUTS. 


Argyll. 


Polmaise, 
Stirling. 

Ben  Lomond. 

1 

1      Pladda, 

i 

Deraar, 
Campbeltown. 

Rhinna  of 
Ialay. 

M'Artbur'g 
Heed. 

Sfconefleld. 

1  ft.  0  in. 

Oft.  6  in. 

,     3ft.  6in.     ! 

'     3ft.  4in. 

3ft.  Oin. 

0ft.4in. 

1ft.  3in.     1 

12 

ft 

1800  ft. 

1        53 

ft.         ' 

75  ft. 

74  ft. 

106  ft. 

90 
1866. 

ft. 

1806. 

1867. 

1866. 

1867. 

J  1866. 

1 

1867. ' 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1867. 

in. 

in. 

in. 

in. 

in. 

in.     ' 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

540 

4' 80 

11*10 

I** 

697 

i'44| 

9-67 

421 

5-22 

318 

12*50 

580 

13*40 

7*40 

6-50 

380 

4-20 

M 

436 

370 

519 

2-80 

4*57 

3'94 

2*92 

870 

790 

8*6o 

820 

3*50 

1-50 

8*90 

fiLB 

2-38 

I#20, 

2*26 

2*lO 

in 

400 

i*9e 

5-00 

2*IO 

2*00 

6  00 

5*20 

Jw 

I     Ia9 

634 

1 89 

5'3? 

95 

3*93 

2-50 

9*20 

268 

10*30 

•80 

3*60 

2*30 

4*10 

!     i*44 

2*86 

216 

*'39 

2-15 

2' IO 

3  "60 

2*50 

3'5» 

a*oo 

2*20 

5'5o 

4*20 

■      2*02 

2'00, 

2*46 

2*67 

1*7 

1-86 

2'6o 

3*50 

3*45 

2*22  1 

a*8o 

3*6o 

5*60 

7-3o 

1      *'04 

556 

2-86 

368 

2*29 

286 

5*70 

4*30 

4*20 

380  1 

450 

3-50 

13*20 

8-90 

<      4-96 

3*20| 

586 

2*65 

3'55 

318 

9#2o 

5-30 

9*00 

4'22i 

4.70 

2*80 

13*80 

9*60 

|      5*40 

;    181 

4*99 ! 

6*48 

353 

421 

142 

9-90 

480 

9*20 

r«5 

3*50 

5*00 

7-9o 

14*60 

535 

179 

6*68 

2*91 

5'3i 

4-40 

11*40 

6*30 

11*94 

3 '20 

no 

850 

3*10 

j   4*90 

I'OO  | 

5*08 

2*52 

53« 

1*12 

8*oo 

*'6o 

8*30 

2'3° 

5'6o 

2*50 

1390 

7-30 

1    6*59 

*'94, 

6*02 

4*53 

5-10 

*74 

I  I'OO 

7*20 

13-38 

8*4o  | 

4*'5° 

40*40 

IOO'IO 

... 

1  ■ 
44- 16 

40-58  | 

51-67 

44-85 

38*71 

3178 

8060 

6750 

86*01 

7*'55 

Div.  XV.— (continued). 

Division  XVI 

. — East  Midland  Counths. 

Argyll  (continued). 

Clackmannan. 

I 

Kinross. 

Fife. 

1                    '1 

Perth. 

Corran, 
Loch  Eil. 

Ardnamiuv 
chan. 

Dollar. 

1 

0  ft.  4  in.     , 

Loch  Leven 
Sluice. 

1                     ' 

j      Nookton     , 

Loven. 

KippenrosB, 
Dunblane. 

Deanaton. 

Oft.  4io. 

3ft.  Oin. 

0  ft.  10  in. 

0  ft,  6  in.     ! 

Oft.  4 in. 

Oft 

2  in.     i 

14  ft. 

82  ft.  ? 

17( 
1806. 

)ft. 
1867.  | 

80  ft. 

100  ft. 

13C 

>ft.        | 

.  .    .    . 

* 

1866. 1  1807. 

iso6. 

1867. 

1866. 

1867. 

1806.  j  1807. 

1806. 

1867. 

1866. 

1867.  | 

in. 

in. 

in. 

in. 

in. 

in. 

in.     1   in. 

in.      1    in. 

in. 

in. 

in. 

in. 

»5*75 

6*io 

8*23 

3*50 

3-85 

4-03' 

330  1  t4*oo 

2*80  j     4-11 

5*60 

3*30 

6*96 

4*oi 

12*15 

1130 

3*67 

349 

6*40 

3*88  ' 

430 1     i*8o 

)     4*101     1*62 

5-10 

2-70 

5-91 

4**7 

4-75 

i*6o 

2*78 

71 

378 

2*IO 

3*60,     1*30 

2-02  '     1*18  • 

2*70 

•70 

2*75 

2*07  1 

3-31 

11*50 

1*20 

5-80 

i*8i 

S'7l 

i-Soj     3*30 

1*45]     2*83 

1*40 

3-90 

2*11 

5*53 

2*65 

I'20 

i'37 

i*86 

•85 

3-38 

i#oo|     3*90 

1-50 1     4-47 

•40 

2*  IO 

I'll 

389  | 

2*50 

4'45 

1*39 

2*21 

2*5*} 

3*H 

2'00  j       2*00 

1'35       196 

•90 

O'OO 

2*58 

2"20 

405 

4*20 

4*5 1     *75 

4-04 

4*79 

3-201     4*70 1 

2-87 

649 

i'3o 

3*oo 

3**7 

4'i8  1 

645 

6*io 

3'99       3*34 

6-33 

5*3* 

4*30     3-00 1 

3*42 

2-04 

4-20 

3*20 

6*14 

4.48  1 

lO'OO 

755 

6*6i 

310 

4-08 

335 

4-10'      i^o. 

2*73 

220 

1*50 

1-40 

5*89 

4'7*i 

6*30 

12-55 

4-18 

6*40 

3  36 

516 

3*30!      3'20 

1*89       199 

2*10 

3'20 

3*28 

4*33 

10-55 

1*30 

577 

no 

3-65 

1*29 

3*oO|       '30 

2*12 1       -43 

2*50 

•50 

3*35 

1'22 

1590 

8*45 

756 

319 

6*10 

1  62 

3*80 1     1*70  | 

2-94 1     1*44  j 

510 

1-70 

6*37 

3'*5; 

;  94-36 

76*30 

51x0 

3745 

46-83 

4387  ' 

t 
37-70  I  31*00  t 

29*19  j  30*761 

32-80 

2570 

497* 

44*15  1 

468 
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Division  XVI. — East  Midland  CorjrriBS  (continued). 

Pebth  (continued). 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Loch  Katrine. 

Auchterarder. 

Stronvar,  Loch 
Earn  Head. 

Trinity  Gask. 

Scone  Palace. 

Stanley. 

0ft.6in. 
830  ft. 

2  ft.  3  in. 
162  ft. 

0  ft.  5  in. 
463  ft. 

Oft.  1  in. 
133  ft. 

2ft.  6in. 
80  ft. 

1ft.  Oin. 
200  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January     ... 
February   ... 

March    

April 

in. 

I2*6o 

11*50 
5-50 
570 
1  "90 
370 
4*10 
9*00 
8*6o 
680 
7-50 

12*90 

in. 
6-io 
820 
3*20 

io*6o 
4*00 
3*20 
670 
4*90 
7-40 
9*10 
2*60 
7-40 

in. 
335 
3 '45 
2*80 
2*60 

•65 

2*00 
2*30 

4"99 
5-00 

2*20 
2*30 

4*45 

in. 

n  3*6o 
2*70 
2*35 
4-60 
3*40 
2'55 
5*35 
2*30 
170 
2*85 
•50 
•95 

in. 

H*95 
11*05 
8*67 
5*8o 
i*6o 
392 

3*35 
7*60 

"95 

6*45 

6*25 

1270 

in. 

575 
965 
3*10 
952 
330 
3*20 

6*20 

4'55 
4*00 
9*30 
2*30 
57o 

in. 
510 
3*90 

375 

2*20 

*8o 

2*00 

3*07 

4*55 
5*62 

2*07 

2*IO 
4*76 

in. 
5*86 
2*66 

2'20 
3'46 

377 
3*5° 
3'93 
**3* 

1*26 

2*97 

•28 

1-51 

in. 
3*68 

ii 

in. 

4*o3 
170 
1*76 
1*76 
3*50 

•33 
7*05 
2*95 

'•35 
i*68 

'43 
•62 

in. 
365 
3*08 
2*76 
1-06 
•53 

I*IO 

3*46 
3*60 

3*97 

2*27 

1*79 
3*5' 

in. 

2  05 
2*15 
2*80 

May   

3*23 
1  30 

<*I2 

June  

July    

"  "V    

August   

September  ... 

October 

November  ... 
December  ... 

2*IO 
I*56 

2*55  . 
•31  j 
•93  I 

Totals 

89*80 

73-40 

36*09 

32*85 

94-29 

66*57 

39*92 

337a 

27*16 

3078 

27*93 

Division  XVII. — Nobth-Easteen  Counties  (continued). 

Div.  XVIII.— North-   ' 
Westebn  Coxtnties. 

Aberdeen  (continued). 

Moray. 

West  Ross. 

East  Boss. 

Height  of 

Kain-gauge 

above 

Ground  

Sea-level 

Aberdeen. 

Castle  Newe. 

Tillydesk, 
Ellon. 

Elgin  Insti- 
tution. 

Inverinate 

House, 
Loch  Alsh. 

Cromarty. 

0ft.4in. 
95  ft. 

1ft.  Oin. 
915  ft. 

0ft.4in. 
349ft. 

Oft.  6 in. 
33  ft. 

3ft.  Oin. 
150  ft. 

3ft.  4in. 
28ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867 

January  

February    ... 

March    

April  

in. 
2*24 
2*52 
2*60 
176 

1 -5s 

1*29 
3*26 
2*99 

2*8  1 

2*72 
214 
3'05 

in. 
6*41 
1*37 
2*06 
2*90 
2*48 
119 
2*70 

3*5* 
1*93 

1*93 
•89 

2*39 

in. 
2*30 

3*39 
5*09 
2*06 

2*0G 

i*8o 
2*44 

3*29 

3-i8 

i'59 
2*52 
4*1 6 

in. 

5-67 
1*17 
2*80 
419 
199 
144 
4*12 

1*84 
2*56 

3'54 

•92 

3*08 

in. 

2*11 

4*78 
4*09 

1*73 

139 
2*08 
2*48 
2*62 
3'8 1 
284 
3'36 
3'99 

in. 

11*02 

173 
3*61 

4*57 
i*8o 
1*49 
2*95 
273 
2*39 

2*8 1 

1*39 
3-92 

in. 

i'47 
2*06 

195 

1*06 
1*39 

2*  60 

3-09 
2*85 
2*00 
2*96 

4"35 

in. 
336 

2*00 
2*71 
2*92 
1*75 

2*47 
2*05 
2*04 
2*60 
3*26 
1*15 
2*46 

in. 
1266 

8*02 

3*25 
2*05 
2*07 
178 
4*  10 

5'5o 
9*24 
4*56 
8*56 
12*70 

in. 
2'54 
9*35 
1*05 
5*09 

2*02 

4' 60 

2*21 

370 

8*50 

IO*OI 

2*30 

9*35 

in. 
2*46 
3*12 
1-36 

75 
1*08 
105 
2*83 

2*20 

2*74 

I*IO 

3-17 
3'88 

in. 
4n?2 
1*2$ 

•*H 

2*16 

171 
r36 
1-96 
1*44 
l*8o 

2*6 1 
* 
"So 
1-65 

May    

June  

July    

August   

September  ... 

October  

November  ... 
December  ... 

1     Totals 

28*96 

29*77 

33*82 

33'3* 

35*28 

40*41 

28*77 

74*49 

60*72 

'  257 

.     >  '4 

a  i*4  3 
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i      Division  XVI. — East  Midland 
|              Counties  {continued). 

Division  XVII. — North-Eastern  Counties. 

Forfar. 

KINCARDINE, 

1    Abirdiek. 

Eastern 

Necropolis, 

Dundee. 

Arbroath. 

Montrose. 

The  Bum, 
Brechin. 

Bogmuir, 
Fettercairn. 

Banchory 
House. 

Braemar. 

Oft.  5 in. 

2  ft.  0  in. 

2ft.  Oin. 

0  ft.  6  in. 

Oft.  3 in. 

Oft.  4 in. 

t     Oft.9in. 

164  ft. 

65  ft. 

200  ft. 

237  ft. 

200  ft. 

99ft.        1 

•      1110ft. 

1860. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867.! 

1866. 

1867. 

in. 

in. 

in.        in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in.     | 

in. 

in. 

2*6o 

4-90 

2-57 

5*51 

168 

r58 

3-50 

4*5° 

3-00 

2*80 

4-90' 

3*30 

350 

2*05 

I'OO 

281 

i-i6 

1*90 

166 

3-60 

1*50 

2*60 

2*O0 

1*70  J 

3-89 

2*23 

2*IO 

r8o 

2-38 

1*96 

2-24 

2-33 

4-40 

3*20 

4-50 

3-80 

2'6o| 

330 

366 

•35      210 

1-28 

248 

119 

2*69 

170 

4*20 

no 

i3 
S 

i*6o 

4*00' 

216 

384 

i*co  1     3*60 

*'57 

3*5i 

1-47 

336 

70 

3'oo 

70 

1*30 

3*20 

1*06 

**35 

125 

100 

ro3 

1*37 

132 

1*69 

170 

*"5° 

1*20 

fc 

1-50 

I'lO 

149 

2'OI 

2-75 

7*00 

2*20 

469 

**37 

4-69 

2*20 

5*10 

i*8o 

h 

3*10 

340 

275 

4*83 

**55 

2'00 

215 

278 

2*05 

2*89 

3*00 

270 

2-50 

1 

3*6o 

3*20 

348 

193 

2*  80 

1-50 

3*01 

175 

3*01 

2-17 

3*60 

2*60 

3*5° 

3.30 

2*40 

343 

2'5b 

I*65 

2-05 

2*03 

2*05 

2*91 

2'8o 

3*20 

3-40 

3'6o 

3*00 

2*80 

»*54 

399 

I'OO 

•40 

1*98 

•4* 

224 

•38 

i*8o 

•50 

r6o 

2*40 

1*10 

3*35 

•34 

3*05 

•95 

2*97 

114 

2*41 

141 

3-90 

1*90 

3*oo 

4*  10 

3*00 

371 

1*12 

2375    28*30 

25-98 

2888 

2479 

27-65 

33-30 

34-10 

29*10 

... 

32*50 

33*40 

34>6 

32-36 

Division  XVIII 

. — North-Western  Counties  (continued). 

East  Rosa 

Inverness. 

(continued). 

ArdrossCaatle, 
Alness. 

!     Oronsay. 

Raasay. 

Barrahead. 

Ushenish. 

Cullodeu. 

Island  Glass. 

1ft.  Oin. 

Oft.  6in. 

3ft.  Oin. 

3  ft.  0  in. 

0  ft.  4  in. 

3ft.  Oin. 

3  ft.  4  in. 

450  ft. 

|        15ft. 

80  ft. 

640  ft. 

157  ft. 

104  ft. 

50  ft? 

1866. 

1867. 

!  1866. 

1 

1867. 

1866. 

1807. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

1   in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

3*39 

5*' 3 

9*34 

3*20 

14*00 

6'7S 

67S 

2*69 

6-88 

3*88 

2*42 

5'°7 

2*13 

2*85 

5*22 

3*01 

6*70 

I  I'OO 

8*75 

6*85 

289 

r56 

578 

374 

241 

i-8o 

115 

3*43 

2*86 

2-44 

4'3° 

•90 

3*5 

195 

1*93 

i"44 

3*52 

1*29 

X'29 

•93 

116 

•92 

r56 

4'45 

1*90 

880 

5,05 

4-40 

1-30 

1*89 

1*12 

673 

I'OI 

2*93 

Tl 

5'43 

2*11 

3*3o 

3*50 

2*50 

1*50 

4*10 

-96 

2-02 

1*22 

298 

'•34 

1-59 

•66 

175 

I*07 

2*58 

*'55 

5*00 

2*00 

4*i5 

1-14 

1-99 

I48 

2*27 

•63 

2*38 

•25 

225 

i*93 

3-17 

*44 

4*20 

2*30 

3-05 

2*60 

1*50 

1*44 

1-69 

3-07 

271 

O'OO 

•72 

3*55 

2*51 

10*20 

5-70 

4*«5 

5-o5 

376 

3-15 

5'22 

4*44 

2*42 

2*03 

2*88 

3*63 

4''7 

2*78 

6*io 

8*8o 

9*40 

8*90 

3'47 

*'45 

4*97 

5-87 

3.07 

1-31 

5'H 

3 '47 

2-29 

5-08 

3*9° 

io-8o 

480 

9-60 

356 

4*40 

3*50 

6-44 

194 

276 

2*62 

5*58 

5*22 

1-51 

II'IO 

1*70 

7*00 

4*35 

2-24 

1*20 

5*8i 

3*i5 

2*64 

rl% 

6*09 

23 1 

6*72 

3-31 

II-20 

880 

13-40 

8*6o 

5-01 

2-52 

8*34 

5"95 

3*86 

7*26 

382 

40*09 

39'*7 

70*23 

71-40 

76-90 

^775 

3561 

26*8l 

49*28 

48-47 

26*10 

26*31 

30-10 

36*16 

470 
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Div.  XVIII.  (continued). 

Division  XIX. — Nohthebx  Counties. 

Inverness  (continued). 

Sutherland. 

Caitukkss. 

i 

Height  of 

Kain-gauge 

above 

Ground  

Sea-level 

Corrimony, 
Urquhart. 

Dunrobin. 

House  of 
Tongue. 

1 

Cape  Wrath,  j 

NoasheacL 

Holburnhead 

Oft.  4 in. 
320  ft. 

0  ft.  6  in. 
6ft. 

Oft.  lin. 
33  ft. 

3ft  6in.     ; 
356  ft.       ) 

3  ft.  4  in. 
1*27  ft. 

0  ft.  4  in. 
60  ft. 

18G6. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February    ... 

March    

April 

in. 

5'34 
3#oo 
4*oi 
ri8 
1*40 
181 
3*49 
443 
4*33 

I"20 

5-«5 

ft'42 

in. 

4*5° 
4-50 
•70 
g«6o 
2-30 
2*50 
390 

2*00 
*'}° 

4'3o 

•90 

*  1*40 

in. 
2*04 

173 

roo 

•62 

•87 

1*7 

2-25 
2-40 

142 

5*35 

6-30 

in. 
2*60 
2*60 
1 -co 
2-80 
173 
1*70 
2*03 
i-8o 
2*50 
3-90 
no 
3-40 

in. 
4' 60 
7-50 

3*4© 

1*40 

•90 

2*00 

2'20 

2-80 

3'00 
35O 

lO'OO 

680 

in. 
3-50 
4*00 
5-00 
2*90 
•40 
3*00 
2-80 
vlo 
4-40 
5*20 

2*00 
3'8o 

in. 
5*00 

5*39 
1-41 

I'OI 

1*74 
**45 
261 
2*96 
3-01 
2*62 
7-04 
4*6 1 

in. 
2-71 
*-i8 
•60 

3-5» 

•84 

152 

i*47 

2-24 
I93 
465 
2*46 
3'86 

in. 
•88 

2*6 1 

•88 
•72 
1-08 
1-50 
2*25 
3*06 
2*90 
1-40 
5*66 
334 

in. 
•60 
•65 

'4' 
2*38 
1*02 

1*21 

1*86 
2*02 
363 
496 
•98 
4-96 

in. 

*75 
526 
3  06 

163 
187 
164 

3-10 
2*98 
181 
7'57 
4'5» 

in.     | 

2-»6; 

253 

.-69 

3*57 
•«3 

2-86 

May    

June  

July    

r7i  | 
131 

4«5 
5*9^ 
25c 

4-70, 

August   

September ... 

October 

November  ... 
December  ,.. 

Totals 

38-46 

32*60 

28-35 

27-16 

48*10 

3880 

38-85 

28*04 

26*28 

2468 

3718 

3473 

Division  XX. — Mtostbb  (continued). 

Div.  XXL— 

LEnTOTEZL     I 

Kerry. 

Watbrford. 

Clare. 

Qukbx's  Co. 

Height  of 

Kain-gauge 

above 

Ground 

Sea-level 

Valentia. 

Waterford. 

Portlaw. 

Killaloe. 

Ennia. 

Portarlington 

2  ft.  0  in. 
30  ft. 

4  ft.  0  in. 
60  IK 

20  ft,  0  in. 
60  ft. 

5  ft.  0  in. 
128  ft. 

2  ft.  6  in. 
35  ft. 

1  ft.  1  in. 
236  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

January 

February    ... 
March    ...... 

April  

in. 
7-64 

4*39 

5*07 

35* 
228 
3-30 

*'47 
5*57 

579 
4-02 
4*26 
581 

in. 
5*62 
4-«7 
3'45 
4*97 
3*07 
2*05 

3*58 
467 
586 
8-84 
"'47 
4*4 

in. 

541 
2*70 

3*5* 
2-41 
1*28 

3*93 
•85 
3*47 
3-96 
2*62 

**34 
3*57 

in. 

3*55 
293 
471 
3-03 

5*9 

'93 

5*02 

3-85 
2-53 
388 

2*20 

1-33 

in. 
7*01 

3*22 

4*47 
266 

'34 
530 

*57 
3*56 
4-46 
2-86 
2-65 
3-14 

in. 
3-8 1 

5*67 

3*55 
5-30 
2*46 

3'5- 
3*42 
2*23 

4*57 

r56 

in. 
663 
5*5* 
3*«5 
2*05 
3-05 

4'4» 
1*96 

455 
6*47 
2-44 

477 
6*02 

in. 
382 

3*06 
643 
3'45 
*'34 
3-62 
470 
3'H 
7*63 
**57 
1*90 

in. 
7*19 

3*94 
2-76 
2*19 
183 
3-21 
1-30 
5-40 
5*30 
2*50 
3-26 
5'"3 

in. 

3-50 

4'*5 

2*70 

3*49 
8-30 
215 
2-16 

fe*c 

in. 
372 
3*oo 
2*92 
1*64 
119 
373 

1-22 
2*63 

416 
173 
1-89 
291 

in. 

2-32 
2-9$ 
3*02 
2-88 

May    

3*56 
•«5 

2*65 
279 
1*69 

3:io 
1-98 

June   

July    

J    

August   

September  ... 

October 

November  ... 
December  ... 

Total* 

5412 

5**59 

36-05 

39*5 

4124 

41-14 

5178 

46-87 

4401 

ctcici 

3074 

29-09 
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Division  XIX. — Northern  Counties 

[continued). 

Div.  XX.— 

MUXSTER. 

Caithness 

Orkney. 

i 

Shetland. 

Cork. 

(continued). 

i 

.Balfour  Castle. 

Sandwick. 

Suiuburghcad. 

1 

Bres«ny. 

East  Tell. 

Pentland 
Skerries. 

Queen's 

College, 

Cork. 

3  ft.  3  in. 

I     Oft. 

3  in. 

2  ft. 

Oin. 

»«: 

0  in. 

Oft.  4  in. 

3  ft. 

Oin. 

0  ft.  0  in. 

j         7:2  ft. 

1      m  ft. 

78 

ft. 

lt*; 

)ft. 

(JO  ft. 

17( 

►  ft 

65  ft. 

ISM. 

1807. 

j  isoo. 

1807. 

I860. 

1807. 

ISM. 

1807. 

1800.;  1807. 

180(1 

1807. 

1806. 

1807. 

in. 

in. 

in. 

in. 

in. 

in. 

|   in- 
J     397 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

,       2*12 

2*63 

270 

470 

4'33 

4-06 

214 

5-60 

6*25 

7-50 

395 

676 

512 

1     3*44 

2-32 

3-80 

3*5o 

5-03 

4-Q-3 

'     *73 

2-56 

3-90 

371 

353 

4-17 

276 

259 

,     2'34 

131 

2*00 

150 

3-08 

2'oS 

1     r49 

•84 

2'33 

208 

3-07 

2*22 

3*97 

803  [ 

•69 

2-66 

•60 

370 

I '2 1 

420 

1       -82 

3-21 

71 

4*00 

171 

383 

270 

3*30 

1      1-48 

•91 

1-50 

•90 

2-15 

in 

1*23 

'73 

i-6o  I       *93 

i'53 

I '22 

112 

5-37 

I      1*74 

1-28 

1       2*IO 

i*6o 

r87 

179 

1       '6* 
1  33 

•»5 

•88 

'94 

i'35 

1-45 

3-74 

l'S7 

i-5* 

132 

1"20 

2  00 

1*64 

1-56 

•82 

1-84 

•94 

177 

roo 

"44 

2*93 

2-5, 

i*59 

3-00 

180 

324 

172 

!       -88 

2-55 

1 -47 

1*98 

182 

231 

3-61 

2*29 

2*17 

3*13 

!    2*90 

5-20 

265 

5*3* 

|     r68 

2*36 

3*24 

298 

418 

496 

443 

3-58 

2-15 

4*63 

1      3'20 

570 

275 

6-66 

2-67 

4'20 

4*03 

5'i8 

5*32 

6-68 

3-21 

4*66 

1     5-8i 

1-31 

j       7'00 

270 

824 

2*93 

351 

I  27 

5-19 

1*34 

606 

3*33 

410 

175 

1     3*^9 

3*53 

|     4'°° 

4-30 

476 

3*7 

|     3"Oi 

3*9 

4'54 

480 

5'45 

669 

412 

1*50 

29-33 

26*62 

3300 

37-60 

41*55 

39*39 

2396 

25*42 

3533 

3513 

43*29 

41-81 

42*06 

42-69 

Division  XXI. — Leinsteb  (continued). 

Division  XXTT. — Conna-ctght. 

King 

8  CO. 

1 

WlCKLOW. 

Dublin. 

Galway. 

t 

Sligo. 

Birr  Castle, 
Parsonstown. 

Tullamore.    1 

Fassaroe, 
Bray. 

Black  Rook. 

Cregg  Park, 
Gort. 

Queen's 
College, 
Galway. 

Doo  Castle. 

Oft. 

3  in. 

3  ft. 

Oin.     i 

5  ft,  0  in.     j 

20  ft. 

Oin. 

3  ft.  0  in. 

6  ft  0  in. 

1  ft.  0  in. 

20C 

ft. 

235  ft.       ! 

250  ft 

Do  ft 

120  ft. 

25  ft 

1866. 

1867. 

1866. 

1867.  | 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

in. 

in. 

in. 

in.     I 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

4*14 

170 

3*3° 

2-41! 

428 

4#35 

241 

3^7 

679 
3*28 

3'49 

896 

4*77 

6'55 
3*88 

4*4° 

2*59 

2*35 

2-48 

2-27 ' 

3-23 

3*12 

2-13 

2*26 

4-18 

464 

4*98 

4*42 

243 

1*92 

2*20 

2-62) 

4*99 

658 

427 

4'47 

285 

3-09 

3-29 

3*37 

2-93 

270 

179 

3*30 

1-17 

2-39 ; 

3-40 

2*65 

2*06 

2'55 

142 

395 

2*22 

4-13 

165 

4-86 

114 

2*99 

I'OO 

3'36l 

•96 

517 

1-48 

3-55 

1*41 

4'55 

1*97 

4*67 

171 

4*62 

2*57 

1'02 

2*62 

•86 

5*3' 

•So 

4*o6 

•57 

2*17 

i'47 

4*28 

'75 

461 

1-63 

'91 

382 

'9t 

3*03 

'91 

3*03 

•80 

3*22 

i*54 

2-31 

1*94 

3*i5 

2*04 

4-63 

378 

2*69 

278 

3*oi  ; 

2-50 

I'll 

1-92 

1*09 

373 

3-3* 

PI 

4*49 

5*39 

278 

4'59 

1-33 

4-17 

>'5°| 

4'22 

2*29 

2*89 

I70 

5*26 

2*50 

696 

3*52 

5*20 

3'°7 

217 

4*6 1 

i*47 

3*59 

4l8 

3i3 

2*64 

2*28 

2-03 

556 

2"6o 

5-29 

2-40 

7-27 

285 

1*27 

1*50 

I  '01  j 

178 

•63 

1-28 

•30 

313 

1-05 

4*02 

•74 

425 

•72 

3'54 

i-ii 

271 

1*40  , 

2*45 

242 

i-6o 

I05 

5'-3 

1*47 

5-60 

2*23 

4-60 

2*97 

32*50 

28-11 

26-36 

27-45 ! 

3821 

35-28 

27-54 

26-11 

3874 

36-93 

51*59 

4309 

i  45*21 

,  44*°7 
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Div.  XXII. — CONNATTGHT 

{continued). 

Division  XXIII. — Ulster. 

1 

Sligo  (continued). 

Cavan. 

Fermanagh. 

!     Armagh. 

Down. 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Hazlewood. 
Sligo, 

Red  Hills, 
Belturbet. 

Florence 
Court 

1 

Armagh 
Observatory. 

Belfast 

2  ft.  4  in. 

47  ft. 

0  ft.  9  in. 

11  ft.  0  in. 
300  ft. 

30  ft.  0  in. 
238  ft. 

7  ft.  4  in. 
68  ft. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. 

1866. 

1867. ' 

1866. 

1867. 

January     ... 
February   ... 

March    

April 

in. 
5*59 
3*39 

2'4I 

i*73 
r86 

2'55 
3°3 
4-27 

4'2I 

272 
436 
5*17 

in. 
4"'3 
3'3o 
3*22 
3-98 

4'3* 
1-48 
5-67 
2-87 
3*47 
7-23 

•54 
3*35 

in. 

516 

2*92 
3-28 
2*97 

1#54 
2*72 
2-18 

3'34 
4-41 
2-64 
3-66 
4-28 

in. 

4i5 

2-38. 

2-37 

5*59 ! 

3*59; 

1-26 

4'54 

2721 
2-86! 

5*49 
115 

i'95 

in. 

10*05 
2*46 
3-66 
*'34 
•65 
r87 
i-8i 
6-15 
5-28 
447 
6*34 
5*57 

in. 
540 
3*65 
4*55 
568 
3-84 
•67 
5-89 

349 
3-87 
615 
1-08 
2-69 

in. 

O 

a 

00 

c 

in. 
403 
4*4* 

2*2 1  j 

4'*5i 
4'39l 

I'OO 

4-27; 
2-411 
i-66 

4*9ij 

•90 

2-29  ; 

in. 

3*53 

2-87 

3*43 
1-58 

167 

**53 
1-87 
3-24 

4*97 
1*90 
4-27 
3*70 

in. 

3*47 
2-67 
215 
3*55 
415 
*97 
4*34 
2*23 
172 

4*57 
•76 

2*IO 

May    

June  

July    

August    

September . . . 

October 

November  ... 
December  ... 

Totals 

41-29 

43*56 

39-10 

38-05 ! 

5065 

46-96 

37-90 

3673 

35'56 

32*68, 

'        1 

APPENDIX. 

On  tiit  Quantity  of  Bain  measured  in  the  Lake  District. 

By  John  Phillips,  M.A.,  F.K.S.,  Professor  of  Geology. 

[Proceedings  of  the  Ashmolean  Society,  New  Series,  No.  1.] 

In  whatever  direction  we  approach  the  district  of  the  English  Lakes,  the 
quantity  of  rain,  though  not  the  number  of  rainy  days,  is  found  to  increase 
continually,  and  near  the  mountains  rapidly.  By  several  years'  observations, 
through  the  exertions  of  Dr.  Miller,  Mr.  Fletcher,  Mr.  Marshall,  Dr.  Davy, 
Mr.  Symons,  and  others,  it  is  found  that  the  mountain  district  of  the  Lakes 
receives  more  rain  on  the  average  than  any  other  part  of  Great  Britain.  In 
the  upper  part  of  Borrowdale,  at  Seathwaite,  422  feet  above  the  sea,  about 
130  or  140  inches  of  rain  fall,  on  an  average,  in  one  year*  ;  the  maximum 
yet  observed  being  182-47  inches  in  1861,  the  minimum  88-31  inches  in 
1855.  Descending  from  this  point  along  the  courso  of  Borrowdale,  the 
quantities  of  rain  diminish,  and  at  Keswick  only  59  inches  are  received,  at 
an  elevation  of  270  feet. 

As  we  ascend  the  mountain  slope  from  Borrowdale  toward  Scawfell,  the 
quantities  increase ;  and  at  a  place  called  Stye,  165  inches  are  received  on 
tho  average — the  maximum  in  1866  being  224*56,  and  the  minimum  in 
1853, 134*91.  In  the  immediate  vicinity,  tho  quantity  registered  on  the 
summit  of  Scawfell  Pikes,  3200  feet  above  the  sea,  is  on  the  average  about 
64  inches— maximum  in  1864,  73*20 ;  minimum  in  1865,  49*12. 

*  Mr.  Fletcher  admits  134  inches  ai  the  most  probable  average. 

Digitized  by  VjOOQlC 


ONt*    9vM  ON*«n    OW   -    O    N    00  ^^»    **.    ^"*i.    • 
W  ^4  no*    0>  SCO  \s\    -»    Onv*»    W    O  -^  <■►»    ►*    On  O 
M  «-o   m  so    OnnO  Ny»    M0-^>^M    0  «**  *«4  «*» 


ti    t)    M    »    MWW    M    C 

j  O  **»'  M  •*  H  W  ifl  w  o\uJ  c*>  ■$*  ^i   o"  OO  o  n 
)  ui  so    Osu*    O  NO    OOf    OO  Onvsi  Vsi  vsi    On^    Ow 


a 


6?7S 


k>  hvon]  oov-f»  q\-^ «-«  oo  q  vo  no  of  *•  q  ooc*  \o#  j 
m  m  so  o>v^»*  oo»isi  6  oof"  ^i  f"  i*  «  **  **i  o\  ^  ••* 

^    »>   MM    U    Out    OOf  u*    Mw    O  NO    O    OnOSva    On 


B 


JUl' 


?\  O    00  On  C 


J\N    N   Op«-n    *>    ***jfcr»f^^fNq    On*4  f  o*  NO    P 

>b  Os  *«  ns*  ui    O^f*   Os  On V   obf    ►>  00  OONO*  4>'   OMlvO 
»  Ovf    On^I    WOOO»»OO^^N-f»HON  OO-vj  <-n    on 


NOUj4k    On^J  «-«  U»   •*    q  4k    opv^  u*    p 
b  oi    M  ^i    ►+  f    ^   «"  uC  nO*  NO*    »>  Cr*  NO*  ^i    **    Osf    OvnO* 
,i  y»   ONf  n^^I   OmvavO  Avn    O   O    0«-«*^v^   0000 


8 


O  I*  OnnO  U»  t»  t>>  vsi  NO  ►»  *»4  00-vi  \0  ►•NO  00  H  *v| 
Of  ^v4  KWMW  »  0\M^t  O  cn  m  Otf  00  00 
u*    HUi   QvOvnui^f    O    O    l*crtcrt   O   I*    «   00f 


++++++ I      I      I    +  ++I      I      I      I      I+  + 


00  »»    ONCrt    O    -    00-vl    On  00  O  A    On-^    On  ' 

—  f    On  00  On  O   N  <-n  v-n    Mu)N9f  \OA  v 
X\u*   h^i   0N9vnMVi   On  O   O   Hvn^   O   ; 


t 


Z> 


o 
3 

»-* 

oc 

05 

o 

w 

t/1 

ff 

o 

1— « 

on 

t-1 

Ci 

► 

-I 

^ 

I-. 

« 

B 
o 

► 

>5 

< 

O 

rz 

3 

o 
o 

B" 

CO 

3 

p° 

p- 

* 

^i 

rr 

& 

o 

X 

ft 

p 

0 

3 


4^ 


Digitized  by 


Google 


w>00  SO    O\00    w-» 
O   (4   O   On  O    O 


nOC    Onw    0    N  *00  00    O>0O    m  O    ^"NO 

n  O   0\0  o  o  o»n  ONOO   ^  m   5   o  o> 


m    +  »m   &\  OXOO    ONOO    rO^O    Q  OO  00  SO    O    n    « 
OOOONOOsmONOOONOONNMiNOON 


? 


S-" 


"~  m    tot*    » 

oC 


tfW-»Q    OnM^  +  MOnWn    («    to  00    Q    +  Q    0  OO  00    f>.  » 
,»Jh3-Oh00h0h00*OO\000cn«0h» 


^■vO   «  e*   ""»  H  SO  OO  r^so  so^-rou->o«O^-Qrt00 

i"   MOSO    •■«    ««    O    »*    OVO    4-00    NOnO    h   O    5    OvOn 


«il  H .  -J 


SI 


hh 


■31 
-.S  J 


.gS. 

£3 


8   J.  •§ 
5  5  i 


was 


Be 


?^1 
&Se1  i    j 


©    4) 


n:  111*1111  lil! 


rMpcQP 


j 

loo 

HPmaoQOQ 


►4 


•g"? 


1 


^f-l 


gJ^III 


Is 


i.3  • 

2  M^s 


liliP 


Digitized  by 


Google 


ON  THE  RAINFALL  IN  THE  BRITISH  ISLES. 


473 


If,  for  the  sake  of  computation,  we  bring  in  some  other  near  stations,  to 
get  averages  more  free  from  local  excess  or  defect,  we  find  on  the  mountain 
tops : —    . 


Scawf ell    

Greatend 

Esk  Hause    

feet. 

3200     

2982     

2550     

inches. 
..     64-0 
. .     66-0 
. .     72-0 

Mean    

2911     

. .     67-3 

In  the  mountain  passes : — 

Sprinkling  Tarn    . . 
Styehead  Tarn  .... 
The  Stye    

feet. 

1985     

1472     

1077     

inches. 

..       121 

..      110 

165 

Mean     

1511     

..      132 

And  at  stations  at  the  foot  of  the  mountain : — 

W 

On  the  West. 

Wastdale  Head 

Mosedale 

Brant  Bigg   

feet. 

247     

624     

695     

inches. 
88 
80 
78 

Mean     

522     

. .     83-3 

*) 

On  the  East 

Seathwaite    

Stonethwaite     .... 
Langdale   

Mean     

feet. 

422     

330     

380     

377     

inches. 
..      134 
..      107 

..    m 

..  117-3 

Mean  of  a  and  b- 

=  450     

..  100-3 

Evidently  the  quantity  of  rain  received  on  the  surface  of  the  ground  near 
Scawfell  is  at  a  maximum  at  about  half  the  height  of  the  mountain,  the 
quantity  diminishing  from  this  level  both  upwards  and  downwards.  The 
diminution  is  not  at  the  same  rate  on  the  two  sides  of  the  range,  being  very 


rapid  on  the  west,  sensibly  slower  on  the  east.  Taking 
the  average  of  these  results  as  giving  the  most  pro- 
bable general  ratio,  we  find  in  1400  feet  of  ascent 
the  quantity  is  reduced  from  132-0  to  67-3  inches,  and 
in  1061  feet  of  descent  from  1320  to  100-3*. 

Draw  in  a  diagram  (fig.  1)  L  M  H,  vertical ;  with  in- 
tervals, L  M=1061,  M  H=1400.  Set  off  ordinates ; 
&=67'3,  m=1320,  Z=100-3  representing  the  quan- 
tities of  rain  received  at  the  several  elevations.  As 
the  quantity  of  rain  passes  through  a  maximum  some- 
where about  the  elevation  M,  it  may  be  conceived  to  be 
represented  by  a  curve,  in  which  the  quantity  at  any 
elevation  would  be  less  than  the  maximum,  by  a  differ- 
ence (d)  which  is  a  function  of  the  difference(D)  of  this 
elevation  from  that  of  the  maximum. 


Eig.l. 


M 


\ 


1868. 


*  Mr.  Fletcher  admits  134  inches  as  the  most  probable  ayerage. 
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The  curve  may  be  assumed  to  be  parabolic,  in  which  case  -j-  is  constant, 

and  the  vertex  of  the  parabola  is  found  at  1463  feet,  and  the  average  of  rain 
at  that  elevation  is  132-1.  The  average  quantity  of  rain  at  two  stations  on 
opposite  sides  of  the  mountains  having  the  same  elevation,  =»  132*1— rD*,  r 
being  a  coefficient  determined  from  the  observations.  On  the  eastern  side 
of  the  mountain,  r  (very  irregular)  is  found=  -0000126,  but  on  the  western 
side  -000055. 

If  we  now  turn  our  attention  to  the  Skiddaw  group  of  mountains,  the 
results  are  very  different,  the  quantities  of  rain  registered  there  being  reduced 
to  about  half,  viz.  55  inches  on  Skiddaw,  at  1677  feet  elevation  ;  57  inches 
on  Derwent  Island,  240  feet;  and  59  inches  at  Keswick,  270  feet.  Nor  is 
the  case  very  different  about  Helvellyn,  where  Birkside,  1800  feet,  receives 
81  inches,  and  Wythburn,  574  feet,  90  inches.  Similar  effects  about  Kirk- 
stone  Pass,  1500  feet,  82  inches  ;  Matterdale,  1400  feet,  80  inches;  and 
Patterdale,  500  feet,  75  inches.  In  all  these  cases,  the  interior  Lake  moun- 
tains, though  of  nearly  the  same  height  as  Scawfell,  exercise  no  Buch  remark- 
able effect  on  the  quantity  and  distribution  of  rain ;  the  reason  being  that 
they  do  not  receive  the  first  brunt  of  the  moist  south-west  wind. 

On  the  other  hand,  groups  of  mountains  removed  from  Scawfell,  which 
front  the  south-west,  exhibit  similar  if  not  equal  effects.  Thus,  to  the  in- 
fluence of  the  group  of  mountains  about  the  Old  Man  may  be  ascribed  the 
large  deposit  of  rain  about  Esthwaite  Lake  (80),  Coniston  Water-head  (100), 
and  Langdale  (111) ;  and  the  long  range  of  the  Fells,  north  of  Kendal,  is 
probably  the  cause  of  the  heavy  rain  in  Mardale  (108  inches)  and  West  Sled- 
dale  (113  inches).  Another  centre  of  rain-dispersion  maybe  indicated  in 
Hougill  Fells  and  Wharnside,  on  the  eastern  side  of  the  Lake  district ;  but 
no  sufficient  observations  are  on  record  for  these  districts.  The  axis  of  most 
rain  may  be  drawn  along  the  main  summit  of  drainage  from  Scawfell  by 
Fairfield  toward  Hougill  Fell ;  rudely  parallel  to  it,  and  turning  round  it  on 
the  east  and  on  the  west,  are  curves  of  equal  rain — 80,  55,  and  45  inches, 
the  latter  moderate  quantity  being  succeeded  on  the  eastward  by  40,  30,  25, 
and  20  inches,  the  minimum  being  on  the  Yorkshire  coast,  where  the  far- 
ravelled  rain-clouds  have  lost  much  of  their  valuable  burden.  (See  Map, 
fig.  2.) 

Fig.  2. 
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Report  of  Synthetical  Researches  on  Organic  Acids.     By  Alfred  R. 
Catton,  M.A.,  F.R.S.E.,  Fellow  of  St.  John's  College,  Cambridge. 

1.  At  the  Dundee  Meeting  of  the  British  Association  in  September  1867, 1 
was  requested  to  continue  my  researches  on  the  action  of  carbonic  acid  and 
sodium  on  alcohol,  and  a  grant  was  placed  at  my  disposal  for  the  purpose. 

This  Eeport  is  presented  to  the  Association  in  compliance  with  the  law 
which  requires  that,  when  a  grant  of  money  has  been  made  at  one  Meeting, 
a  Eeport  of  the  progress  of  the  research  shall  be  presented  at  the  next 
Meeting. 

2.  One  principal  object  of  my  labours  during  the  past  year  has  been  to 
convert  as  large  a  proportion  as  possible  of  the  sodium  used  in  the  reaction 
into  organic  salts,  and  I  am  now  able  to  report  that,  instead  of  obtaining 
from  100  grammes  of  sodium  only  7  grammes  of  sodium-salts  of  acids  formed 
synthetically,  I  have  succeeded  in  obtaining  175  grammes. 

To  give  an  account  of  the  conditions  necessary  to  this  result,  and  of  the 
experiments  by  which  it  is  established,  is  the  object  of  this  Report. 

3.  My  previous  experiments  had  shown  that,  in  order  to  obtain  the 
largest  quantity  of  synthetically  formed  salts,  it  was  necessary, — 

(1)  That  the  action  of  the  sodium  on  the  alcohol  be  modified  as  much  as 
possible,  and  with  this  object  the  sodium  was  added  gradually  and  in  small 
pieces. 

(2)  That  the  temperature  of  the  alcohol  be  kept  as  low  as  possible,  by 
surrounding  the  Woulfe's  bottle  containing  it  with  a  mixture  of  ice  and 
salt. 

The  manner  in  which  this  last  condition  influenced  the  reaction  was  no 
doubt  by  increasing  the  amount  of  carbonic  acid  which  the  alcohol  dis- 
solved.    It  tended  also  to  modify  the  action  of  the  sodium. 

Now  it  occurred  to  me  that  the  most  effectual  way  to  modify  the  action 
of  the  sodium,  was  to  use  sodium-amalgam  containing  such  a  small  per- 
centage of  sodium  that  it  might  act  almost  imperceptibly  on  absolute  alcohol.  I 
therefore  determined  to  use  sodium-amalgam  containing  about  2  per  cent, 
of  sodium. 

4.  The  apparatus  used  was  very  simple.  Carbonic  acid,  from  a  gasogene, 
was  washed  and  dried.  The  gas  was  then  passed  through  a  refrigerator, 
which  consisted  of  a  large  wooden  box  lined  inside  with  zinc,  and  contain- 
ing a  long  spiral  leaden  tube.  Ice  was  put  into  the  box,  and  surrounded 
the  tube,  and  thus  the  gas,  on  emerging  from  the  refrigerator,  was  at  0°  C. 
The  refrigerator  served  also  as  a  storehouse  for  the  ice,  and  in  it  50  lbs.  of 
ice  could  be  kept  for  several  days  without  being  all  melted.  The  gas  was 
then  passed  through  a  series  of  Woulfe's  bottles,  surrounded  with  ice  and 
salt,  contained  in  a  wooden  trough  lined  with  zinc,  and  covered  with  a 
wooden  lid. 

5.  Absolute  alcohol  was  obtained  from  Messrs.  T.  &  H.  Smith,  of  Edin- 
burgh, of  sp.  gr.  *7957  at  60°  F.  It  was  distilled  from  sodium,  and  its  sp.  gr. 
was  then  -7940  at  60°  F.  Sodium-amalgam  was  prepared  by  heating  mer- 
cury, and  then  adding  sufficient  sodium  to  make  an  amalgam  of  about  2  per 
cent.  The  amalgam  was  subsequently  fused  to  render  it  of  uniform  com- 
position, the  fluid  part  poured  on  a  slab,  and,  when  cool,  placed  in  bottles 
containing  dry  carbonic  acid.  The  amalgam  was  uniformly  crystallized  in 
slender  needles,  which  had  not  tarnished  in  the  slightest  degree  when  used. 
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6.  In  order  to  determine  the  amount  of  sodium  used  in  the  reaction,  it  is 
necessary  to  know  accurately  the  percentage  of  the  sodium  in  the  amalgam. 
Two  determinations  of  this  percentage  were  therefore  made. 

I.  10*4695  grms.  of  the  amalgam  were  left  in  contact  with  standard  sul- 

phuric acid,  and,  when  gas  ceased  to  he  evolved,  excess  of  acid  was 
titrated  with  standard  caustic  soda. 

It  was  thus  found  that 

10*4695  grms.  contained  *1794  grm.  sodium.  The  amalgam  therefore  con- 
tained 1-714  per  cent,  sodium. 

II.  8*015  grm.  amalgam  were  boiled  in  a  flask  with  water  till  there  was 

no  perceptible  evolution  of  gas.  The  caustic  soda  produced  was 
titrated  with  standard  sulphuric  acid. 

It  was  thus  found  that 

8*015  grms.  contained  *1403  grm.  sodium.  The  amalgam  therefore  con- 
tained 1*750  per  cent,  sodium.  The  mean  of  these  determinations 
gives  1*732  as  the  percentage  of  sodium  in  the  amalgam. 

7.  One  hundred  cub.  centims.  absolute  alcohol  were  added  to  each  of 
eight  carefully  dried  Woulfe's  bottles.  Carbonic  acid  was  passed  for  an  hour, 
in  order  thoroughly  to  saturate  the  alcohol,  and  then  sodium-amalgam  added 
to  each  bottle  by  means  of  a  glass-stoppered  neck.  For  reasons  which  will 
be  subsequently  understood,  the  last  four  bottles  were  detached  after  about 
twelve  hours,  and  the  reaction  went  on  in  them  without  any  more  carbonic 
acid  being  passed. 

The  gas  was  passed  through  the  other  four  bottles  for  three  days,  the 
temperature  of  the  alcohol,  for  nearly  the  whole  time,  being  several  degrees 
below  0°  C. 

8.  Before  describing  the  method  of  examining  the  product  of  the  reaction, 
a,  few  words  of  explanation  are  necessary.  If  sodium  is  dissolved  in  abso- 
lute alcohol,  sodium-alcohol,  is  formed  and  hydrogen  given  off.  If  dry  car- 
bonic acid  be  passed  into  the  sodium-alcohol,  the  sole  product  is  ethylcarbonate 

Na    1 
of  sodium,  to  which  has  been  assigned  the  formula  COa  n  xr   [  O.    This 

compound  is  decomposed  by  acids  into  alcohol  and  the  sodium-salt  of  the 
acid  ;  by  oxalic  acid,  for  instance,  into  alcohol  and  oxalate  of  sodium. 

Now  if  a  known  weight  of  sodium  be  added  to  absolute  alcohol,  and 
whilst  the  sodium  is  dissolving  a  current  of  dry  carbonic  acid  be  passed,  it 
is  found  that  the  number  of  cub.  centims.  of  standard  acid  required  to  neutralize 
the  ethylcarbonate  is  less  than  is  equivalent  to  the  sodium  used.  If  W  be  the 
weight  of  sodium  used,  and  x  the  number  of  cub.  centims.  of  standard  oxalic 
acid,  containing  63  grms.  crystallized  oxalic  acid  in  the  litre,  required  to 
neutralize  the  ethylcarbonate,  x  x  *023  is  less  than  W,  and  W— x  x  *023  is 
the  amount  of  sodium  incapable  of  neutralizing  standard  acid,  and  which,  in 
feet,  exists  as  sodium  in  salts  of  acids  formed  synthetically. 

9.  If  sodium  amalgam  and  carbonic  acid  act  upon  alcohol,  in  order  to 
determine  the  sodium  used  in  the  reaction,  we  must  know, — 

i.  The  amount  of  sodium  in  the  sodium-amalgam.  This  is  determined  by 
calculation  from  the  weight  of  amalgam  used  and  the  percentage  of  sodium 
it  contains. 

ii.  The  amount  of  sodium  left  in  the  amalgam  after  stopping  the  reac- 
tion. This  is  determined  by  leaving  the  residue  of  amalgam  in  contact  with 
standard  sulphuric  acid,  and  detennining  excess  of  acid  by  standard  caustic 
soda. 

L  minus  ii.  gives  (w)  the  sodium  used  in  the  reaction ;  and  if,  as  before,  x 
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be  the  number  of  cub.  centims.  standard  oxalic  acid  required  to  neutralize  the 
ethylcarbonate,  ti/— #x*023  is  the  sodium  converted  into  salts  of  organic 
acids.  It  is  assumed  in  the  above  that  an  amalgam  can  be  made  of  uniform 
composition,  or  nearly  so,  as,  in  fact,  my  experiments  have  shown. 

Experience  shows  that  the  operations,  as  above  described,  can  be  carried 
out  so  as  to  give  results  of  great  nicety. 

Oxalic  acid  is  used  in  these  determinations  on  account  of  the  sparing 
solubility  of  oxalate  of  sodium  in  water  and  alcohol,  which  enables  us  to 
separate  it  at  once  from  the  sodium-salts  formed  synthetically. 

10.  We  now  proceed  to  state  the  results  of  the  examination  of  the  con- 
tents of  the  several  bottles.  The  products  of  the  reaction  in  the  first  four 
bottles  were  added  together,  the  amalgam  in  each  bottle  being  rapidly 
washed  with  water,  so  that  as  little  as  possible  of  the  sodium  it  contained 
might  appear  as  caustic  soda  in  the  washings. 

430*5  cub.  centims.  oxalic  acid  were  required  to  render  the  solution  neu- 
tral, as  determined  by  very  delicate  neutral  test-paper.  Therefore  Na  as 
ethylcarbonate  =  9*90  grammes. 

740  cub.  centims.  standard  sulphuric  acid  were  required  to  neutralize 
sodium  which  remained  in  amalgam,  which  was  therefore  17*02  grms. 

11.  The  amount  of  sodium  originally  contained  in  the  amalgam  wad  de- 
termined from  the  weight  of  mercury  left  after  extracting  the  sodium  from 
the  amalgam. 

If  (Hg+Na)  denote  the  weight  of  sodium-amalgam  used,  and  (Na)  the 
sodium  contained  therein,  we  have 

(Hg+ Na) :  (Na) : :  100 : 1-732; 

.•.(Hg):(ffa)::  98*268: 1-732, 

or(Na) 98-268-- 

(Eg),  the  weight  of  mercury,  was  found  to  be  1954*84  grms. ; 

.„.      1954-84x1-732    Q<.R 
.-.  (Na)  = g8<26g =34-45  grms. 

Hence  34-45  grms.  sodium  were  contained  in  amalgam  used.  Prom  this, 
subtracting  17*02,  the  sodium  left  in  amalgam,  we  get  17-43  grms.  as  the 
amount  of  sodium  used  in  the  reaction. 

Of  these  17*43  grms.  sodium  9-90  were  converted  into  ethylcarbonate. 

Therefore  the  remaining  7*53  grms.  existed  as  sodium  in  salts  of  acids 
formed  synthetically. 

Hence  56-22= percentage  of  sodium  converted  into  ethylcarbonate,  and 
43-78=  „  „  „  salts  of  organic  acids. 

12.  We  now  proceed  to  find  the  total  weight  of  salts  formed  synthetically. 
For  this  purpose  advantage  is  taken  of  the  sparing  solubility  of  oxalate 

of  sodium  in  alcohol. 

Three  solubility  determinations  at  the  ordinary  temperature  gave  the 
following  results : — 

1  part  oxal.  of  Na  dissolves  in  143  pts.  by  weight  of  alcohol  of  20  per  cent. 

»  99  1077  „  „  40       „ 

6250  „  „  60      „ 

The  solution  containing  the  products  of  the  reaction,  after  neutralization 
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with  oxalic  acid,  was  evaporated  to  dryness,  and  the  residue  treated  with. 
alcohol  of  20  per  cent.,  which  dissolves  the  salts  formed  synthetically,  and 
leaves  pure  oxalate  of  sodium,  as  the  following  analysis  shows : — 

•522  grm.  of  the  residue  gave  -5475  grm.  Na  S04,  or  -1774  Na, 
The  salt  therefore  contained  34*11  per  cent.  Na. 
Oxalate  of  Na  contains  34*33  per  cent.  Na. 

The  solution  in  alcohol  of  20  per  cent,  was  evaporated  to  dryness,  and 
heated  till  it  ceased  to  lose  weight  in  a  weighed  crucible,  a  little  absolute 
alcohol  being  added  to  facilitate  the  drying  of  the  deliquescent  residue. 

"Weight  of  organic  salts =22*32  grms. 

Now  23  grms.  sodium  correspond  to  112  sodium  ethylcarbonate.  Hence 
the  weight  of  ethylcarbonate  corresponding  to  9*90  grms.  sodium  is  48-21 
grms. 

Hence  as  from  17*43  grms.  sodium  are  obtained 

22*32  grms.  organic  salts,  and 
48*21  grms.  sodium  ethylcarbonate, 

from  100  grms.  sodium  would  be  obtained 

128*06  grms.  organic  salts,  and 
276*59  grms.  sodium  ethylcarbonate. 

13.  If,  now,  the  organic  salts  be  decomposed  by  a  solution  of  oxalic  add 
in  alcohol  of  60  per  cent.,  containing  just  sufficient  oxalic  acid  to  convert 
7'53  grms.  sodium  into  acid  oxalate,  the  sodium  is  converted  into  acid  oxa- 
late, and  the  acids  remain  in  solution.  On  distilling  the  acid  solution, 
alcohol  goes  over  accompanied  by  the  volatile  acids.  If  water  be  added  to 
the  retort  till  the  liquid  which  distils  over  is  very  faintly  acid,  the  distillate 
contains  the  whole  of  the  volatile  acids,  and  the  fixed  acids  remain  in  the 
retort. 

The  acid  distillate  required  for  neutralization  148  cub.  centims.  standard 
caustic  soda,  which  are  equivalent  to  3*40  grms.  Na ;  therefore,  3*40  grm. 
Na  existed  in  salts  of  volatile  acids.  Now  7*53  was  the  whole  quantity  of 
sodium  in  organic  salts. 

Hence,  of  the  sodium  in  organic  salts, 

45*15  per  cent,  existed  in  salts  of  volatile  acids,  and 
54*85        „  „  „        fixed  acids. 

14.  The  solution  of  sodium-salts  of  volatile  acids  was  evaporated  to  dry- 
ness, and  dried  till  it  ceased  to  lose  weight. 

Weight  of  residue =10*37  grms. ; 
and  as  the  total  weight  of  organic  salts  was  22*32  grms., 
11*95  grms.  were  salts  of  fixed  acids. 
Hence,  of  the  total  organic  salts, 

46*46  per  cent,  were  sodium-salts  of  volatile  acids,  and 
53*54  „  „  „  fixed  acids. 

15.  The  results  of  the  examination  of  the  remaining  bottles  will  not  be  given 
in  detail.  They  are  collected  in  the  following  Table,  the  first  vertical 
column  containing  the  results  of  the  examination  of  the  first  four  bottles, 
and  the  other  columns  those  of  the  last  four  bottles : — 
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I.  1.  2.  3.  4. 


Na  as  ethylcarbonate 

56-22 

74-46 

79-43 

69-38 

76-47 

Na  in  salts  of  organic  acids    . . 

43-78 

25-54 

20-57 

30-62 

23-53 

Na  in  salts  of  volatile  acids    . . 

45-15 

35-38 

4149 

48-30 

79-81 

Na  in  salts  of  fixed  acids    .... 

54  85 

64-62 

58-51 

51-70 

2019 

16.  Now  carbonic  acid  was  passed  through  the  last  four  bottles  for  several 
hours  and  then  stopped,  the  sodium-amalgam  continuing  to  act  on  the  con- 
tents of  each  bottle  for  about  two  months  till  it  contained  no  more  sodium. 

From  the  last  four  columns  of  the  Table  we  see  that  thus  a  much  larger 
proportion  of  sodium  is  converted  into  ethylcarbonate  and  a  much  smaller 
proportion  into  organic  salts.  Whence  we  conclude  that  the  proportion  of 
sodium  converted  into  organic  salts  is  much  increased  by  keeping  a  current 
of  carbonic  acid  constantly  passing  through  the  alcohol. 

17.  It  will  be  observed  that  the  proportion  of  the  fixed  to  the  volatile 
acids  diminishes  from  the  second  to  the  last  column.  This  result  is  difficult 
to  explain;  but  other  observations  tend  to  throw  light  on  the  conditions 
which  determine  the  proportion  of  the  fixed  to  the  volatile  acids  in  the 
ultimate  product. 

18.  The  results  of  the  foregoing  experiments  indicated  the  possibility  of 
converting  a  still  larger  proportion  of  sodium  into  organic  salts.  I  therefore 
determined  to  repeat  the  reaction,  taking  advantage  of  the  experience  gained 
both  during  the  reaction  and  the  subsequent  analytical  operations. 

19.  Two  determinations  were  made  of  the  percentage  of  sodium  in  the 
amalgam  used  in  the  reaction  to  be  now  described,  and  to  render  them  as 
accurate  as  possible  much  larger  quantities  of  amalgam  were  analyzed. 
They  were  made  as  before,  by  leaving  the  amalgam  in  contact  with  standard 
sulphuric  acid  and  determining  excess  of  acid  by  standard  caustic  soda. 

I.  286-97  grms.  amalgam  required  for  neutralization  202-9  cub.  centims. 

standard  acid,  which  are  equivalent  to  4-668  grms.  Na. 
Therefore  100  grms.  contained  1-626  grm.  Na. 

II.  135-05  grms.  amalgam  required  for  neutralization  96-1  cub.  centims. 

standard  acid,  which  are  equivalent  to  2-21  grms.  Na. 
Therefore  100  grms.  contained  1-636  grm.  Na. 
The  mean  of  these  two  closely  concordant  determinations  gives  1*631  as  the 
percentage  of  sodium  in  the  amalgam. 

20.  1420-8  grms.  of  this  amalgam  were  put  into  a  large  "Woulfe's  bottle, 
and  500  cub.  centims.  absolute  alcohol  added. 

Carbonic  acid  was  kept  constantly  passing  through  the  alcohol  for  three 
days,  the  apparatus  being  the  same  as  before. 

21.  To  tie  product  of  the  reaction  in  the  Woulfe's  bottle  250  cub.  centims. 
standard  oxalic  acid  were  added,  and  a  rapid  current  of  air  blown  through 
the  liquid,  which  was  then  found  to  be  acid,  and  required  for  neutralization 
2  cub.  centims.  standard  caustic  soda.  Hence  248  cub.  centims.  standard 
acid  were  equivalent  to  sodium  as  ethylcarbonate,  which  was  therefore 
5-70  grms. 

The  contents  of  the  bottle  were  then  transferred  to  a  beaker  and  the  amal- 
gam washed  with  water.     Some  of  the  sodium  left  in  the  amalgam  thus 
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appeared  as  caustic  soda  in  the  washings ;  34  cub.  centims.  standard  oxalic 
acid  were  required  to  neutralize  this  caustic  soda,  which  must  therefore  be 
added  to  the  cub.  centims.  standard  acid  required  to  neutralize  sodium  left  in 
the  amalgam.  For  the  latter  purpose  391*6  cub.  centims.  were  required. 
Therefore  391-6+34,  or  425*6  cub.  centims.  are  equivalent  to  sodium  which 
remained  in  amalgam,  which  was  therefore  9*79  grms. 

22.  Now  the  weight  of  amalgam  used  was  14208  grms.,  and  it  contained 
1-631  per  cent,  sodium. 

Hence  we  have 

Whole  Na  in  amalgam  =  23-18  grms. 

Na  left  in  amalgam  =     9-79     „ 


Sodium  used  in  reaction     =  13*39  grms.,  and 
Na  as  ethylcarbonate         =     5-70    „ 


.•.  Na  in  organic  salts  =     7*69  grms. 

Hence,  of  the  sodium  used  in  reaction, 

42*57  =  percentage  converted  into  ethylcarbonate,  and 
57-43  =*         „  „  „1  [organic  salts. 

23.  In  the  manner  before  described,  the  weight  of  organic  salts  was  found 
to  be  23-34  grms. 

Now  5*7  grms.  sodium  are  equivalent  to  27-76  sodium  ethylcarbonate. 
Therefore,  from  13-39  grms.  sodium  were  obtained 

23*34  grms.  organic  salts,  and 
27*76  grms.  sodium  ethylcarbonate. 
Hence  from  100  grms.  sodium  would  be  obtained 

174-3  grms.  organic  salts,  and 
207-3  grms.  sodium  ethylcarbonate ; 
or,  in  round  numbers,  175  grms.  organic  salts  are  obtained  from  100  grms. 
sodium. 

24.  As  before,  the  acids  were  liberated  from  19*59  grms.  of  the  organic 
salts,  the  remaining  3*75  grms.  being  used  for  other  purposes.  The  volatile 
acids,  after  redistillation,  required  for  neutralization  55*9  cub.  centims. 
standard  caustic  soda,  or  1*285  grm.  Na. 

Now,  since  23*34  grms.  of  the  organic  salts  contained  7*69  grms.  Na, 
19*59  grms.  contained  6*476  grms.  sodium,  of  which,  as  we  have  found, 
1*285  grm.  were  in  salts  of  volatile  acids. 
Therefore 

19*85  =  percentage  of  sodium  in  salts  of  volatile  acids,  and 
80*15  =  „  „  „       fixed  acids. 

25.  The  weight  of  sodium-salts  of  volatile  acids  was  found  to  be  4*08  grms. 
Hence,  as  the  weight  of  the  mixture  of  salts  of  fixed  and  volatile  acids 

was  19-59  grms., 

Weight  of  sodium-salts  of  fixed  acids  =  15*51  grms. 

Therefore,  of  the  total  organic  salts, 

20*82  per  cent,  were  salts  of  volatile  acids,  and 
79*18        „  „  fixed  acids. 

26.  Hence  we  have  the  following  results : — 

Na  as  ethylcarbonate 42-57  per  cent. 

Na  in  organic  salts 57-43       „ 

Na  in  salts  of  volatile  acids  19-85       „ 
Na  in  salts  of  fixed  acids      80*15 
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The  results  of  this  experiment  show  that,  by  keeping  a  current  of  carbonic 
acid  constantly  passing  through  the  alcohol,  the  proportion  of  the  fixed  to 
the  volatile  acids  is  greatly  increased,  as  well  as  the  percentage  of  sodium 
converted  into  organic  salts.  But  how  a  constant  current  of  carbonic  acid 
acts  in  this  way,  is  a  question  to  which  at  present  I  can  give  merely  a  con- 
jectural answer. 

27.  In  the  first  -experiment  22-32  grms.  organic  salts  were  obtained,  and 
it  was  found  that  19-87  grms.  were  soluble  in  alcohol  of  80  per  cent.,  and 
therefore  only  2-45  grms.  insoluble  therein.  The  mean  of  several  determi- 
nations showed  that  a  uniform  mixture  of  the  salts  soluble  in  80  per  cent, 
alcohol  required  for  solution  30  times  its  weight  of  alcohol  of  this  per- 


28.  In  the  last  experiment  the  total  weight  of  organic  salts  was 
23-34  grms.,  and  we  found  they  contained  7*69  grms.  Na. 

Hence  the  mean  percentage  of  sodium  in  the  salts  was  32-95.  This 
result  is  confirmed  by  the  following  analysis : — 

The  dried  sodium  salts  were  mixed  in  a  mortar,  so  as  to  be  as  nearly  as 
possible  of  uniform  composition, 

1-2714  grm.  of  the  mixture  gave  1-2977  grm.  Na2  S04,  or  -4204  Na. 

The  salts  therefore  contained  33-06  per  cent.  Na. 

Numerous  other  analyses  agreed  with  these  results. 

29.  Now  it  is  remarkable  that  the  percentage  of  sodium  in  the  organic 
salts  is  nearly  the  same  as  in  formiate  of  sodium,  which  contains  33-82  per 
cent,  sodium ;  yet  of  the  organic  salts  in  the  last  experiment  only  about  one- 
fourth  were  salts  of  volatile  acids,  and  therefore  not  more  than  one-fourth 
could  be  formiate  of  sodium. 

Now  oxalate  of  sodium,  which  contains  34-33  per  cent,  sodium,  is  the  only 
salt  the  percentage  of  sodium  in  which  is  nearly  the  same  as  in  formiate  of 
sodium  ;  so  that,  at  first  sight,  it  seems  difficult  to  understand  how  a  mix- 
ture of  sodium  salts  of  fixed  and  volatile  acids  can  contain  33*06  per  cent, 
sodium.     The  following  experiment  shows  how  this  is  possible. 

30.  A  determination  was  made  of  the  sodium  in  a  uniform  mixture  of 
that  portion  of  the  organic  salts  which  dissolved  in  80  per  cent,  alcohol. 

•2168  grm.  gave  -2253  grm.  Na2  SO  ,  or  -0729  grm.  Na. 

The  mean  percentage  of  sodium  in  the  salts  was  therefore  33*66. 

Hence,  by  calculation,  1-3932  grm.  of  the  same  salts  contains  -4689  grm, 
sodium.  2-562  grms.  crystallized  oxalic  acid,  which  are  just  sufficient  to 
convert  -4689  grm.  sodium  into  acid  oxalate,  were  dissolved  in  alcohol  and 
added  to  the  solution  of  the  above  1-3932  grm.  in  alcohol  of  80  per  oent. 
The  solution  was  filtered  and  the  precipitated  acid  oxalate  of  sodium  washed 
with  alcohol  of  80  per  cent.  The  filtrate  required  for  neutralization  13-3  cub. 
centims,  standard  caustic  soda,  or  -3059  grm.  Na,  which  is  less  than  the  sodium 
originally  contained  in  the  salts  by  -163  grm.  On  evaporating  the  neutralized 
solution  to  dryness,  the  weight  of  the  residue  was  found  to  be  1-2185  grm., 
"which  is  less  than  the  original  weight  of  the  salts  by  *1747  grm.,  and  this 
agrees  very  nearly  with  -163  grm.,  the  loss  in  sodium.  The  loss  in  weight 
of  the  salts  was  therefore  a  loss  of  sodium. 

Hence  we  see  that  when  the  acids  are  liberated  from  the  sodium-salts,  as 
originally  produced,  they  do  not,  when  neutralized  with  caustic  soda,  take 
tip  the  original  quantity  of  sodium.  The  acids,  therefore,  were  originally 
combined  with  more  than  a  normal  quantity  of  sodium ;  that  is,  not  only 
was  the  basic  hydrogen  replaced  by  sodium,  but  also  some  of  the  non-basic 
or  typical  hydrogen. 
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31.  To  illustrate  this,  let  00  take  the  case  of  malic  acid,  C4  H,  Os.  If 
both  the  basic  and  typical  hydrogen  be  replaced  by  sodium,  we  get  a  salt, 
CA H3  Na3  05,  which  contains  34-5  per  cent,  sodium.  If  the  sodium  in  this 
compound  were  removed  by  oxalic  acid,  and  the  acid  again  neutralized,  we 
should  get  the  normal  salt,  C4  H4  Naa  Of ,  which  only  contains  25*84  per  cent. 
Na.  The  compound  C4  H3  Na3  05  loses,  it  will  be  observed,  one-third  of  its 
sodium  when  converted  into  the  normal  salt,  C4  H4  Naa  Of . 

Again,  C^HaNa.  03,  disodium  glycollate,  contains  38*33  per  cent.  Na.  If 
converted  into  Ca  H3  Na  03,  it  would  lose  one-half  of  its  sodium,  and  than 
contain  only  23-47  per  cent,  sodium. 

As  another  example,  C4H8  Na3  06,  trisodium  racemate,  contains  31*94  per 
cent.  Na,  but  the  normal  salt,  C4  H4  Naa  06,  only  contains  23*71  per  cent.  Na. 

32.  Now  we  found  that  the  liberated  acids  required  for  neutralization 
•3059  grm.  Na,  and  the  residue  on  evaporation  was  1*2185  grm.  Hence  the 
residue  contained  25*1  per  cent.  Na.  This  residue  is,  moreover,  nearly  in- 
soluble in  alcohol  of  80  per  cent.  Hence,  by  liberating  the  acids  from  the 
sodium-salts,  soluble  in  80  per  cent,  alcohol,  and  again  neutralizing,  they 
are  converted  into  salts  insoluble  in  80  per  cent,  alcohol,  and  the  percentage 
of  sodium  is  reduced  from  33*66  to  25*1. 

33.  In  the  above  experiment,  the  original  quantity  of  sodium  in  the  salts 
was  -4689,  and  the  loss  of  sodium,  as  before  stated,  was  '163  grm. 

Now,  — —  -B  2*88,  which  is  nearly  3. 

The  salts  thus  lose  nearly  one-third  of  their  sodium.  It  does  not  follow 
from  this,  however,  that  the  acids  are  principally  dibasic  and  triatomic  acids ; 
for  I  have  found  the  product  of  the  reaction  to  be  a  very  complex  mixture,  and 
therefore  the  mean  loss  of  more  than,  one-third  of  the  sodium  might  result  in 
a  large  number  of  ways  from  mixtures  of  sodium-salts  of  acids  having  a  greater 
atomicity  than  basicity. 

34.  An  aqueous  solution  of  the  salts  soluble  in  80  per  cent,  alcohol  ac- 
quires, on  evaporation,  an  alkaline  reaction,  owing  to  the  formation  of  caustic 
soda,  and  the  residue  is  not  entirely  soluble  in  80  per  cent,  alcohol.  Pro- 
bably the  whole  of  the  synthetically  formed  salts  are  originally  soluble  in 
80  per  cent,  alcohol,  but,  as  might  be  expected  from  their  containing  more 
than  a  normal  quantity  of  sodium,  are  partially  decomposed  by  evaporation 
into  caustic  soda  and  salts  insoluble  in  80  per  cent,  alcohol,  or  into  oxalate 
of  sodium  and  the  same  salts  by  the  addition  of  more  oxalic  acid  than  is 
sufficient  to  decompose  the  ethylcarbonate. 

35.  In  previous  Reports  to  the  Association,  I  showed  that  formic  acid  is 
one  of  the  volatile  acids.  It  is  not,  however,  the  only  one,  as  the  following 
results  prove. 

Fart  of  the  volatile  acids  distilled  over  with  the  alcohol  at  200°  F.  The 
distillate  required  for  neutralization  8*85  cub.  centims.  standard  caustic  soda  or 
•2035  grm.  Na.  The  residue,  on  evaporation,  was  -61  grm.,  which  therefore 
contained  33*36  per  cent.  Na.  This  result  is  confirmed  by  the  following 
analysis :  *1614  grm.  of  the  residue  gave  *166  grm.  Naa  SO  ,  or  *0538  Na. 
The  residue  therefore  contained  33*32  per  cent.  Na,  and  was  therefore  nearly 
pure  formiate,  which  contains  33*82  per  cent,  sodium. 

The  volatile  acids  which  distilled  above  200°  F.  required,  for  neutralization, 
47*05  cub.  centims.  caustic  soda,  or  1*082  Na.  The  residue,  on  evaporation, 
was  3-466  grms.,  which  therefore  contained  31*22  per  cent.  Na,  which  is  2-0 
per  cent,  less  than  in  formiate. 
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Again,  the  volatile  acids  from  the  last  four  bottles  required  for  neutraliza- 
tion 2*44  grms.  Na,  and  the  residue  of  sodium-salts  was  found  to  be 
7*74  grms.,  which  therefore  contained  31-52  per  cent.  Na.  This  is  2-3  per 
cent,  less  than  in  formiate  of  sodium. 

These  results  agree  in  showing  that  the  volatile  acids  contain  at  least  one 
acid  of  higher  molecular  weight  than  formic  acid.  I  have  recognized  one 
such  acid,  and  have  succeeded  in  separating  it  from  the  formic  acid. 

36.  The  most  general  supposition  which  can  be  made  with  respect  to  the 
theory  of  the  production  of  the  fixed  and  volatile  acids  in  these  researches  is, 
that  they  are  due  to  the  mutual  action  of  carbonic  acid,  alcohol,  and  nascent 
hydrogen,  evolved  by  the  action  of  sodium-amalgam  on  absolute  alcohol,  as 
represented  by  the  expression 

*COa  +  yHa  +  *CaH60  -  u>HaO. 

37.  The  results,  however,  of  an  elaborate  examination  of  the  fixed  acids, 
into  the  details  of  which  it  is  not  my  intention  to  enter  here,  taken  in  con- 
nexion with  the  conclusions  drawn  from  the  examination  of  the  volatile 
acids,  have  shown  that  probably  the  whole  of  the  volatile  acids,  and  a  con- 
siderable part  of  the  fixed  acids,  are  produced  by  the  direct  action  of  nascent 
hydrogen  or  carbonic  acid,  as  represented  by  the  equation 

*COa  +  yHa  -  wK20  =  C.H^-.jO,.... 

38.  Before,  then,  we  can  determine  the  compounds  (if  any)  for  the  produc- 
tion of  which  the  presence  of  alcohol  is  essential,  it  is  necessary  to  investi- 
gate thoroughly  the  fixed  and  volatile  acids  produced  by  the  action  of  nascent 
hydrogen  on  carbonic  acid  when  carbonic  acid  is  passed  through  water  con- 
taining sodium  amalgam. 

The  replacement  of  the  oxygen  in  carbonic  acid  by  hydrogen  in  so  simple 
a  manner  is  undoubtedly  a  step  in  synthesis  which  assimilates,  for  the  first 
time,  our  synthetical  processes  to  those  which  we  may  suppose  to  take  place 
in  plants  where  the  most  complicated  compounds  are  produced  from  carbonic 
acid  and  water. 

39.  The  results  of  my  researches  during  the  past  year  maybe  briefly  sum- 
marized as  follows : — 

(1)  That  if  a  current  of  dry  carbonic  acid  be  kept  constantly  passing 
through  absolute  alcohol  which  is  in  contact  with  sodium -amalgam  containing 
about  2  per  cent,  of  sodium,  for  every  100  grms.  of  sodium  used  in  the  re- 
action at  least  175  grms.  of  sodium-salts  of  organic  acids  are  formed  syn- 
thetically, about  35  grms.  of  which  are  the  sodium-salts  of  volatile  acids,  and 
the  remaining  140  grms.  are  the  sodium  salts  of  fixed  acids. 

(2)  That  the  volatile  acids  consist  of  formic  acid  and  at  least  one  other 
acid  of  higher  molecular  weight. 

(3)  That  the  fixed  acids  are  principally  acids  having  a  greater  atomicity 
than  basicity,  and  they  are  originally  produced  as  sodium-salts,  in  which  both 
the  basic  and  typical  hydrogen  of  the  acid  are  replaced  by  sodium. 

(4)  That  probably  the  whole  of  the  volatile  acids,  and  a  considerable  part 
of  the  fixed  acids,  are  produced  by  the  direct  action  of  nascent  hydrogen  on 
carbonic  acid. 

I  cannot  conclude  this  Report  without  thanking  Dr.  Maclagan,  Professor 
of  Medical  Jurisprudence  in  the  University  of  Edinburgh,  for  the  great  kind- 
ness and  liberality  with  which  he  placed  the  resources  of  his  laboratory  at  my 
disposal ;  but  I  am  especially  indebted  to  Dr.  Arthur  Gamgee  for  much  valu- 
able assistance. 
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Report  on  the  best  means  of  providing  for  a  uniformity  of  Weights 
and  Measures,  with  reference  to  the  Interests  of  Science.  By  a 
Committee,  consisting  of  Sir  John  Bowring,  The  Rt.  Hon.  C.  B. 
Adderley,  M.P.,  Mr.  Samuel  Brown,  Mr.  W.  Ewart,  M.P.,  Dr. 
Farr,  Mr.  J.  Frank  Fellows,  Prof.  Frankland,  Prof.  Hennessy, 
Mr.  James  Heywood,  Sir  Robert  Kane,  Prof.  Leone  Levi,  Prof. 
W.  A.  Miller,  Prof.  Rankine,  Mr.  C.  W.  Siemens,  Col.  Sykes, 
M.P.,  Prof.  A.  W.  Williamson,  Mr.  James  Yates,  Dr.  George 
Glover,  Mr.  Joseph  Whitworth,  Mr.  J.  R.  Napier,  Mr.  H. 
Dircks,  Mr.  J.  N.  V.  Bazalgette,  Mr.  W.  Smith,  Mr.  W* 
Fairbairn,  Mr.  John  Robinson  : — Prof.  Leone  Levi,  Secretary. 

It  is  now  five  years  since,  at  the  Meeting  of  the  British  Association  held 
in  Newcastle,  a  Committee  was  appointed  to  report  on  the  best  means  of 
providing  for  a  uniformity  of  weights  and  measures  with  reference  to  the 
interests  of  science,  and  since  then  their  instructions  have  been  enlarged  to 
the  effect  that  they  should  diffuse  the  knowledge  of  the  relation  amongst 
systems  of  Moneys,  Weights,  and  Measures.  Upon  the  first  point  regarding 
the  uniformity  of  weights  and  measures,  your  Committee  have  already  re- 
ported that  the  only  mode  of  attaining  such  uniformity  under  present  cir- 
cumstances is  by  the  universal  adoption  of  the  Metric  System ;  and  they  are 
confirmed  in  that  decision  by  the  very  general  concurrence  of  opinion  in 
favour  of  this  system,  the  repeated  decisions  of  the  International  Statistical 
Congress,  the  practical  adoption  of  the  Metric  System  by  many  civilized 
nations,  the  entire  satisfaction  it  affords  wherever  it  has  been  introduced, 
and,  lastly,  by  the  extended  and  growing  public  opinion  in  favour  of  the  same 
in  this  country.  Other  natural  units  have  been  urged  for  consideration,  but 
your  Committee  have  decided  on  the  Metre  as  the  best  unit,  solely  from 
practical  considerations.  They  have  seen  the  absolute  necessity  of  a  change 
in  the  Weights  and  Measures  of  the  country,  from  the  extreme  complication 
of  the  tables,  from  the  great  diversities  which  exist  throughout  the  country, 
and  from  the  extreme  difficulty  of  teaching  the  present  method,  or  of  retain- 
ing it  when  learnt.  They  are  convinced  that  we  cannot  introduce  even  the 
decimal  scale  in  the  present  system  without  producing  considerable  change, 
and  they  have  concluded  that  if  a  change  is  to  be  made  it  is  most  desirable 
to  adopt  the  Metric  System,  which  is  at  once  simple  and  complete,  and  is 
certain  sooner  or  later  to  be  in  general  use  throughout  the  world.  It  should 
be  remembered  that  the  metre  is  no  longer  an  abstract  idea — a  scientific  con- 
ception. It  is  a  definite  length — the  length  of  a  concrete  object,  deposited  at 
the  Archives  of  Paris,  and  exactly  copied  in  the  standards  within  our  own 
reach.  The  time  is  past  for  finding  out  the  best  natural  unit,  and  we  must 
be  satisfied  with  what  we  have  got ;  viz.  a  unit  really  universal  from  its  wide 
diffusion  among  modern  nations. 

Tour  Committee  are  pleased  to  report  that  a  Bill  to  establish  Metric  Weights 
and  Measures  has  been  introduced  in  the  House  of  Commons  by  Mr.  Ewart, 
and  has  met  with  a  most  satisfactory  reception  from  both  sides  of  the  House. 
The  President  of  the  Board  of  Trade,  Mr.  Cave,  in  voting  for  the  second  reading 
of  the  same,  said : — "  There  can  be  no  doubt  that  the  progress  of  opinion  in 
this  and  other  countries  as  to  an  international  system  of  Weights  and  Mea- 
sures as  well  as  of  coinage  within  the  last  few  years  has  been  remarkable. 
It  may  be  dated  from  the  Great  Exhibition  of  1851,  and  has  received  enor- 
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mous  impulse  from  the  increased  facility  of  locomotion,  and  the  growth  of 
telegraphic  as  well  as  postal  communication  between  the  nations  of  the  world. 
The  French  Metric  System  has  already  been  adopted  as  an  international 
system  in  several  countries  of  Europe,  and  by  the  United  States  of  America. 
Its  introduction  into  British  India  in  substitution  for  the  existing  complicated 
system  is  now  in  contemplation.  There  can  be  no  question  as  to  the  advan- 
tage to  all  persons  engaged  in  transactions  with  foreign  countries  involving 
weights  and  measures  in  such  an  international  system ;  and  considering  the 
great  advantages  of  the  simplicity  of  its  decimal  scale,  and  of  the  relation  of 
the  measures  of  length,  weight,  and  capacity  to  each  other,  as  well  as  the 
adaptation  of  all  these  to  the  coinage,  and  the  fact  of  its  having  been  already 
adopted  by  several  countries  as  an  international  system,  it  must  be  admitted 
that  if  a  new  system  is  to  be  adopted  in  this  country,  it  can  be  none  other 
than  the  Metric  System  as  established  in  France."  The  whole  discussion  on 
the  second  reading  of  the  Bill  which  resulted  in  its  being  so  read  by  a 
majority  of  217  against  65,  is  calculated  to  further  the  object  in  view,  and  as 
a  means  of  diffusing  information  on  the  subject,  your  Committee  have  con- 
tributed a  small  amount  to  the  expense  of  publishing  the  same  in  a  separate 
form  for  general  circulation.  Owing  to  the  lateness  of  the  season,  and  the 
enormous  amount  of  work  before  the  House,  Mr.  Ewart  agreed  to  withdraw 
the  Bill,  and  the  President  of  the  Board  of  Trade  urged  the  same  course  in 
order  to  give  time  to  the  Royal  Commission  on  the  Standards  to  make  their 
report.  The  First  Report  of  that  Commission  has  just  been  issued,  and  your 
Committee  are  glad  to  find  that  the  Commissioners  have  given  to  the  Metric 
System  considerable  prominence ;  but  it  is  quite  evident  that  the  object  of 
the  Commission,  which  is  now  confined  to  inquire  into  the  condition  of  the 
Exchequer  Standards,  must  be  enlarged  before  the  Commissioners  can  be  ex- 
pected to  deal  with  the  question  of  substituting  altogether  the  metric  for  the 
old  standards.  Your  Committee  are  pleased,  however,  to  find  from  the  second 
Report  of  the  Warden  of  the  Standards,  that  he  has  laid  before  the  Commis- 
sioners the  laws,  ordinances,  and  official  instructions  relating  to  the  Metric 
System  and  its  establishment  in  France,  and  that  he  was  collecting  the  same 
information  as  regards  other  countries.  In  connexion  with  the  Bill  in  the 
House  of  Commons,  your  Committee  learn  with  great  regret  the  retirement 
from  parliamentary  life  of  Mr.  William  Ewart,  whose  labours  in  the  cause 
have  been  as  judicious  as  they  were  persevering  and  successful. 

Public  opinion  having  manifested  itself  so  strongly  in  favour  of  the  Metric 
System,  your  Committee  hope  that  Her  Majesty's  Government  will  proceed 
further  in  the  direction  of  introducing  it  as  soon  as  it  is  practicable.  And 
again  would  they  urge  that  the  Government  should  without  delay  adopt  the 
Metric  Weights  and  Measures  in  the  Post-office,  in  the  Dockyards,  and  in 
the  Customs. 

With  a  view  to  exhibit  the  relation  of  the  metre  to  the  yard,  your  Com- 
mittee have  obtained  the  Mural  Standard  described  in  their  previous  Reports. 
A  copy  of  the  same  has  been  forwarded  to  the  Ashmolean  Museum  in  Oxford. 
A  copy  has  been  placed  in  the  long  room  of  the  Custom  House  in  London  and 
Liverpool.  One  has  been  deposited  in  Dundee,  and  other  copies  have  also 
been  promised  for  public  places  in  the  United  Kingdom.  Having  regard  also 
to  the  efforts  made  by  the  United  States  of  America  to  advance  pari  passu 
with  this  country  in  the  introduction  of  the  Metric  System,  your  Committee 
have  taken  advantage  of  the  presence  in  this  country  of  Mr.  Barnard,  Profes- 
sor of  Astronomy  in  Harvard  College,  for  presenting  to  that  College  a  copy 
of  the  Mural  Standard  that  it  may  be  publicly  exhibited.   Such  Mural  Stand- 
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ard,  with  a  small  tablet,  explaining  in  few  words  the  principles  of  the  Metric 
System,  and  the  table  of  all  Metric  Weights  and  Measures,  is  well  calculated 
to  enlighten  the  public  mind  on  the  subject. 

With  the  prospect  that  at  an  early  period  the  use  of  the  Metric  System  will 
be  rendered  compulsory,  your  Committee  consider  it  of  the  highest  importance 
to  diffuse  the  knowledge  of  the  same  in  schools  and  colleges,  and  among 
members  of  Literary  and  Mechanic  Institutions  throughout  the  country.  One 
of  the  first  steps  taken  by  your  Committee  when  they  were  first  appointed, 
was  to  offer  a  small  prize  for  the  best  school-book  on  the  Metric  System, 
and  also  to  wait  on  the  President  of  the  Committee  of  Council  on  Education 
for  the  purpose  of  suggesting  the  introduction  of  the  Metric  System  into  the 
examination  of  teachers  in  training  schools.  These  two  objects  have  again 
been  under  consideration ;  and  with  a  view  to  encourage  the  teaching  of  the 
Metric  System,  your  Committee  have,  by  the  instrumentality  of  the  Society 
for  the  Encouragement  of  Arts,  Manufacture,  and  Commerce,  offered  three 
prizes  of  £5,  £3,  and  £2  to  such  candidates  who  at  their  annual  examination 
shall  exhibit  the  greatest  proficiency  in  the  Metric  System.  A  similar 
arrangement  has  also  been  concluded  with  the  Committee  of  the  British  and 
Foreign  School  Society,  which  is  connected  with  upwards  of  one  thousand 
schools  throughout  England ;  and  your  Committee  have  with  pleasure  offered 
two  prizes  of  £5  each,  to  be  awarded  to  such  Students  in  their  Training  Col- 
leges, who  shall  show  the  most  perfect  acquaintance  with  the  Metric  System. 
And  your  Committee  would  consider  it  of  great  advantage  to  offer  the  same 
encouragement  to  the  schools  connected  with  the  National  Society,  and  the 
Home  and  Colonial  School  Society.  The  prize  for  the  production  of  an  ele- 
mentary school-book  conveying  the  most  requisite  information  in  the  most 
attractive  form  has  again  been  advertised. 

It  having  come  to  the  knowledge  of  the  Committee  that  the  Eoyal  Society 
is  now  sending  Dr.  Carpenter  and  Professor  Wyville  Thompson  in  Her 
Majesty's  Steamship  '  lightning/  under  Lieutenant  May,  to  dredge  in  the 
North  Atlantic,  and  that  a  log  and  a  sounding  machine  had  been  recently 
constructed  by  Messrs.  Walker  and  Son  of  Birmingham,  to  measure  in  Metres, 
Kilometres,  and  Myriametres,  your  Committee  have  presented  these  two 
instruments  to  Dr.  Carpenter  as  part  of  the  equipment  for  the  voyage ;  Dr. 
Carpenter  agreeing  to  communicate  the  results  in  the  terms  of  the  Metric 
System. 

Abroad  the  Metric  System  is  making  constant  progress.  During  this  year 
it  has  been  adopted  in  North  Germany,  and  Austria  is  preparing  to  follow  in 
the  same  course.  With  reference  to  the  measurement  of  tonnage,  your  Com- 
mittee have  learnt,  that  the  Chancellor  of  the  North  German  Confederation 
having  moved  the  Federal  Council  that  the  presiding  power  should  be  autho- 
rized to  open  negotiations  with  Great  Britain,  and  subsequently  with  other 
maritime  powers,  including  the  United  States  of  America,  for  establishing  an 
international  system  of  ship  measurement  on  the  basis  of  the  English  system, 
the  Federal  Council  resolved  that  the  proposed  system  should  be  based  upon 
the  metrical  principle  instead  of  the  English  tonnage.  In  Spain  the  Metric 
System  of  Weights  and  Measures  has  been  rendered  compulsory  from  the  1st 
July,  1868.  In  the  United  States  of  America  considerable  progress  has  been 
made.  A  circular  letter,  signed  by  great  numbers  of  schoolmasters  and  other 
teachers,  advises  that  all  books  of  arithmetic  should  contain  the  system. 
And  the  last  meeting  of  the  International  Statistical  Congress  held  at  Flo- 
rence, unanimously  resolved  as  follows : — "  The  Congress  of  Florence,  in  ac- 
cordance with  the  opinion  emitted  by  all  the  previous  Statistical  Congresses, 
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recommend  the  universal  adoption  of  a  uniform  system  of  weights  and  mea- 
sures founded  on  the  Metric  Decimal  System."  The  Congress  expressed  the 
wish  that  the  knowledge  of  the  same  he  diffused  as  much  as  possible,  and  with 
a  view  to  that  object  it  recommended  the  teaching  of  the  system  in  all  primary 
schools,  the  use  of  publications  adapted  to  the  intelligence  of  the  greatest 
number,  and  the  adoption  of  all  the  means  of  instruction  proposed  in  the 
report  of  M.  Jacobi  adopted  by  the  Conference  held  in  Paris  in  June  1867. 
Some  idea  of  the  universality  which  the  Metric  System  has  already  attained, 
may  be  found  from  the  fact  that  already  as  many  as  thirteen  countries, 
including  France,  Belgium,  the  Netherlands,  Italy,  the  Roman  States,  Spain, 
Portugal,  Greece,  Mexico,  Chili,  Brazil,  New  Grenada,  and  other  South  Ame- 
rican Republics,  with  an  aggregate  population  of  upwards  of  146,000,000, 
have  established  one  uniform  Decimal  System  founded  on  the  Metre.  Seven 
more  countries,  with  an  aggregate  population  of  68,000,000,  have  also 
adopted  parts  of  the  same ;  whilst  this  country  and  the  United  States,  having 
together  60,000,000,  have  introduced  the  same  in  a  permissive  manner. 
And  in  India  the  Government  of  the  Bengal  Presidency  recommended  the 
adoption  of  the  Metric  System  as  the  best  means  for  introducing  simplicity 
and  unity  in  the  Weights  and  Measures  of  that  vast  Empire. 

The  population  of  and  trade  with  the  countries  which  use  the  Metric 
System  of  Weights  and  Measures,  is  as  follows : — 

The  amount  of  trade  being  exracted  from  the  annual  accounts  of  the  Board 
of  Trade  for  1866. 

Countries  where  the  Metric  System  is  obligatory. 


Countries. 


Population 


Real  Value 
of  Import*. 


Declared  value 
of  Exports  of 

British,  Foreign, 
and  Colonial 
Merchandise. 


Total  Trade. 


Prance,  with  Algeria 

Belgium  

Netherlands 

Italy 

Roman  States 

Spain  and  Colonies 

Portugal  and  Colonies   

Greece 

Mexico... 

Chili 

Brazil  

New  Grenada 

Other  South  American  Republics 


40,500,000 
5,000,000 

23,000,000 

24,000,000 
700,000 

21,000,000 
8,000,000 
1,200,000 
8,200,000 
1,600,000 
8,000,000 
2,200,000 
3,000,000 


£37,000,000 

7,900,000 

11,800,000 

3,800,000 

10,000,000 
3,200,000 
900,000 
300,000 
2,900,000 
7,200,000 
1,500,000 
6,500,000 


£26, 600,000 

6,800,000 

16,800,000 

6,900,000 

6,800,000 
2,600,000 
900,000 
1,300,000 
1,900,000 
7,300,000 
3,000,000 
5,000,000 


£63,600,000 
14,700,000 
28,600,000 
10,700,000 

16,800,000 
5,800,000 
1,800,000 
1,600,000 
4,800,000 

14,500,000 
4,500,000 

11,500,000 


146,400,000 


£93,000,000 


£85,900,000 


£178,900,000 


Countries  where  the  Metric  System  has  been  only  partially  introduced. 


Switzerland... 

Baden  

Prussia 

Bavaria    

Wurtemburg 

Denmark 

Austria 


2,500,000 
1,400,000 

1 8,000,000 
4,500,000 
2,200,000 
3,000,000 

37,000,000 


68,600,000 


£18,800,000 

2,300,000 
1,300,000 


£22,400,000 


£24,800,000 
2,100,000 
1,000,000 


£27,900,000 


£43,600,000 
4,400,000 
2,300,000 


£50,300,000 
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Table  {continued). 
Countries  where  it  is  permissive. 


Countries. 

Population. 

Real  Value 
of  Imports. 

Declared  value 

of  Exports  of 

British,  Foreign, 

and  Colonial 

Merchandise. 

Total  Trade. 

United  Kingdom 

29,000,000 
31,000,000 

£46,800,000 

£31,800,000 

£78,600,000 

United  States  of  America  ......... 

60,000,000 

£46,800,000 

£31,800,000 

£78,600,000 

Summary. 


Countries  where  it  is  obligatory . 
In  part  only 

146400,000 
68,600,000 
60,000,000 

£93,000,000 
22,400,000 
46,800,000 

£85,900,000 
27,900,000 
31,800,000 

£178,900,000 

50,300,000 
78,600,000 

Permissive  ... 

275,000,000 

£162,200,000 

£145,600,000 

£307,800,000 

Total  Trade 

£295,000,000 

£239,000,000 

£534,000,000 

Percentage  of   the  Trade  with 
Countries    using    the   Metric 
System 

54 

61 

57 

As  regards  International  Coinage,  your  Committee  have  already  reported 
the  result  of  the  two  Conferences  which  were  held  in  Paris  in  June  1867. 
A  report  of  the  official  conference  having  been  presented  to  Her  Majesty's 
Government,  a  Eoyal  Commission  was  issued  to  consider  and  report  upon  the 
recommendations  of  the  Conference,  and  their  adaptability  to  the  circum- 
stances of  the  United  Kingdom,  and  whether  it  would  be  desirable  to  make 
any  and  what  changes  in  the  coinage  of  the  United  Kingdom,  in  order  to 
establish,  either  wholly  or  partially,  such  uniformity  as  the  Conference  had 
in  contemplation.  The  Commissioners  have  completed  their  labours  and  pre- 
sented their  Report  to  Parliament,  but  the  same  has  not  yet  been  published. 
A  report  of  the  unofficial  International  Conference  on  Weights,  Measures, 
and  Coins  has  been  communicated  by  Professor  Leone  Levi  to  Lord  Stanley 
and  was  laid  before  Parliament.  During  the  year  a  Bill  was  presented  to 
the  United  States  Congress  for  placing  their  coinage  in  direct  relation  to  the 
French,  by  reducing  the  value  of  the  half  eagle  3J  per  cent.,  so  that  it  may 
be  worth  25  francs.  The  Bill  was  read  a  second  time,  and  a  clause  was  in- 
serted granting  compensation  to  holders  for  the  difference  between  the  value 
of  the  existing  coinage  and  that  of  the  future  currency ;  but  the  Bill  stands 
over  for  consideration,  probably  till  the  Report  of  the  Royal  Commission  in 
this  country  is  made  known.  Canada  has  introduced  a  Bill  to  the  same  effect. 
Spain  has  engaged  to  coin  gold  pieces  of  10  francs  and  25  francs.  Roumania 
has  adopted  the  system  of  the  Convention.  The  German  Parliament  passed 
a  resolution  in  favour  of  a  decimal  currency.  Austria  has  entered  into  the 
Convention.  And  at  the  International  Statistical  Congress  held  at  Florence, 
the  following  resolutions  were  passed  in  favour  of  such  uniformity : — 

1.  The  Congress  reoommend  the  adoption  of  a  uniform  monetary  system  in  all  States 
on  the  basis  of  a  gold  standard,  assisted  by  silyer  coin,  also  uniform  everywhere,  for  ex- 
ternal circulation. 
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2.  The  Congress  entrusts  to  a  Central  Committee  the  duty  to  gather,  classify,  and  pub- 
lish in  the  most  known  journals  of  Europe  the  data  of  the  production,  and  immediate 
diffusion  over  the  markets  of  tho  Old  and  New  World  of  the  precious  metals,  and  of  tha 
mintage  operations  of  different  States. 

3.  The  Congress  recommends  the  study  and  development  of  the  laws  under  which  the 
precious  metals,  whether  in  coin  or  bullion,  move  from  place  to  place. 

4.  It  is  desirable  to  define  according  to  the  dictates  of  science,  and  the  character  of  the 
different  institutions,  the  paper  money  which  represent  or  replace  the  coinage. 

5.  It  is  desirable  to  have  periodical  or  bimonthly  accounts  of  the  variations  in  the 
amount  of  such,  and  of  the  relation  which  exists  between  such  paper  money  and  the  pre- 
cious metal. 

7.  It  is  desirable  to  endeavour  to  obtain,  if  possible,  statistical  data  of  the  circulation 
not  included  in  paper  money  or  other  instruments  of  credit. 
A  schedule  of  the  required  data  on  such  subjects  was  also  furnished  as  follows : — 
Production,  distribution,  and  consumption  or  use  of  the  precious  metals. 

1.  Production. — Gold  and  silver :  indicate  as  respects  gold  if  it  has  been  obtained  by 
extraction  or  by  washing.  Note  the  place  or  centre  of  production.  Give  the  weight  and 
value  of  annual  production. 

2.  Distribution,  Imports,  and  Exports. — Countries  which  send  and  receive  by  sea  or 
land.  Give  the  quantity  and  kind  imported  and  exported,  whether  ingots,  coins,  objects 
of  art,  or  simple  industrial  product.  Prepare  a  monthly  table  of  imports  and  exports 
with  such  details. 

3.  Consumption  or  use. — Weight  and  value  of  coinage  pieces  of  every  kind  having 
legal  course  in  the  State  issued  by  the  Mint  Amount  of  old  coin  withdrawn.  Quantity 
of  the  precious  metal  consumed  in  gold  and  silver  work  and  jewelleries.  Quantity  and 
value  absorbed  for  industrial  uses  of  every  kind.    Valuation  of  annual  loss. 

As  the  Report  of  the  Royal  Commissioners  on  International  Coinage  will 
be  soon  published,  your  Committee  defer  pronouncing  any  opinion  on  the 
subject  for  the  present.  The  great  object  for  which  your  Committee  has  been 
formed  is  steadily  advancing,  and  your  Committee  entertain  the  firm  convic- 
tion that  notwithstanding  all  opposing  influences,  it  will  be  eventually  and 
at  no  great  distance,  fully  and  successfully  carried  out. 


Committee  for  the  purpose  of  promoting  the  extension,  improvement, 
and  harmonic  analysis  of  Tidal  Observations.  Consisting  of  Sir 
William  Thomson,  LL.D.,  F.R.S.,  Prof.  J.  C.  Adams,  F.R.S., 
The  Astronomer  Royal,  F.R.S.,  J.  F.  Bateman,  F.R.S.,  Admiral 
Sir  Edward  Belcher,  K.C.B.,  T.  G.  Bunt,  Staff-Commander 
Burdwood,  R.N.,  Warren  De  La  Rue,  F.R.S.,  Prof.  Fischer, 
F.R.S.,  J.  P.  Gassiot,  F.R.S.,  Prof.  Haughton,  F.R.S.,  J.  R. 
Hind,  F.R.S.,  Prof.  Kelland,  F.R.S.,  Staff-Captain  Moriarty, 
C.B.,  J.  Oldham,  C.E.,  W.  Park.es,  M.  Inst.  C.E.,  Prof.  B.  Price, 
F.R.S.,  Rev.  C.  Pritchard,  LL.D.,  F.R.S.,  Prof.  Rankine,  LL.D., 
F.R.S.,  Captain  Richards,  R.N.,  F.R.S.,  Dr.  Robinson,  F.R.S., 
Lieut.-General  Sabine,  President  of  the  Royal  Society,  W.  Sissons, 
Prof.  Stokes,  D.C.L.,  F.R.S.,  T.  Webster,  M.A.,  F.R.S.,  and  Prof. 
Fuller,  M.A.,  and  J.  F.  Iselin,  M.A.,  Secretaries. 
Report  by  Sir  W.  Thomson. 

The  following  Circular,  issued  to  the  Committee  in  December  1867,  explains 
the  plan  of  procedure  proposed  and  the  progress  made  in  the  investigations 
up  to  that  date  : — 

1868.  2  l 
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December  1867. 

Sib, — We  beg  to  invite  your  attention  to  the  following  statement,  drawn 
up  by  Sir  William  Thomson,  for  the  purpose  of  explaining  to  the  members  of 
the  Committee  on  Tidal  Observations,  the  special  objects  he  had  in  view  in 
moving  the  appointment  of  that  Committee. 

We  shall  feel  obliged  by  your  favouring  us  at  your  earliest  convenience 
with  any  remarks  on  this  statement  which  may  occur  to  you,  and  with  any 
further  suggestions  you  may  wish  to  lay  before  the  Committee. 

We  are,  Sir, 

Your  obedient  Servants, 


Frederick  Fuller,  1  QiM.     • 
J.  F.Iseun,  fXecrdaru*. 


[§§  1-11  of  what  follows  is,  with  a  few  corrections,  the  statement  which 
was  circulated  in  December.  The  foot-notes  in  brackets  [  ]  have  been  added 
this  day,  Aug.  19, 1868.] 

1.  The  chief,  it  may  be  almost  said  the  only,  practical  conclusion  deducible 
from,  or  at  least  hitherto  deduced  from,  the  dynamical  theory  is,  that  the 
height  of  the  water  at  any  place  may  be  expressed  as  the  sum  of  a  certain 
number  of  simple  harmonic  functions*  of  the  time,  of  which  the  periods  are 
known,  being  the  periods  of  certain  components  of  the  sun's  and  moon's 
motionsf.  Any  such  harmonic  term  will  be  called  a  tidal  constituent,  or 
sometimes,  for  brevity,  a  tide.  The  expression  for  it  in  ordinary  analytical 
notation  is  A  cos  nt + B  sin  nt ;  or  R  cos  (nt — e) ,  if  A =E  cos  c,  and  B =B  sin  e ; 
where  t  denotes  time  measured  in  any  unit  from  any  era,  n  the  correspond- 
ing angular  velocity  (a  quantity  such  that  —  is  the  period  of  the  function). 

It  and  e  the  amplitude  and  the  epoch,  and  A  and  B  coefficients  immediately 
determined  from  observation  by  the  proper  harmonic  analysis  (which  consists 
virtually  in  the  method  of  least  squares  applied  to  deduce  the  most  probable 
values  of  these  coefficients  from  the  observations). 

2.  The  chief  tidal  constituents  in  most  localities,  indeed  in  all  localities  where 
the  tides  are  comparatively  well  known,  are  those  whose  periods  are  twelve 
mean  lunar  hours,  and  twelve  mean  solar  hours  respectively.  Those  which 
probably  stand  next  in  importance  are  the  tides  whose  periods  are  approxi- 
mately twenty-four  hours.  The  former  are  called  the  lunar  semidiurnal 
tide,  and  solar  semidiurnal  tide ;  the  latter,  the  lunar  diurnal  tide  and  the 
solar  diurnal  tide  J.  There  are,  besides,  the  lunar  fortnightly  tide  and  the 
solar  semiannual  tide§.  The  diurnal  and  the  semidiurnal  tides  have  in- 
equalities depending  on  the  excentricity  of  the  moon's  orbit  round  the  earth, 
and  of  the  earth's  round  the  sun,  and  the  semidiurnal  have  inequalities 
depending  on  the  varying  declinations  of  the  two  bodies.  Each  such  in- 
equality of  any  one  of  the  chief  tides  may  be  regarded  as  a  smaller  super- 
imposed tide  of  period  approximately  equal ;  producing,  with  the  chief  tide, 
a  compound  effect  which  corresponds  precisely  to  the  discord  of  two  simple 
harmonic  notes  in  music  approximately  in  unison  with  one  another.     These 

•  See  Thornton  and  Taitf  s  <  Natural  Philosophy/  §§  53,  54. 
t  See  Laplace,  '  Meoanique  Celeste,'  liv.  iy.  §  16.    Air^s  '  Tides  and  Wares/  §585. 
+  See  Air/s  'Tides  and  Waves,'  §§46,  49;  or  Thomson  and  Taitfs  'Natural  PhOo- 
phy,'  §  808. 

y's  'Tides  and  Waves,'  §  45 ;  or  Thomson  and  Tait's '  Natural  Philosophy/  §  880. 
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constituents  may  be  called  for  brevity  elliptic  and  declinational  tides.  But 
two  of  the  solar  elliptic  diurnal  tides  thus  indicated  have  the  same  period, 
being  twenty-four  mean  solar  hours.  Thus  we  have  in  all  twenty-three  tidal 
constituents : — 

Coefficients  of  t  in  argument*. 
Lunar.  Solar. 

The  lunar  monthly  and  solar  annual  (elliptic) . 
The  lunar  fortnightly  and  solar  semiannual  1 
(declinational)    ........  J 

The  lunar  and  solar  diurnal  (declinational)    . 

The  lunar  and  solar  semidiurnal    .... 

The  lunar  and  solar  elliptic  diurnal    .     .     . 


The  lunar  and  solar  elliptic  semidiurnal . 

The  lunar  and  solar  declinational  semi-  ] 
diurnal J 

3.  Here  y  denotes  the  angular  velocity  of  the  earth's  rotation,  and  or,  jy,  vr 
those  of  the  moon's  revolution  round  the  earth,  of  the  earth's  round  the  sun, 
and  of  the  progression  of  the  moon's  perigee.  The  motion  of  the  first  point 
of  Aries,  and  of  the  earth's  perihelion,  are  neglected.  It  is  almost  certain 
that  the  slow  variation  of  the  lunar  declinational  tides  due  to  the  retrogres- 
sion of  the  nodes  of  the  moon's  orbit,  may  be  dealt  with  with  sufficient 
accuracy  according  to  the  equilibrium  method ;  and  the  inequalities  produced 
by  the  perturbations  of  the  moon's  motion  are  probably  insensible.  But 
each  one  of  the  twenty-three  tides  enumerated  above  is  certainly  sensible 
on  our  coasts.  And  there  are  besides,  as  Laplace  has  shown,  very  sensible 
tides  depending  on  the  fourth  power  of  the  moon's  parallax*,  the  inves- 
tigation of  which  must  be  included  in  the  complete  analysis  now  sug- 
gested, although  for  simplicity  they  have  been  left  out  of  the  preceding 
schedule.  The  amplitude  and  the  epoch  of  each  tidal  constituent  for  any 
part  of  the  sea  is  to  be  determined  by  observation,  and  cannot  be  determined 
except  by  observation.  But  it  is  to  be  remarked  that  the  period  of  one  of 
the  lunar  diurnal  tides  agrees  with  that  of  one  of  the  solar  diurnal  tides, 
being  twenty-four  sidereal  hours ;  and  that  the  period  of  one  of  the  semi- 
diurnal lunar  declinational  tides  agrees  with  that  of  one  of  the  semidiurnal 
solar  declinational  tides,  being  twelve  sidereal  hours.  Also  that  the  angular 
velocities  y— o+m  and  y—a—ta  are  so  nearly  equal,  that  observations 
through  several  years  must  be  combined  to  distinguish  the  two  corre- 
sponding elliptic  diurnal  tides.  Thus  the  whole  number  of  constituents  to 
be  determined  by  one  year's  observation  is  twenty.  The  forty  constants 
specifying  these  twenty  constituents  are  probably  each  determinable,  with 
considerable  accuracy,  from  the  data  afforded  in  the  course  of  a  year  by  a 
good  self-registeiing  tide-gauge,  or  from  accurate  personal  observations  taken 
at  equal  short  intervals  of  time,  hourly  for  instance.  Each  lunar  declina- 
tional tide  varies  from  a  minimum  to  a  maximum,  and  back  to  a  minimum, 

[*  The  chief  effect  of  this  at  any  one  station  is  a  ter-diurnal  lunar  tide,  or  one  whose 
period  is  eight  lunar  hours.  A  probable  indication  of  this  has  been  obtained  from  the 
Ramsgate  tidal  diagrams  of  1864.    See  §  22  below.] 
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every  nineteen  years  or  thereabouts  (the  period  of  revolution  of  the  line  of 
nodes  of  the  moon's  orbit).  Observations  continued  for  nineteen  years  will 
give  the  amount  of  this  variation  with  considerable  accuracy,  and  from  it  the 
proportion  of  the  effect  due  to  the  moon  will  be  distinguished  from  that  due 
to  the  sun.  It  is  probable  that  thus  a  somewhat  accurate  evaluation  of  the 
moon's  mass  may  be  arrived  at. 

4.  The  methods  of  reduction  hitherto  adopted*,  after  the  example  set  by 
Laplace  and  Lubbock,  have  consisted  chiefly,  or  altogether,  in  averaging  the 
heights  and  times  of  high  water  and  low  water  in  certain  selected  sets  of 
groups.  Laplace  commenced  in  this  way,  as  the  only  one  for  which  observa- 
tions made  before  his  time  were  available.  How  strong  the  tendency  is  to 
pay  attention  chiefly  or  exclusively  to  the  times  and  heights  of  high  and 
low  water,  is  indicated  by  the  title  printed  at  the  top  of  the  sheets  used 
by  the  Admiralty  to  receive  the  automatic  records  of  the  tide-gauges ;  for 
instance,  "  Diagram,  showing  time  of  high  and  low  water  at  Ramsgate, 
traced  by  the  tide-gauge."  One  of  the  chief  practical  objects  of  tidal  investi- 
gation is,  of  course,  to  predict  the  time  and  height  of  high  water ;  but  this 
object  is  much  more  easily  and  accurately  attained  by  the  harmonic  reduction 
of  observations  not  confined  to  high  or  low  water.  The  best  arrangement  of 
observations  is  to  make  them  at  equi-distant  intervals  of  time,  and  to  observe 
simply  the  height  of  the  water  at  the  moment  of  observation  irrespectively 
of  tie  time  of  high  or  low  water.  This  kind  of  observation  will  even  be  less 
laborious  and  less  wasteful  of  time  in  practice  than  the  system  of  waiting 
for  high  or  low  water,  and  estimating  by  a  troublesome  interpolation  the  time 
of  high  water,  from  observations  made  from  ten  minutes  to  ten  minutes,  for 
some  time  preceding  it  and  following  it.  The  most  complete  system  of  obser- 
vation is,  of  course,  that  of  the  self-registering  tide-gauge  which  gives  the 
height  of  the  water-level  above  a  fixed  mark  every  instant.  But  direct  ob- 
servation and  measurement  would  probably  be  more  accurate  than  the  records 
of  the  most  perfect  tide-gauge  likely  to  be  realized. 

5.  One  object  proposed  for  the  Committee  is  to  estimate  the  accuracy, 
both  as  to  time  and  as  to  scale  of  height,  attained  by  the  best  self-registering 
tide-gauges  at  present  in  use,  and  (taking  into  account  also  the  relative 
costliness  of  different  methods)  to  come  to  a  resolution  as  to  what  method 
should  be  recommended  when  new  sets  of  observations  are  set  on  foot  in  any 
place.  In  the  mean  time  the  following  method  of  observation  is  recommended 
as  being  more  accurate  and  probably  less  expensive,  than  the  plan  of  measure- 
ment on  a  stem  attached  to  a  float,  often  hitherto  followed  where  there  is  no 
self-registering  tide-gauge.  A  metal  tube,  which  need  not  be  more  than  2  or 
3  inches  in  diameter,  is  to  be  fixed  vertically,  in  hydrostatic  communication, 
by  its  lower  end,  with  the  sea.  A  metal  scale  graduated  to  centimetres  (or 
to  hundredths  of  a  foot,  if  preferred)  is  to  be  let  down  by  the  observer  in  the 
middle  of  the  tube  until  it  touches  the  liquid  surface;  and  a  fixed  mark 
attached  to  the  top  of  the  tube  then  indicates  the  reading  which  is  to  be 
taken.  Attached  to  the  measuring-scale  must  be  one  or  more  pistons  fitting 
loosely  in  the  tube  and  guiding  the  rod  so  that  it  may  remain,  as  nearly  as 
may  be,  in  the  centre  of  the  tube.  The  observer  will  know  when  its  lower 
end  is  precisely  at  the  level  of  the  surface  of  the  liquid,  by  aid  of  an  electric 
circuit  completed  through  a  single  galvanic  cell,  the  coil  of  a  common  telegraph 

*  See  'Directions  for  reducing  tidal  observations/  by  Staff-Commander  Burdvrood, 
London,  1865,  published  by  the  Admiralty ;  also  Professor  Haughton  on  the  "  Solar  and 
Lunar  Diurnal  Tides  on  the  Coast  of  Ireland,"  Transactions  of  the  Royal  Irish  Academy 
April  for  1864. 
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"  detector,"  the  metal  measuring-scale,  the  liquid,  and  the  metal  tube*.  By 
this  method  it  will  be  easy  to  test  the  position  of  the  water-level  truly  to  the 
tenth  of  an  inch.  It  is  not  probable  that  tidal  observations  hitherto  made, 
whether  with  self-registering  tide-gauges  or  by  direct  observations,  have  had 
this  degree  of  accuracy;  and  it  is  quite  certain  that  a  proper  method  of 
reduction  will  take  advantage  of  all  the  accuracy  of  the  plan  now  proposed  t. 

6.  An  observation  made  on  this  plan  every  three  hours,  from  day  to  day 
for  a  month,  would  probably  suffice  to  give  the  data  required  for  nautical 
purposes  for  any  harbour.  It  is  intended  immediately  to  construct  an  appa- 
ratus of  the  kind,  and  give  it  a  trial  for  a  few  weeks  at  some  convenient 
harbour,  and  if  the  plan  prove  to  be  successful  and  convenient,  it  will  come 
to  be  considered  whether  observations  made  at  every  hour  of  the  day  and 
night  might  not,  all  things  considered  (accuracy,  economy,  and  sufficiency  for 
all  scientific  wants),  be  preferable  to  a  self-registering  tide-gauge. 

7.  One  of  the  most  interesting  of  the  questions  that  can  be  proposed  in 
reference  to  the  tides  is,  how  much  is  the  earth's  angular  velocity  diminished 
by  them  from  century  to  century  ?  although  the  direct  determination  of  this 
amount,  or  even  a  rough  estimate  of  it,  can  scarcely  be  hoped  for  from  tidal 
observation,  as  the  data  for  the  quadrature  required  could  not  be  had  directly. 
But  accurate  observation  of  amounts  and  times  of  the  tide  on  the  shores  of 
continents  and  islands  of  all  seas  might,  with  the  assistance  of  improved 
dynamical  theory,  be  fully  expected  to  supply  the  requisite  data  for  at  least 
a  rough  estimate.  In  the  mean  time  it  may  be  remarked  that  one  very 
important  point  of  the  theory,  discovered  by  Airy  J,  affords  a  ready  means 
of  disentangling  some  of  the  complicacy  presented  by  the  distribution  of  the 
times  of  high  water  in  different  places,  and  will  form  a  sure  foundation  for 
the  practical  estimate  of  a  definite  part  of  the  whole  amount  of  retardation, 
when  the  times  of  spring  tides  and  neap  tides  are  better  known  for  all  parts 
of  the  sea  than  they  are  at  present.  To  understand  this,  imagine  a  tidal 
spheroid  to  be  constructed  by  drawing  an  infinite  number  of  lines  perpendi- 
cular to  the  actual  mean  sea-level  continued  under  the  solid  parts  of  the  earth 
which  lie  above  the  sea,  and  equal  to  the  spherical  harmonic  term  or  Laplace's 
function,  of  the  second  order,  in  the  development  of  a  discontinuous  function 
equal  to  the  height  of  the  sea  at  any  point  above  the  mean  level  where  there 
is  sea,  and  equal  to  zero  for  all  parts  of  the  earth's  surface  occupied  by  dry 
land.  This  spheroid  we  shall  call  for  brevity  the  mean  tidal  spheroid  (lunar 
or  solar  as  the  case  may  be,  or  luni-solar  when  the  heights  due  to  moon  and 
sun  are  added).  The  fact  that  the  lunar  semidiurnal  tide  is,  over  nearly  the 
whole  surface  of  the  sea,  greater  than  the  solar,  in  a  greater  ratio  than  that  of 
the  generating  force,  renders  it  almost  certain  that  the  longest  axes  of  the  mean 
luni-tidal  and  soli-tidal  spheroids  would  each  of  them  lie  in  the  meridian  90° 
from  the  disturbing  body  (moon  or  sun)  if  the  motion  of  the  water  were  un- 
opposed by  friction ;  or,  which  means  the  same  thing,  that  there  would  be  on 
the  average  of  the  whole  seas,  low  water  when  the  disturbing  body  crosses 
the  meridian,  were  the  hypothesis  of  no  friction  fulfilled.  But,  as  Airy  has 
shown,  the  tendency  of  friction  is  to  advance  the  times  of  low  and  high  water 

[*  Instead  of  the  galvanic  detector,  a  hydraulic  method  may  be  found  preferable  in  some 
places.  The  latter  consists  in  using  a  stiff  tube  of  half  inch  diameter  or  eo,  instead  of  the 
solid  metal  measuring-bar,  and  testing  whether  its  lower  end  is  above  or  below  the  level 
of  the  water  bv  suction  at  the  upper  end.] 

[f  The  "  Clyde  Trust "  have  given  permission  to  try  this  method  at  a  convenient  place 
in  the  harbour  of  Glasgow.  It  is  probable  that  it  will  also  be  tried  in  the  harbour  of 
Belfast] 

J  See  Airr's  'Tides  and  Waves,'  §  459.  ; 
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when  the  depth  and  shape  of  the  ocean  are  such  as  to  make  the  time  of  low 
water  on  the  hypothesis  of  no  Motion  be  that  of  the  disturbing  body's  transit. 
Now,  the  well-known  fact  that  the  spring  tides  on  the  Atlantic  coast  of 
Europe  are  about  a  day  or  a  day  and  a  half  after  full  and  change  (the  times 
of  greatest  force),  and  that  through  nearly  the  whole  sea  they  are  probably 
more  or  less  behind  these  times,  which  Airy  long  ago  maintained*  to  be  a 
consequence  of  friction,  would  prove  that  the  crowns  of  the  luni-tidal  spheroid 
are  in  advance  of  those  of  the  soli-tidal  spheroid ;  and  therefore  that  those 
of  the  latter  are  less  advanced  by  friction  than  those  of  the  former.  It  is 
easily  conceived  that  a  knowledge  of  the  heights  of  the  tides  and  of  the 
intervals  between  the  spring  tides  and  the  times  of  greatest  force,  somewhat 
more  extensive  than  we  have  at  present,  would  afford  data  for  a  rough  estimate 
of  the  proper  mean  amount  of  the  average  interval  in  question,  that  is,  of  the 
interval  between  the  times  of  high  water  of  the  mean  luni-tidal  and  mean 
soli-tidal  spheroids.  The  whole  moment  of  the  couple  retarding  the  earth's 
rotation,  in  virtue  of  the  lunar  tide,  must  be  something  more  than  that  calcu- 
lated on  the  hypothesis  that  the  obliquity  of  the  mean  luni-tidal  spheroid  is 
only  equal  to  the  hour-angle  corresponding  to  that  interval  of  time. 

8.  "We  know,  however,  but  little  at  present  regarding  the  actual  time 
of  the  spring  tides  in  different  parts  of  the  ocean,  and  it  is  not  even  quite 
certain,  although,  as  Airy  remarks,  it  is  extremely  probable,  that  in  the 
southern  seas  they  take  place  at  an  interval  after  the  full  and  change, 
although  it  may  be  at  a  less  interval  than  on  the  Atlantic  coast  of  Europe. 
There  must  be  observations  on  record  (such  as  those  of  Sir  Thomas  Maclear 
at  the  Cape  of  Good  Hope,  which  Staff-Commander  Burdwood  showed  me  in 
the  Hydrographical  Office  of  the  Admiralty}  valuable  for  determining  this  very 
important  element,  for  ports  on  all  seas  wnere  any  approach  to  a  knowledge 
of  the  laws  of  the  tides  has  been  made. 

To  collect  information  on  this  point  from  all  parts  of  the  world  will  be 
one  of  the  most  interesting  parts  of  the  work  of  the  Committee. 

9.  Another  very  interesting  subject  for  inquiry  is  the  lunar  fortnightly,  or 
solar  semiannual,  tide,  the  determination  of  which  will  form  part  of  the 
complete  harmonic  reduction  of  proper  observations  made  for  a  sufficient 
time.  The  amounts  of  these  tides  must  be  very  sensible  in  all  places  remote 
from  the  zero  linef  of  either  northern  or  southern  hemisphere ;  unless  the 
solid  earth  yields  very  sensibly  in  its  figure  to  the  tide  generating  force  J. 
Thus  it  has  been  calculated  that  if  the  earth  were  perfectly  rigid,  the  sum  of 
the  rise  from  lowest  to  highest  at  Teneriffe,  and  simultaneous  fall  from  highest 
to  lowest  at  Iceland,  in  the  lunar  fortnightly  tides,  would  amount  to  4*5 
inches.  The  preliminary  trials  of  plans  for  harmonic  reduction  referred  to 
below,  make  it  almost  certain  that  hourly  observations,  continued  for  a 
month  at  two  such  stations  as  these,  would  determine  the  amount  of  the 
fortnightly  tide  to  a  fraction  of  an  inch,  in  ordinarily  favourable  circum- 
stances as  to  barometric  disturbance,  and  so  would  give  immediate  data  for 
answering,  to  some  degree  of  accuracy,  the  question  how  much  does  the  solid 
earth  really  yield  to  the  tide  generating  force  ? 

10.  A  year  before  proposing  to  Section  A  of  the  British  Association  the 
appointment  of  a  Committee  to  promote  tidal  investigation,  I  applied  through 
my  friend  Staff-Commander  Moriarty,  R.N.,  for  a  year's  tidal  diagrams  of 

*  See  Airy's  «  Tides  and  Waves,'  $  544. 
f  Thomson  and  Taitf s  « Natural  Philosophy/  J  810. 

\  "  On  the  Rigidity  of  the  Earth,"  W.  Thomson,  Trans.  E.S.,  May  1862 ;  or  Thomson 
and  Tait's '  Natural  Philosophy/  §§  832-849. 
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any  trustworthy  tide-gauge ;  and,  through  his  kind  assistance,  I  accordingly 
received  from  Staff-Commander  Burdwood,  R.N.,  those  of  the  Royal  Harbour 
of  Ramsgate  for  1864.  Prom  the  beginning  of  last  winter  till  the  present 
time  I  have  been  engaged  in  the  reduction  of  these  observations,  chiefly 
assisted  by  Mr.  Ebenezer  Maclean,  but  also  by  Mr.  James  Smith  and  Mr. 
William  Ross,  students  of  the  Natural-Philosophy  Class  of  Glasgow  Uni- 
versity, last  Session,  who  volunteered  to  perform  the  laborious  processes  of 
measurement  and  calculation  required.  The  heights  above  a  certain  point 
near  the  bottom  of  the  scale,  chosen  to  avoid  negative  quantities,  were  mea- 
sured from  the  diagrams  for  noon  and  midnight  6  p.m.  and  a.m.,  3  p.m.  and  a.m., 
9  a ji.  and  p.m.  ;  but  after  some  preliminary  calculations  had  shown  what 
valuable  results  might  be  expected,  the  measurement  was  made  for  every 
mean  solar  hour  of  the  year,  and  the  numbers  written  down  in  a  book,  with 
a  page  for  each  day.  Certain  averagings  of  these  results,  arranged  in  proper 
groups,  were  then  made,  and  somewhat  closely  approximate  determinations 
of  the  amplitude  and  epoch  of  the  solar  semidiurnal  and  lunar  semidiurnal 
tides  were  deduced.  I  also  found  very  decided  indications  of  an  annual  rise 
and  fall,  which  seemed  to  exceed  the  amount  of  the  solar  semiannual  tide, 
and  to  make  the  mean  level  very  sensibly  higher  in  autumn  than  in  spring, 
an  effect  probably  to  be  accounted  for  by  an  annual  period  in  the  amount  of 
water  received  into  the  sea  by  drainage  and  the  melting  of  ice,  and  from  the 
direct  fall  of  rain  into  it.  With  these  indications  of  what  might  be  expected 
from  a  thorough  reduction  of  tidal  observations  according  to  the  harmonic 
plan,  I  felt  justified  in  bringing  the  subject  before  the  British  Association 
and  proposing  that  the  cooperation  of  a  Committee  should  be  invited,  and  a 
grant  of  money  made  to  defray  expenses  which  might  be  found  necessary  for 
carrying  on  the  several  parts  of  the  investigation  proposed.  Acting  on  the 
advice  of  the  Astronomer  Royal,  I  have  put  the  work  of  continuing  the  com- 
putations for  the  Ramsgate  observations  into  the  hands  of  a  skilled  calculator, 
Mr.  E.  Roberts,  recommended  to  me  by  Mr.  Parley  of  the  Nautical  Almanac 
Office,  for  this  purpose.  With  his  very  able  assistance  I  hope  soon  to  have 
the  harmonic  analysis  completed  for  the  year's  observations  now  in  his  hands ; 
and  I  shall  lose  as  little  time  as  possible  in  communicating  the  results  to  the 
Committee.  I  shall  keep  in  view  the  trial  (with  which  I  commenced  work 
on  these  observations)  to  find  how  much  of  valuable  results  can  be  obtained 
from  a  comparatively  small  number  of  observations,  for  instance,  observations 
every  three  hours  of  the  twenty-four,  instead  of  every  hour,  or  every  three 
hours  of  the  day  half  of  the  twenty-four,  for  the  purpose  of  learning  how 
to  reduce,  as  far  as  possible,  the  labour  and  inconvenience  imposed  upon  those 
to  whom  may  be  committed  the  execution  of  observations  taken  in  future 
according  to  advice  from  this  Committee. 

11.  Probably  the  best  personal  observations  that  have  ever  been  made  on 
the  tides  are  those  described  by  Captain  Sir  James  Clark  Ross,  R.N.,  in  the 
Philosophical  Transactions  for  June  1854,  as  having  been  made  by  the 
officers  and  petty  officers  of  H.M.  ships  '  Enterprise  *  and  'Investigator/ 
every  hour  of  the  twenty-four,  for  nine  months,  commencing  November  1st, 
1848,  in  Port  Leopold.  A  full  harmonic  reduction  of  these  observations,  and 
of  the  simultaneously  observed  heights  of  the  barometer,  must,  as  early  as 
possible,  be  executed  by  this  Committee. 

12.  A  beautiful  synthesis  of  the  complex  dynamical  action  to  which  the 
tides  are  due,  imagined  by  Laplace,  will  be  used  in  this  Report  to  enable  us 
to  avoid  circumlocution.  A  number  of  fictitious  stars  ("  astres  fictife  ")  are 
assumed  to  move,  each  uniformly  in  the  plane  of  the  earth's  equator,  with 
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angular  velocities  small  in  comparison  -with  that  of  the  earth's  rotation,  so 
that  the  diurnal  period  of  each  relatively  to  the  earth  is  something  not  very 
different  from  the  lunar  or  solar  twenty-four  hours.  Each  one  of  the 
approximately  semidiurnal  tides  (§  2)  is  produced  hy  one  alone  of  these 
fictitious  stars. 

13.  One  of  the  fictitious  stars  is  what  is  commonly  called  in  England  the 
"mean  sun,"  being  that  point  of  the  celestial  sphere  in  the  plane  of  the  earth's 
equator  whose  hour- angle  is  equal  to  mean  solar  time.  For  brevity  we  shall 
call  it  S.  Another  of  them  might  be  the  "  mean  moon  "  similarly  defined 
(called  M);  but,  to  allow  the  same  Tables  (§§  14,  15)  to  be  used  for  the 
reduction  of  tidal  observations  of  different  years,  we  shall  take  it  as  a  point 
moving  in  the  plane  of  the  earth's  equator,  with  an  angular  velocity  equal 
to  the  mean  angular  velocity  of  the  moon,  and  set  for  each  year  so  that 
its  hour-angle  is  350o,40  at  0h,  January  1.  Four  others  complete  the 
number  of  the  fictitious  stars  to  be  used  in  this  Report*;  they  will  be 
designated  K,  L,  N,  0. 

K  might  be  the  first  point  of  Aries,  but,  for  the  same  reason,  will  be  taken 
as  a  point  in  the  plane  of  the  earth's  equator,  with  constant  right  ascension 
for  each  year,  such  that  its  hour-angle  is  6°-25  at  Oh,  January  1. 

0  is  a  fictitious  star  whose  right  ascension  increases  twice  as  fast  as  that 
of  the  mean  moon,  and  which  is  so  set  for  each  year  that  its  hour-angle  is 
334°-54  at  Oh,  January  1.  L  and  N  are  fictitious  stars  whose  rates  of  in- 
crease of  right  ascension  are  respectively  greater  than,  and  less  than,  that  of 
the  mean  moon,  by  a  difference  equal  to  half  that  of  the  mean  moon  rela- 
tively to  her  perigee.  Thus,  if  the  motion  of  the  moon's  perigee  were 
neglected,  the  rate  of  increase  of  right  ascension  of  L  would  be  half  that  of 
N,  and  the  arithmetic  mean  of  that  of  N  and  0  respectively ;  or,  as  the 
right  ascension  of  K  is  constant,  the  rates  of  increase  of  right  ascension  of 
L,  M,  N,  0  would  be  equi-different. 

14.  Thus,  according  to  the  preceding  notation,  the  rates  of  increase  of 
right  ascension  of  K,  L,  M,  N,  0  are  respectively 

0,     £(<r+sr),     a,     i(3*-w),     2a. 
Relatively  to  the  meridian  of  the  earth,  their  angular  velocities  are — 

y,     y—i*—im,     y—o>     y— #<r+£or,     y— 2er. 

Unless  the  contrary  is  stated  we  shall  always  suppose  these  angular  velocities 

to  be  reckoned  in  degrees  and  decimals  of  a  degree  per  mean  solar  hour. 

Thus  reckoned  their  values  are — 

<r=-549015,     y=15-04108,     y-|<r-|*r=l  4-  76425,     y-<r= 14-49206, 

r— !<r+§tir=14-21988,     y-2<r=13-94305. 
If  t  denote  time  reckoned  in  mean  solar  hours  from  the  0h  January  1  of  the 
year, 

y*>   (y— §*— im)l>   (y— *)'&c. 

will  be  the  hour-angles  of  the  fictitious  stars.  These  have  been  calculated  by 
successive  additions  for  each  integral  mean  solar  hour  of  the  year,  and 
subtraction  of  360  every  time  a  number  exceeding  360  has  been  reached ; 
and  the  results  have  been  tabulated.  Preceding  each  hour-angle,  the  number 
which,  multiplied  by  15,  most  nearly  agrees  with  it  has  been  written.  The 
following  is  a  specimen  page  for  two  days  of  the  year,  of  the  Table  thus 
formed : — 

*  Others  may  be  introduced  for  the  lunar  elliptic  diurnal,  and  for  the  declinational 
and  elliptic  disturbances  of  the  solar  tide,  not  yet  fully  investigated. 
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S  K  L  M  N                   O 

(y-9)  (r)  (r-i*-i<r)  (y-*)  (y-**+iir)  (y-2*) 

o  o  o  o  o                              o 

0.  o  1.    13-15  10. 14322  18. 26507  2.   26*90  10.156*97 

1.  15  2.   28*19  11.157*98  19.279*56  3.   41*12  II.17091 

2.  30  3.   43*23  12.172*75  20.294*05  4.   55*34  12.184*86 

3.  45  4.   5827  13.187*51  21.308*55  5.   69*56  13.198*80 

4.  60  5.   73*31  13.202*28  22.323*04  6.   8378  14.21274 

5.  75  6.   88*36  14.217*04  23.337*53  7.   98-00  16.226*68 

6.  90  7.103*40  15.231*80  23.352*02  7.H2-22  16. 240*63 
7.105  8. 1 1 8*44  16.246*57  0.  6-51  8.126*44  17.254-57 
8.120  9.133*48  17.261*33  1.  2i*oi  9.140*66  18.268*51 
9.135  10.148*52  18. 27610  2.    3550  IO.15488  19.282*46 

IO.150  U.163'56  19.290*86  3.   49*99  U.169'10  20.296*40 

U.165  12.178*60  2O.305-63  4.    64*48  I2.183-32  2I.310-34 

12.i8o  13.193*64  21.320*39  6.   78-97  13.197*54  22.324*29 

13.195  14.2o8*68  22.335*15  6.   9347  I4.21176  23.338*23 

14.2io  15.223*73  23.349*92  7.107*96  15.225*98  23.352*17 

IB.  225  16. 23877  0.     4*68  8.  122*45  16. 24020  0.     6*i  1 

16. 240  I7.25381  1.    1945  9.136*94  17.254*42          1.   20*06 

I7.255  18.268*85  2.    34-21  10.151*44  18.268*64          2.    34*00 

18. 270  I9.28389  3.  4898  U.165-93  19.282*86  3.  47*94 

19.285  2O.29893  4.   6374  12.180*42  2O.29708  4.   61*89 

20.300  21.313*97  5.   78*50  13.194*91  21.311*30  5.   75*83 

2I.315  22.329*01  6.   93*27  14.209*40  22.325*52  6.   8977 

22. 330  23. 344*°5  ?• 108*03  15. 223*90  23. 33974          7. 10372 

23.345  O.35910  8. 122*80  16. 23839  0.353*96  8.117*66 

0.  o  1.    14*14  9.  i37'56  I7.25288  1.     818  9.131*60 

1.  15  2.   2918  10.152*33  18.267*37  1.   22*40  10.145*55 

2.  30  3.   44*22  U.167'09  19.28i'86  2.    3662  U.159'49 

3.  45  4.    5926  12.181*85  20.29636  3.    5084  12.173*43 

4.  60  5.   74*30  13.19662  2I.31085  4.   65*06  I2.18737 

5.  75  6.    89*34  14.211*38  22.325*34  5.   79*28  13.201*32 

6.  90  7.10438  15.22615  23.33983  6.  9350  I4.21526 
7.105  8.119*42  16.240*91  0.354*32  7.10772  15.229*20 
8.120  9.13447  17.255*68  1.  8*82  8. 121-94  16.243*15 
9.135  10.149*51  18.270*44  2.   23*31  9.136*16  17.257*09 

IO.150  11.164*55  19.285*20  3.    37*80  10.150*38  18.271-03 

II.165  12.179*59  20.299*97  3.    52*29  11.164*60  19.284*98 

12.i8o  I3.19463  2I.31473  4.   6678  I2.17882  20.29892 

13.195  14.20967  22.32950  5.   8128  I3.19304  ZL  31286 

14.2io  15.22471  23.34426  6.   9577  I4.20726  22.326*80 

15.225  16. 23975  0.359*02  7.110*26  15.221*48  23.34075 

16. 240  I7.25479  1.    13*79  8.12475  16. 23570  O.35469 

I7.255  18.269*84  2.   2855  9.13924  17.249*92           1.     863 

18. 270  19.28488  3.  43*32  IO.15374  18. 26414  2.   22*58 

I9.285  20.299*92  4.    5808  U.  16823  19.278*36  2.   36*52 

20.300  21.31496  5.   7285  12.18272  20.29258  3.   5046 

21.315  22.33000  6.   8761  I3.19721  20.30680  4.   6441 

22.330  23.345*04  7.10237  I4.21171  21.321-02          a   7835 

23.345  0.     008  8. 117*14  15.226*20  22.33524  6.   9229 


The  -*  S  "  hours  are  reckoned  from  mean  noon  of  each  day. 
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15.  The  Committee  recommend  that  this  Tahle  should  be  printed  for 
general  use  in  the  reduction  of  tide  observations.  A  second  Table,  which 
will  be  described  later,  has  also  been  drawn  up.     Fart  of  it,  amounting  to 

2 
about  g — =  of  the  whole,  is  given  here  as  a  specimen.    By  aid  of  these 
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Tables,  with  a  set  of  rules  for  use  to  be  appended,  it  is  anticipated  that  an 
accurate  and  extended  reduction  of  tidal  observations  for  any  sea  and  any 
complete  year  will  become  a  very  simple  matter.  For  the  present  we 
confine  ourselves  to  the  statement  of  what  has  actually  been  done  for  the 
year  1864  and  the  harbour  of  Bamsgate. 

16.  A  datum  line  10  feet  below  the  previously  supposed  mean  level  was 
chosen*,  and  the  height  of  the  curves,  marked  by  the  self-registering  tide- 
guage,  was  measured  from  this  datum  line  in  feet  and  decimals  of  a  foot  for 
each  integral  mean  solar  hour  of  the  year,  and  entered  in  the  Table.  A 
period  of  369*  3h,  or  rather  more  than  a  year,  was  taken  as  being  to  the 
nearest  hour  twelve  and  a  half  lunations  or  twenty-five  periods  of  spring 
and  neap  tides,  and  therefore  giving  a  least  possible  amount  of  influence  of 
the  mean  lunar  and  solar  semidiurnal  tides,  each  on  the  sets  of  averages 
used  in  the  calculation  of  the  other.  A  period  of  358*  6h  was  chosen,  for  a 
similar  reason,  for  the  lunar  elliptic  semidiurnal  tides. 

17.  These  averages  were  taken  according  to  the  following  rule.  First 
for  the  8  tides,  twenty-four  means  of  the  heights  at  0h,  lh,  2h,  .  .  .  .  23k  of 
S  hours  (or  ordinary  mean  solar  time)  were  taken.  Next  for  the  M  tides 
twenty-four  averages  were  taken  of  heights  grouped  similarly  according 

*  The  true  mean  level  for  the  year  1864  has  been  found  to  be  10*192  aboye  this  datum 
line,  or  *192  of  a  foot  higher  than  was  supposed. 
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to  the  M  hours.  In  thus  averaging  for  the  M  tides  every  height  which 
was  recorded  at  a  time  within  half  an  M  hour  before  or  after  0*  M  time 
was  taken  as  if  it  had  been  observed  at  0*  M  time,  and  so  for  lh,  2h,  3h, 
&c.  of  the  M  time.  The  correction  on  this  was  applied  afterwards,  as  will 
be  described  later  (§  23).  Four  other  averagings  were  performed  according 
to  the  8am  e  rule  for  the  K,  L,  N,  0  reckonings  respectively ;  each  averaging 
giving  a  group  of  twenty-four  means. 

18.  The  next  step  was  to  find  for  each  of  these  six  sets  of  averages  the 
coefficients  A0,  Ap  Bl9  Aj,  Ba,  &c.  of  the  harmonic  formulae, 

Ao+AjCos  nt+ Bj  sin  nt 
+ Aj  cos  2rtf+B2  sin  2nt 


+ A,  cos  8n*+ B8  sin  8nt, 

n  denoting,  as  in  §  1,  the  rate  of  increase  of  the  hour-angle  for  each  case, 
for  instance  y  for  the  K  tide,  y— a  for  the  M  tide,  and  so  on.  The  condition 
to  be  fulfilled  is  that  the  values  of  this  formula  calculated  for  t=Q,  <=b1  .  .  , 
*=23  may  agree  as  nearly  as  possible,  on  the  whole,  with  the  twenty-four 
numbers  of  the  group  (the  sum  of  the  squares  of  the  differences  to  be  a 
minimum*).  The  tabular  forms  and  rules  given  by  Mr.  Archibald  Smith, 
and  published  by  the  Admiralty,  to  be  used  for  the  harmonic  reduction  of 
the  deviation  of  ships'  compasses,  have  been  adopted  mutatis  mutandis,  and 
have  proved  very  convenient. 

19.  If,  instead  of  including  only  seventeen  coefficients,  A,,  Alf  B,, 

Ag,  Bg,  the  calculation  had  been  extended  to  A „,  Bn,  A_a,  so  as  to  include 
in  all  twenty- four  coefficients,  the  calculated  values  would  necessarily  have 
agreed  with  the  twenty-four  numbers  given  by  observation.  But  there  was 
no  apparent  probability  that  anything  more  than  accidental  irregularities  and 
errors  of  observation  could  be  represented  by  higher  terms  than  Ag,  B8,  and 
therefore  these  were  the  highest  included.  The  following  Table  exhibits  the 
results  of  this  process.  The  columns  headed  "  differences "  preserve  the 
residues,  however,  and  may  be  referred  to  should  further  study  of  the  subject 
indicate  that  useful  results  are  to  be  derived  from  them.  The  greatest  of 
them  is  -037  of  a  foot,  and  the  maxima  in  each  column  are  only  from  ^  to 
Jfr  of  a  foot. 

Values  of  Aj,  A^  Ac.,  to  first  Approximation. 
S  K  L  M  N  O 

(y-v)  (r)      (r-i*-W)    (r-*)    (r-**+W)   (r-2<0 

At  +0*0231  — 0*205*  —0*0305  +0*0223  +0*0181  —0*2963 

Bx  —0*0255  —0*0236  — 0*0120  —0*0058  +0*0048  +0*0687 

Aa  +i'5598  —0*4540  —0*2276  —4*3176  +0*8191  —0*0904 

Ba  +09923  — 0*0061  +0*2669  +4'5°37  —07342  —0*0007 

Ag  +0*0086  +0*0037  —0*0096  —0*0138  —  0*0008  —0*0073 

B8  +0*0004  +0*0015  +0*0093  +0*0408  +0*0111  +0*0078 

A4  +0*0295  —0*0127  —0*0457  —0*5443  —0*0094  +0*0030 

B4  +0*0009  —0*0021  —0*0927  —0*0878  —  0*0122  +0*0034 

Ag  o'oooo  —0*0051  —0*0023  +0*0032  —0*0013  +0*0022 

B,  +0*0029  +0*0072  +0*0046  +0*0019  +0*0052  —0*0074 

A^  +0*0017  — 0*0008  —0*0050  —0*1132  —0*0287  —0*0062 

Be  +0*0068  +0*0027  —0*0079  —0*1114  —0*0024  +0*0040 


*  According  to  Laplace's  method  of  "  least  squares." 
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Values  of  Alf  A^,,  &c.,  to  first  Approximation  (continued). 


S 

K                   L 

M 

N 

0 

(y 

-*) 

(y)      (y~i»— i* 

)     <y-») 

(y-i*+W) 

(r-2<r) 

Ay        +0*0008        +0*0030        —0*0056 

+0*002I 

— 0*0022 

+0*0202 

B,        +0*0046        — 

0*0011        +0*0043 

—0-003I 

—0*0004 

—  0*0084 

A,        +0 

•001 1         +0*0058         —0*0421 

+0*0295 

+0*0048 

-0*0057 

B8        +00028        — 

0*0033        +0*0312 

—  0*0416 

—  O'OOOI 

+0*0073 

Aq          10*1988          10*1989          10*1843 

lO'I992 

101853 

10*I971 

(y— if)  Series. 

(7)  Series. 

Calculated. 

Observed. 

Difference. 

Calculated. 

Observed. 

Difference. 

(1) 

(2) 

(l)-(2) 

(1) 

(2) 

(l)-(2) 

11*8234 

11-8231 

+  O-OO03 

9'533*5 

95384 

—  0*0048 

12*0992 

12*0976 

+0*0016 

95944 

9-5886 

+  0*0058 

118255 

11-8226 

+0*0029 

9*7901 

97940 

—  0*OO39 

11*1414 

11-1528 

—0*0114 

10-0467 

10-0470 

—  0*0003 

10*2454 

10-2413 

+0*0041 

10*2872 

102825 

+  OOO47 

9*344* 

93386 

+0*0056 

105013 

10-5077 

—  O-O064 

86403 

86455 

—0*0052 

10*6300 

10*6250 

+  0*0050 

83404 

83371 

+0*0033 

106197 

10-6209 

—  0*0012 

8*5202 

85184 

+0*0018 

105148 

105167 

—  0*OOI9 

9*1488 

91539 

—0*0051 

10*3483 

10*3443 

+  0*0040 

10*0677 

10*0731 

—0*0054 

10*1501 

10*1538 

—  0*0037 

11*0364 

11-0268 

+0*0096 

lO'OOOO 

9*9977 

+  0*0023 

117584 

"7593 

—0*0009 

9*9408 

99431 

—  0*0023 

12-0408 

12*0420 

—  0*0012 

9-9882 

9-9840 

+  0*0042 

11*8133 

1 1*8154 

—  0*0021 

10*1539 

10*1621 

+  0*0O82 

11  1660 

11*1607 

+COO53 

10*3705 

103586 

+  0*01I9 

10*2798 

10*2897 

—  0*0099 

10*5572 

10*5702 

—  0-013O 

93918 

9-3870 

+0*0048 

10*6729 

106626 

+0*0103 

8*6955 

86889 

+0*0066 

10*6636 

106673 

—  0*0037 

8*3844 

83886 

—0*0042 

105373 

10*5408 

—  0*0035 

8*5682 

85701 

—0*0019 

103552 

10*3461 

+  0*0O9I 

9-2166 

92153 

+0*0013 

10*1041 

io*i  140 

—  0*0099 

10*1327 

10*1360 

—0*0033 

98107 

9*8042 

+  COO65 

1 1*0908 

1 1*0874 

+0*0034 

9*6030 

96034 

—  0*0004 

(7- 

-\o— Ivr)  Series. 

(7— a)  Series. 

Calculated. 

Observed. 

Difference. 

Calculated. 

Observed. 

Difference. 

(1) 

(2) 

(l)-(2) 

<P 

(2) 

(D-(2) 

98159 

98165 

— 0*0006 

5*2674 

5*795 

—  0*0121 

10*0343 

10*0483 

—0*0140 

82397 

8*2397 

O'OOOO 

10*2272 

10*2018 

+0*0254 

12*3265 

12*3143 

+0*0122 

10*4373 

10*4650 

—0*0277 

154386 

154591 

—0*0205 

10*6552 

10*6342 

+0*0210 

16*4609 
158858 

16*4382 

+0*0227 

10*5447 

10*5549 

—  0*0102 

159041 

—  0*0183 

10*3081 

10*3057 

+00024 

14*0736 

14*0634 

+o*oioa 

10*1817 

10*1864 

—  0*0047 

1 1*3474 

113496 

—  0*0022 

99976 

99850 

+COI26 

!'5atZ 

8*5289 

—  0*0042 

9*9221 

9*9460 

—  0*0239 

6*1588 

61519 

+COO69 

100186 

9*9894 

+0'0292 

4*5765 

45841 

—  0*0076 

9*9607 

9*9846 

—  0*0239 

41587 

4*1516 

+0*007 1 

991 1 9 

90033 

+OOO86 

52398 

52461 

—  0*0063 

io*o8ii 

10*0704 

+O-OIO7 

81633 

81588 

+COO45 

10*2596 

10*2839 

—  0*0243 

12*2161 

12*2178 

—  0*0017 

104881 

10*4609 

+0*0272 

15*3376 

153410 

—  0*0034 

10*6960 

107134 

—  0*0I74 

16*4241 

16*4160 

+0*0081 

10*5723 

10*5700 

+0*0023 

15*9220 

15*934* 

—  0-0122 

103501 

10*3393 

+0*0108 

14*1568 

14H51 

+  0*OII7 

10*2197 

10*2332 

—0*0135 

11*4504 

1 1 '4566 

—  0-0062 

99996 

99912 

+0*0084 

85987 

8*6019 

—0*003a 

99041 

9*9010 

+0*0031 

6*1570 

6*1441 

+0*0129 

9.9726 
98655 

99838 

— 0*0112 

45H9 

4*5446 

—  0*0197 

98549 

+0*0106 

41303 

4*1112 

+0'0I9I 
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(7-i*+iir)  Series. 


Calculated. 

(1) 
10*9849 
10*5382 
10*0146 
94882 

9'«3»4 

9-1141 

93896 

98195 

10*3658 

10*9264 

1 1*2698 

1 1*2642 

109573 

10*4766 

9-9446 

9-4472 

9*n66 

91059 

93910 

9*8357 
10*3834 
10*9362 
11*2746 
11-2714 


Observed. 

(2) 

10-9688 

10-5528 

10*0059 

9-4898 

91350 

91095 

9-3920 

98203 

10-3630 

10*9284 

1 1*2707 

11*2602 

10-9627 

10-4723 

9*9460 

9*4479 
9*1163 
9*1028 

9'3987 
9-8248 
103934 
10*9320 
11-2701 
112833 


Difference. 

(l)-(2) 
+0*0161 
—0*0146 
+0*0087 
— 00016 
—0*0036 
+0*0046 
—0*0024 
— o'ooo8 
+0*0028 

—  0*0020 

—0*0009 
+0*0040 
—0*0054 
+0-0043 
—0*0014 
—0*0007 
+0-0003 
+0*0031 
—0*0077 
+0*0109 

—  O'OIOO 

+0*0042 

+0*0045 

—0*0119 


(7— 2<r)  Series. 

Calculated. 

Observed. 

Difference. 

(1) 

(2) 

(*)-(*) 

98166 

9-8427 

—0-0261 

9*8354 

98278 

+0*0076 

99348 

9*9300 

+0*0048 

10-0573 

10*0630 

—0*0057 

10*1567 

10x549 

+0*0018 

10-2547 

10*2565 

— 0*0018 

10*3529 

10*3448 

+0*0081 

1 041 8  5 

10*4312 

—0*0127 

io*4357 

10-4260 

+0*0097 

104499 

104515 

— 0*0016 

10*4696 

104704 

— 0*0008 

10*4270 

104348 

—0-0078 

10*3790 

10*3569 

+0-022I 

10*4114 

10*4368 

—0*0254 

10*4014 

10*3937 

+0*0077 

10*3101 

10*2850 

+0*0251 

10*2987 

10*3500 

-0*0513 

10-3189 

10*2643 

+0*0546 

10*2291 

x  0*2642 

-0*0351 

10*1271 

10*1163 

+0*0108 

10*0589 

10*0606 

—0*0017 

99363 

99238 

+0*0125 

9*8322 

9-8620 

—0*0298 

9*8190 

9*7823 

+0*0367 

20.  In  the  averages  for  any  one  of  the  S,  K,  L,  M,  N,  0  tides  explained  above, 
the  influence  of  each  of  the  others  is  nearly  eliminated  because  of  the  greatness 
of  the  number  of  periods  (roughly  360  and  720)  of  each  in  the  series  of 
observed  heights  included  in  the  summations.  The  choice  of  the  approximate 
period  369d  3h,  as  explained  above  (§  16),  makes  as  little  as  possible  of  the 
mutual  influence  of  the  two  largest  tides,  the  lunar  and  solar  semidiurnal 
tides,  in  the  two  averagings  performed  to  determine  these  two  tides.  But 
the  incommensurability  of  the  periods  renders  it  impossible  to  altogether 
escape,  in  the  direct  synthesis  for  any  one  tide,  the  influence  of  the  others. 
Accordingly,  the  coefficients  Al9  B19  &c,  shown  above,  are  to  be  regarded  as 
first  approximations  in  the  mathematical  solution  of  the  problem.  The  next 
step  followed  was  to  find  corrections  upon  each  summation  for  the  influence 
of  the  tides  determined  by  the  other  summations,  these  corrections,  for  a 
second  approximation,  being  calculated  on  the  supposition  that  the  first 
approximate  values  of  A,,  Bx,  A2,  &c,  already  found,  are  correct.  An 
auxiliary  Table  (see  §  15,  above)  for  performing  this  process  has  been  formed, 
and  must  be  printed  with  rules  for  its  use  along  with  the  other  Tables ;  and 
therefore  it  is  sufficient  at  present  to  state  the  results  for  Kamsgate  1864. 
The  corrections  thus  formed  are  to  be  subtracted  from  the  values  of  At,  A^ 
&c.,  to  first  approximation,  and  are  as  follows : — 


21, 


Table  of  Corrections  of  the  6  x  16  Coefficients  A1?  Blf  <feo. 


* 

s 

<7-*) 

—  •0025 
+  *OOI5 

K 

(r) 

—  *0002 
+  *OOOI 

(r 

L 

— '002I 
—  •OO5O 

M 

(7-*) 
+•0087 

—•0003 

(r 

N 

-S'+W) 

— '0151 
+•0032 

O 

—  •0032 
+•0056 

k 

—  *OOl8 

—  •OI04 

-O313 
+  •0105 

+  •0065 
-•O338 

—•0009 
+•0033 

+•0093 
+•0101 

—  0188 
— *ooo8 

k 

+  *0009 
—  •0004 

+  •0087 
-•OO74 

-•OO74 
+  OI52 

—  '0025 
—•0015 

—  •OOOI 
+•0044 

—•0063 
+•0032 
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Table  of  Corrections  of  the  6  x  16  Coefficients  A,, 

Bj,  Ac.  (continued). 

Si 

s 
(y-i) 

—  •0OO5 

—  •OOI3 

(r) 
+•0043 
+•0026 

L 

(r-4*-**w) 

+•0067 
—•0041 

M 

(7-*) 
—  •0001 

— '0013 

N 

(7-*  *+*<*) 
+•0015 
+•0016 

•  O 

(7-2*) 

—  '0046 

—  •0003 

k 

■f-0105 
—•0184 

—  *OIOI 

+•0075 

+•0037 
+•0020 

+•0009 
—  •0014 

—•0052 
+•0088 

+•0024 
—  •0109 

k 

—  •OI98 

—  •004a 

+•0012 
+•0009 

— *oon 

+•0017 

—  •0007 
+•0017 

—•0004 
—•0020 

-•0097 
—•0067 

k 

—  •0030 
-•OO35 

+•0039 
+•0042 

-0145 
+  0014 

—•0002 
—•0010 

+•0021 
—•0031 

+*oo86 
—  •0103 

k 

+*oooa 
+•0001 

—•0009 
+•0064 

-•0431 

+•0362 

+•0005 
—  •0014 

+  0008 

—  *OOIO 

+•0029 
—•0030 

Values  of  A^  A,,  &c.,  to  second  Approximation. 

S 
(7-v) 

K 

(r) 

L 

M 

(7-*) 

N 
(r-|cr+iir) 

O 

(7-**0 

k 

4.0*0256 
—0*0270 

—0*2050 
—0*0237 

—0*0284 
—0*0070 

+0*0136 
-0*0055 

+0*0332 
+0*0016 

— 0*2931 
+0*0631 

k 

+1-5616 
+1*0027 

-0*4227 
— 00166 

-02341 
+0*3007 

-43167 
+4-5°°4 

+0*8098 
-07443 

—0*0716 

+0'OOOI 

k 

+0*0077 
+0*0008 

—0*0050 
+0*0089 

—  0'0022 

—  0*0059 

—0*0113 
+0*0423 

—0*0007 
+0*0067 

—  O'OOIO 

+0*0046 

k 

+0*0300 

+0*0022 

—0*0170 
—0*0047 

—  0*0524 

— 0*0886 

-0*5442 
—0*0865 

— 0*0109 
—0*0138 

+0*0076 
+0*0037 

k 

—  0*0I05 
+0*02I3 

+o'oo5o 
—0*0003 

— 0*0060 
+0*0026 

+0*0023 
+0*0033 

+0*0039 
—0*0036 

—0*0002 
+0*0035 

k 

+0*02I5 

+o*oi  10 

— 0*0020 
+0*0018 

—0*0039 
—0*0096 

—0*1125 
—0*1131 

—0*0283 
—0*0004 

+0*0035 
+0*0107 

k 

+0*0038 
+OOO8I 

—0*0009 
—0*0053 

+0*0089 
+0*0029 

+0*0023 
— 0*0021 

—0*0043 
+0*0027 

+o*oi  16 
+00019 

k 

+0*0009 
+0*0027 

+0*0067 
—0*0097 

+o*ooio 
—0*0050 

+0*0290 
—0*0402 

+0*0040 
+0*0009 

—00086 
+0*0103 

A. 

10*1988 

10*1989 

10*1843 

10*1992 

10*1853 

10*1971 

22.  The  values  A,,  Ba  in  columns  S  and  M  express  the  mean  solar  semi- 
diurnal and  mean  lunar  semidiurnal  tides. 

Aj,  B,  of  column  K  express  the  lunar  declinations!  semidiurnal  tide. 

A,,  Ba  of  columns  L  and  N  express  two  constituents  of  the  lunar  elliptic 
semidiurnal  tide. 

A^  Ba  of  column  0  express  zero  tolerably  well*. 

Aj,  Bt  of  columns  K  and  0  express  the  two  constituents  of  the  lunar 
diurnal  tide. 

A1,  Bx  of  column  8  express  one  constituent  of  the  solar  elliptic  diurnal 
tide. 

A1,  B,  of  column  M  express  one  constituent  of  the  lunar  elliptic  diurnal 

tidef. 

A1,  Bl  of  columns  L  and  N  possibly  depend  on  the  elliptic  lunar  diurnal 
tides,  but  will  no  doubt  be  found  a  better  approximation  to  zero  when 

*  There  being  no  theoretical  tide  of  the  period  ooTfrespondmff  to  them, 
t  Being  the  resultant  of  the  two  oorreepo^ 
inasmuch  at  for  a  tingle  year  the  effect  of  the  £  w  may  be  neglected. 
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calculated  by  the  average  of  several  years.  There  is  no  tide  corresponding 
strictly  Jto  them. 

A3,  B3  are,  as  they  ought  to  be,  very  good  approximations  to  zero  in  all 
the  columns  except  M.  Their  values  in  this  column  constitute,  probably,  a 
genuine  expression  of  the  ter-diurnal  lunar  tide  [not  included  in  the  pre- 
ceding general  schedule  (§  2)  but  referred  to  in  §  3],  investigated  by 
Laplace  as  depending  on  the  fourth  power  of  the  moon's  parallax. 

A^  B4  express  shallow- water  tides*  derived  from  the  lunar  semidiurnal 
tide,  according  to  precisely  the  same  dynamical  principle  as  that  by  which 
Helmholtz  has  explained  the  over-tones  generated  in  very  loud  sounds,  even 
when  the  source  of  the  sound  is  a  simple  harmonic  motion.  There  ought  to 
be  no  sensible  tide  expressed  by  A4  and  B4  in  column  L,  and  the  comparative 
largeness  of  these  numbers  is  probably  an  accident,  owing  either  to  errors  of 
observation  or  the  imperfection  of  the  system  of  combination  adopted,  or  a 
chance  concurrence  of  disturbance  due  to  wind  &c. 

Aa,  B5  in  almost  every  column  approximate  remarkably  well  to  zero ;  and 
even  their  greatest  values  (those  of  column  8)  express  merely  a  deviation 
of  ^  of  a  foot  (or  0-3  of  an  inch)  on  each  side  of  the  mean  level. 

A8,  Ba  may  be  considered  as  insensible  for  every  column  except  M,  for 
which  they  express,  as  they  ought  to  do,  an  undoubtedly  genuine  shallow 
water  tide,  being  the  second  harmonic  (as  it  were  overtone)  of  the  lunar 
semidiurnal  tide. 

A,,,  B7  are  very  good  approximations  to  zero  in  all  the  columns. 

A6,  B8  in  column  M  express  probably  a  genuine,  though  very  small, 
shallow-water  tide,  the  third  harmonic  of  the  lunar  semidiurnal  tide. 
There  is  a  very  good  approximation  to  zero  in  all  of  the  other  columns. 

23.  It  is  interesting,  with  reference  to  the  mode  of  reduction  which 
has  been  adopted,  to  remark  to  how  nearly  zero  the  comparatively  large 
values  of  A^,  B7  in  column  0,  and  A8,  B8  in  column  L  of  the  first  approxima- 
tion are  reduced  by  the  corrections  found  in  the  second  approximation, 
explained  above.  Selecting  from  the  preceding  Table  the  coefficients  which 
are  each  probably  a  genuine  tide,  and  applying  the  proper  correction 
(Everett,  Roy.  Soc.  Edin.  Trans.  1860)  to  take  account  of  the  circumstance 
that  the  mean  height  for  each  hour  has  been  virtually  taken  for  the  height 
at  the  middle  of  the  hour,  we  have  the  following,  according  to  notation  of  §  2. 


8 

K 

(r) 

L 

M 

(r-») 

N 

(r-**+W) 

(r 

0 

-2*) 

€l 

0-0373 

0-1070 

1 86°  36'-2 

.... 

0-0I45 

337°  5*'*9 

.... 

0-3008 

1670  5i'o 

1-8772 
320  4*'-* 

0-4279 
1820  i4'-o 

0-3856 
1270  53'7 

6*3078 
i33°4«'-4 

1*1126 

3i7°*4,-6 

... 

»» 
«. 



.... 

.... 

0*0448 
1040  57'-4 

.... 

»4 
«4 

0-0315 
4°  »'*4 

.... 

0*1078 
2390  24'*7 

0*5771 
1890  i'*9 

.... 

::: 

0*0268 
270  2'"5 

.... 

.... 

0*1771 
2250  8'*3 

.... 

»8 

«8 

.... 

.... 

.... 

0-0509 
3°5   5ir'3 

.... 

.... 

*  It  is  this  term  that  makes  the  whole  resultant  tide  rise  faster  than  it  fells,  as  is 
generally  observed  in  estuaries,  and  other  localities  separated  from  the  oceans  by  con- 
siderable spaces  of  shallow  water. 
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24.  The  shallow-water  tides  referred  to  above  depend  on  the  rise  and 
fall  of  the  tide,  amounting  to  some  sensible  part  of  the  whole  depth  of  the 
water,  or,  which  comes  to  the  same,  the  horizontal  velocity  of  the  water 
being  sensible  in  comparison  with  the  velocity  of  propagation  of  a  long  wave, 
through  some  considerable  portion  of  the  sea  which  sensibly  influences  the 
tides  at  the  point  of  observation.  Helmholtz's  explanation  of  compound 
sounds,  according  to  which  two  sounds,  each  a  simple  harmonic,  having 
mt,  nt  for  their  arguments,  give  rise,  if  loud  enough,  to  sounds  having  for 
their  arguments  (m+n)t,  (m—n)t,  suggest  that  the  compound  action  of  the 
solar  and  lunar  semidiurnal  tides,  must  give  rise  to  shallow-water  tides 
whose  arguments  are  2(o-— rj)t  and  2(2y— n— o)t.  It  is  intended  with  the 
least  possible  delay  to  perform  averagings  with  a  view  to  determine  these 
tides*.  The  great  influence  of  the  British  Channel,  and  the  large  extent  of 
it  through  which  the  shallow-water  condition  specified  above  is  fulfilled, 
makes  it  probable  that  the  new  tidal  constituents  now  anticipated  will  be 
found  sensible. 

25.  The  step  next  undertaken  has  been  to  find  mean  solar  daily  averages, 
and  to  purify  these  of  lunar-diurnal  and  semidiurnal  influence ;  and  in  a 
few  days  more  I  hope  to  determine  the  lunar  fortnightly  declinational  and 
the  solar  semiannual  tides ;  also  the  annual  variation  indicated  by  Mr. 
Ebenezer  Maclean's  calculations  (§  10),  and  of  the  2(e—ri)  luni-solar  fort- 
nightly shallow- water  tide  suggested  (§  24)  by  Helmholtz's  theory  of  com- 
pound sounds.     This  work  is  now  in  progress  t. 

26.  Observations  made  every  quarter  hour  during  several  periods  within 
four  days  at  a  station  in  the  Fiji  Islands,  supplied  to  me  through  the  kind- 
ness of  Lieut.  Hope,  R.N.,  have  been  partially  reduced,  by  a  rigorous  appli- 
cation of  the  method  of  least  squares.  This  somewhat  laborious  process  has 
been  undertaken  not  only  for  the  sake  of  the  results  to  be  obtained,  which, 
considering  the  chaotic  mass  of  statements  constituting  our  present  informa- 
tion regarding  tides  in  the  Pacific,  we  may  regard  as  not  without  value  in 
themselves,  but  also  to  show  how  much  may  be  done  by  applying  the 
harmonic  analysis  to  a  very  short  series  of  observations  such  as  may  be  made 
in  the  course  of  a  few  days  in  any  part  of  the  world  by  surveying  officers. 
I  expect  to  be  able  in  the  present  case  to  obtain  somewhat  accurate  deter- 
minations of  the  mean  lunar  semidiurnal,  the  mean  solar  semidiurnal,  the 
lunar  diurnal,  and  the  solar  diurnal  tides,  each  of  which  is  probably  sensible 
in  the  series  of  observed  heights  which  have  been  supplied ;  but  it  has  been 
necessary  to  defer  this  work  to  allow  the  full  reduction  of  the  Eamsgate 
1864  series  to  be  pushed  on  as  far  as  possible  towards  completion  before  the 
present  Meeting  of  the  British  Association. 

27.  The  work  requisite  to  obtain  the  results  stated  above  has  been,  as 
may  readily  be  conceived,  very  heavy ;  but  a  large  part  of  it  is  available  for 
other  years  and  other  places.  It  has  been  almost  all  performed  by  Mr.  E. 
Roberts,  who  has  devoted  himself  to  it  with  most  satisfactory  zeal,  ability, 
and  perseverance,  in  intervals  of  his  laborious  duties  for  the  Nautical 

*  [Note  added  Dec.  1868.]  This  has  now  been  done  by  Mr.  Roberts  for  the  2(<r— ij) 
(or  synodic  fortnightly)  tide,  and  a  very  notable  result  has  been  obtained  (see  8  28  below); 
but  as  yet  I  cannot  feel  much  confidence  in  it,  because  the  period  is  that  of  the  spring  to 
neap  and  back  to  spring  tides,  and  the  Ramsgate  instrument  did  not  work  well  through 
the  longer  ranges  (the  buoy,  for  instance,  sometimes  rested  on  the  bottom,  and  the  failing 
curve-register  was  supplied  by  guess).  The  calculation  necessarily  includes  instrumental 
errors  depending  on  the  gauge  not  working  equally  well  through  long  and  short  ranges. 

t  Mr.  Roberts  has  since  completed  it.  For  results  see  §  28  below.  [Note  added 
Deo.  1868.] 
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Almanac  Office.  It  is  to  be  hoped  that  arrangements  may  be  made  to 
allow  him  to  give  his  whole  time  to  a  continuance  of  the  work  during 
the  ensuing  year,  with  assistant  calculators  working  by  aid  of  printed  tables 
according  to  methods  which  by  the  experience  now  gained  may  be  put  into 
the  form  of  convenient  practical  rules.  Thus,  while  Mr.  Roberts  may  work 
out  proper  methods  for  short  or  irregular  series  of  observations,  others  may 
be  employed  to  deduce  results  from  tide-gauge  diagrams  of  other  British 
ports,  and  from  the  admirable  series  of  recorded  heights  (every  quarter  hour) 
for  Brest  and  other  French  ports  which  have  been  shown  to  me  in  the 
Hydrographic  Office  in  Paris  through  the  kindness  of  MM.  Iiouville  and 
Delaunay,  and  Admiral  Paris,  and  which  may  be  had,  it  is  hoped,  on 
application  by  the  Committee. 

[Conclusion  of  Report  up  to  Aug.  19, 1868.] 

Supplementary  Report  by  Mr.  Robebis. 

28.  In  the  determination  of  the  lunar  monthly  and  solar  annual  (elliptic) 
tides,  the  lunar  fortnightly  and  solar  semiannual  (declinational)  tides  alluded 
to  above  (§  25),  and  the  luni-solar  fortnightly  shallow-water  (synodic)  tide 
(§  24),  let  h  be  the  height  above  the  mean  of  the  solar  daily  averages  purified 
of  lunar-diurnal  and  semidiurnal  influence,  then 

A=+A  cob   at  +B  sin   at 

+C  oos2<rt  +D  mn2at 

+0,oo§2(<r-ii)*  +D'rin2(<r-ij)* 

-j-E  cos   tit  +F  sin   ijt 

+G-cos2ii*  +Hsui2i7* 

Multiplying  the  value  of  h  for  each  day  by  the  respective  values  of  cos  at, 
sin  at,  cos  2at,  sin  2at,  &c,  calculated  from  1864,  Jan.  8d  llh  30™  as  era  of 
reckoning,  for  which  t=Q,  and  adding,  we  form  the  following  equations: — 

feet. 

+  170  =    +18175A    +    i*5*B    +  2-440  +  3'3iD  +  *75Cr  +  396D' 

+  418E  -  054F  -f  4*4<*  -  i"«H 

+  558  =     +     rSiA    + 183-256     -  3-380  +  173D  -  4-O20'  +  i'99D' 

+  673E  +  °'*S^  +  6-86G-  +  050H 

4.  3'i7  =     +    a«44A     -     338B    +i83'i7C    +    o-88D    +    065C    +     092D' 

—  i'5oE     —     o-ioF     —     i*5iG     —     C19H 
+  5-07  =     +     331 A    +     173B    +    o-880     +i8r83D    +    0-920'     -     0720* 

4-     3"05E     —     o*o8F     +     306G     —     o-i7H 

—  15*02  =     +    **75A     —    4*02B    -|-    0-650     -|-    o*92D    +183*190'    +    o^D' 

—  168E     —     o-iiF     —     170G     —     022H 

—  9-24  =     +     396A    +     I*99B     +    0-920     —     072D     +     0-970'     +  i8r8iD' 

+    3"25E     —     o*ioF     +     3-260-     —     o-2oH 

—  641  ss     +    418A    +     673B     -     1-500     +     3-°5l>     -     i'68C'    +     r^' 

+i82'43E    -f     cooF     —     0-140     -f    o-ooH 

—  22*18  ts=     —     o*54A    +    C25B     —     o-ioO     —     o-o8D  .—     o#iiC     —     o*ioD' 

+    o-ooE    +x82'57F     —     o*ooG     —     000H 

+  4*39  =     +     ^HA    +    6-86B     -     i*5iO     +     306D     -     170C    +     3*26D' 

—  014E     —     o-ooF     +182-430-     +    o-ooH 
4-13-04  =     —     i-iiA    +    oa5oB     —    0-190     —    o*i7D     —    o-22C    —     020D' 

+    o-ooE    -    o-ooF     +    o*oo0    +182-5711 

These  equations,  solved  by  successive  approximations,  give  the  following 
values  of  tha,  coefficients ; — 

1868.  2  v 
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feet 
B  s  +o*olg§  }  *•  coeffl0**1*8  for  **» lunw?  monthly  tide  (eUiptic). 
B  =    0*03 16    c = 690  47'  (5 -30  mean  solar  days). 

D  —  +0-0277  f  *^6  C00®c*en*8  *or  *^e  ^unar  fortnightly  tide  (declinational). 
B  =    0*033 x    6  =" 5^°  50'  (*'i6  mean  eolar  days). 

jyZ^  Zo'ocoS  I  ^e  ooe®c^entfl  *°r  ^  lnniniolar  fortnightly  shallow-water  tide  (synodic). 
B  =3    0*0960    (b»i°  56'  (8*69  mean  solar  days). 

■a  *  Z  0*121 6  1  ^  coe®c*entB  'or  &**  fl0^ar  wmnal  tide  (elliptic  and  meteorological). 

B  =    0*1270    e-»»53°  12'  (256*89  mean  solar  days). 

G  =  +0*0225 1  the  coefficients  for  the  solar  semiannual  tide  (declinational  and  meteoro- 

H  =  -4-0*07 1 3  J      logical  ?). 

B  =    0*0748    6=72°  29**  (36*77  mean  solar  days). 

29.  The  following  Tables  exhibit  the  comparative  times  of  maximum  of 
each  of  the  preceding  tides,  and  the  times  of  maximum  attraction  to  which 
each,  if  genuine  and  astronomical,  is  due. 


Lunar  monthly  tide. 


height 
(calculation), 
d     h 

1864.  Jan.  13  19 
Feb.  10  2 
Mar.  g  10 
April  4  18 
May    2    1 

29  9 
June  25  17 
July  23  1 
Aug.  19  8 
Sept  15  16 
Oct.  13  o 
Nor.  9  8 
Dec,    6  15 

1865.  J*11*     2  *3 


Moon 
in 

Tk 

1863.  Dec.  28    3 

1864.  Jan.  24  9 
Feb.  20  9 
Mar.  18  20 
April  15  14 
May  13  9 
June  10  3 
July  7  20 
Aug.    4    8 

31  12 
Sept  27  17 
Oct  25  6 
Not.  22  z 
Dec  19  21 


Solar  annual  tide. 

Sun 


apogee. 


1864.  Sept  fli 


1864.  July  2 


Solar  semiannual  tide. 


Maximum 

height 

(calculation). 

d 

1864.  Feb.  14 

Aug.  15 


Sun  at  maximum 
declination,  North 
and  South  (N.fcS.). 

1863.  Dec  22  8. 

1864.  June  21  N. 


Lunar  fortnightly  tide. 


Feb. 
Mar. 


Maximum 

height 

(calculation). 

1864.    d    h 

Jan.   10  15 

24    7 

6  23 

20  15 

5  7 
18  23 

April  1  14 
15  6 
28  22 

May  12  14 
26    6 

June  8  22 
22  14 

July     6    5 


Moon  at 

maximum  declination, 

North  and  South  (N.  &  S.). 

1864-  d  h      0   / 

Jan.  6  20  S.  21  3 

19  17  N.  21  o 
Feb.  3  7  S.  20  53 

16  o  N.  20  48 
Mar.  1  16  S.  20  38 

14  7  N.  20  32 

28  21  S.  20  25 
April  10  16  N.  20  22 

25    3    S.  20  19 
May    8     1    N.  20  19 

22  10    S.  20  20 
June    4  10    N.  20  2i 

x8  19    S.  20  20 
July     1  17    N.  20  20 


height 
(calculation). 
1864.    d    h 
July  19  21 
Aug.    2  13 

16  5 

29  21 
Sept  12  13 

26  5 
9  20 

23  12 
6    4 

19  20 
3  1* 

17  4 

30  20 


Oct 
Not 
Dec. 


20  16 

20    12 

ao    4 
'9  59 


Moon  at 

maximum  declination, 

North  and  South  (N.  &  S.), 

1864.   d     h  0       , 

July  16    6 

29    o 
Aug.  12  17 

25    6 
Sept    9    1 

21  13 
Oct     6    7 

18  22 
Not.    2  12 

IS    8 

Dec.  12  18 
27    5 


s. 

19  50 

N. 

19  46 

S. 

19  40 

N. 
S. 

19  39 
19  38 

N. 

>9  39 

S. 

19  40 

N. 

19  41 

& 

19  40 
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Synodic  fortnightly  tide. 


Maximum 

height 

(calculation). 

1864.  d    h 

Jan.    17     4 

31  22 

Feb.  15  17 

Mar.    1  11 

16    6 

31    o 

April  14  18 

29  13 

May  14    7 

29     1 

June  12  20 

July  12    9 


Moon's  phase, 

New  and  Full 

(N.  &  F.). 

1864.   d    h 

Jan.     8  20  N. 

23  10  F. 
Feb.     7    6  N. 

22    5  F. 
Mar.    7  16  N. 

22  22  F. 
April   6    2  N. 

21  13  F. 
May     5  12  N. 

21     1  F. 
June    4    o  N. 

19  11  F. 
July     3  12  N. 


height 
(calculation). 

1864.  d  h 

July  27  3 

Aug.  10  21 

25  16 

9  10 

24  4 

8  23 

23  17 

7  11 

22  6 

7  o 

21  19 

5  13 


Oct. 

Nov. 

Dec. 

1865. 
Jan. 


iph 
New  and  Full 
(N.  &  F.„ 
1864.    d     h 

July  18  19  F. 
Aug.    2    3  N. 

17    2  F. 

31  18  N. 
Sept.  15    9  F. 

30  11  N. 

14  18  F. 

30    3  N. 

13     6  F. 

28  19  N. 

12  19  F. 

28    9  N. 


Oct. 
Nov. 
Doc. 


Heights 

Heights 

Calculated 

from 

Calculated 

from 

heights. 

diagram. 
O 

Difference. 
C-O 

heights. 

diagram. 
O 

1864.       h 

ft. 

ft. 

ft. 

1864. 

h 

ft. 

ft. 

Aug.  18    0 

19*06 

1905 

-fo'oi 

Aug.  18 

12 

1895 

187 

1 

17-96 

17*65 

H-o-31 

13 

1869 

i8'55 

2 

1504 

14*6 

+o*44 

14 

16-58 

16-65 

3 

irio 

10-9 

+0*20 

IS 

13*00 

13-1 

4 

693 

7*3 

«o*37 

16 

8-86 

9/55 

5 

3-63 

4*45 

-0*82 

17 

5*i8 

6*05 

6 

1-65 

2*4 

-075 

18 

2-84 

3-6 

7 

125 

«"5 

—0*25 

19 

1*90 

2-45 

8 

3-09 

2'45 

+0-64 

20 

2*96 

29 

9 

7-28 

6*15 

+  1*13 

21 

6*40 

5-65 

10 

12-58 

12*1 

+0*48 

22 

11*41 

10-45 

11 

16*92 

17-6 

-o-68 

23 

16*38 

16-95 

30.  For  the  sake  of  comparison  between  the  calculated  heights  and  the 
heights  given  by  the  diagram  sheets,  one  day  has  been  selected  at  random, 
and  the  heights  computed  from  the  results  obtained,  neglecting  all  tides 
whose  maximum  effect  did  not  exceed  1  inch  (-083  of  a  foot).  The  following 
are  the  results: — 

Heights  Heights 

1       from  Calculated       from 

Difference. 
C-O 

ft. 
+0*25 
4-0*14 
—0-07 

—  O'lO 

—0*69 
-087 
—076 

-0-55 

-fo-o6 
+075 
+0*96 
-0-57 

It  will  be  noticed  that  the  largest  differences  are  about  the  times  of  half- 
tide,  and  which  can  be  accounted  for  by  the  diagram  sheets  not  answering  to 
the  times  as  shown  by  the  clock,  a  discrepancy  of  only  five  minutes  (a  very 
probable  amount  for  the  Bamsgate  diagrams)  causing  at  these  times  a  differ- 
ence in  heights  of  6  inches.  The  barometer  has  probably  been  higher  than 
the  average  on  the  day  selected. 

31.  A  series  of  tide-records,  taken  near  the  entrance  of  the  George's 
Docks,  Liverpool,  has  been  supplied,  on  application,  by  the  kindness  of  the 
Board  of  the  Mersey  Dock  Estate.  The  heights  through  about  twelve  hours 
each,  during  three  interruptions  in  the  tide  curve  (caused  by  the  accidental 
stopping  of  the  clock),  have  been  inferred  from  the  tide-diagrams  of  the  self- 
registering  tide-gauge  at  Helbre  Island  at  the  mouth  of  the  Dee.  This  series 
promises  to  give  as  good  determinations  as  can  probably  be  obtained  from  the 
diagrams  of  a  self-registering  tide-gauge,  the  sheets  having  apparently  been 
most  carefully  stretched  round  the  drum,  and  the  apparatus  watched  from 
time  to  time. 

32.  The  diagram  sheets  are  divided  into  quarter  hours  and  quarter  feet, 
and  the  heights  have  been  read  off  for  each  quarter  hour,  although  in  the 
redactions  at  present  in  hand  the  height  at  each  integral  mean  solar  hour  has 
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alone  boon  used,  tables  similar  to  those  described  above  (§  14)  not  having  at 
present  been  adapted  to  quarter-hour  observations. 

33.  The  periods  chosen  are  the  same  length  as  those  used  in  the  Ramsgate 
series,  and  the  observations  have  been  dealt  with  in  every  way  similarly  to 
those  of  Ramsgate  already  described.  The  observations  extend  from  Sep- 
tember 1857  to  September  1858.  The  datum-line  is  12  feet  below  the  level 
of  the  sill  of  George's  Dock. 

34.  The  following  are  the  values  of  At,  Blf  &c.  for  Liverpool  to  first  ap- 
proximation, to  which  point  the  analysis  has  at  this  time  been  completed : — 

S  K  L  M  N  O 

(r-i)  (r)      (r-i*-*w)     (r-a)    (r-**+*r)    (7-2*) 

At  +0*0198  —  0*1806  —0*0134  —  0*0222  —  0x065  +0*1061 

Bt  +0*°4-63  +0*3380  +0*0186  —0*0237  —0*0488  —0*4206 

A,  +3*1645  +0*8899  +0*3639  —6*1277  —0*6508  +0*2528 

B2  +0*6825  +07690  -0*4247  +7*3394  +17183  +0*1766 

A3  +0*0062  +0*0164  — o-oiii  +0*0773  —0*0095  +0*0084 

B3  +°"03°4  +°'°i*3  —0*0148  +0*0607  +0*0199  +0*0294 

A4  +0*0515  +0*0130  +0*0189  —0*6502  —0*0500  —0*0095 

B4  —0*0400  +°'OI99  +0*0980  — 0*0866  +0*0342  +0*0115 

A5  —0*0045  +0*0033  +0*0188  +0*0141  +0*0015  —0*0115 

B5  +0*0085  —0*0014  +0*0150  +0*0120  +°'°12^  —0*0073 

Afl  —0*0090  —0*0048  +0*0048  —0*0784  +0*0036  —0*0227 

Bfl  — 0*0066  +0*0054  +°'OIi<>  +0*1497  +0*0075  —0*0190 

Xf        —  0*0022        —  o*coo6        —0*0047        +0*0172        +0*0085        +0*0134 
B7        —0*0027        —0*0058        +o*ooi6        —0*0004        —0*0207        —0*0175 

Ay  +0*0002  —0*0045  —0*0778  —0*0503  +0*0113  — 0*0I22 

Brt        —0*0059        —0*0031        +0*0607        —0*0142        +°'OI35        +0*0169 
A0  16*7192  16*7129  16*7189  167215  16*7198  167072 

Series  calculated  with  these  terms  agree  closely  with  the  original  sets  of 
means,  the  greatest  difference  being  only  0*073  of  a  foot. 

35.  Professor  Fuller  having  applied  to  W.  Parkes,  Esq.,  M.  Inst.  C.E.,  for 
a  set  of  tide  observations  of  any  port  in  India,  that  gentleman  has  kindly 
placed  at  the  disposal  of  the  Committee,  for  analysis,  a  series  of  personal  tide 
observations  taken  at  Bombay  from  January  29, 1867  to  June  4, 1867.  The 
heights  were  observed  at  successive  intervals  of  ten  minutes,  and  were  taken 
under  the  superintendence  of  Mr.  Ormiston,  G.E.  A  few  breaks  of  short 
duration  in  the  observations  have  been  supplied  from  a  curve  plotted  for  each 
day  of  interrupted  observation.  The  datum-line  is  72  feet  below  the  level 
of  the  Town  Hall  datum. 

36.  The  observations  were  not  used  as  they  were  given,  but  heights  for 
each  quarter  hour,  the  heights  for  the  fifteen  and  forty-five  minutes  past  each 
hour  being  interpolated.  Tables  similar  to  those  previously  described  (§  14), 
but  adapted  for  the  reduction  of  observations  taken  for  every  quarter  hour, 
have  been  made  for  a  period  of  127  days.  It  is  intended  to  extend  these 
Tables  to  the  same  length  as  those  adapted  for  the  hourly  observations,  by 
the  use  of  which  it  is  expected  that  a  much  less  laborious  process  will  suffice 
for  correcting  the  first  approximations  of  A^,  Blf  &c.  than  that  by  the  use  of 
the  second  set  of  Tables  (§  15).  (The  observations  of  Liverpool  may  here- 
after be  reduced  by  the  aid  of  these  proposed  quarter-hour  Tables  should  it 
appear  probable  that  better  results  than  those  now  being  obtained  from  the 
hourly  observations  may  be  expected.) 
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37.  The  following  are  the  values  of  AA,  B„  <fcc.  for  Bombay  to  first  approxi- 
mations, to  which  point  the  analysis  has  at  this  time  been  completed : — 

S  K  L  M  N  O 

(r-*)  (r)      (r-i*-i~)    <r-»>    <r-t*+*w)  <r-&0 

AL        —0*4488        —1*0522        +0*0168        +0*0713        —0*0380        +0*0777 
Bx        4-0*6221         —0*4854        —0*2350        —0*0782        —0*0412        —0*5523 

A^  +1*8245  —08071  —0*2669  +4*3095  +0*7291  —  o*ooii 

B2  +0,I475  +0*3340  —0*1679  —0*2053  +0*6429  +0*1524 

A3  —0*0059  —0*0270  +0*0172  —0*0475  +0*0132  +0*0143 

B8  —0*0079  +0*0113  +0*0024  —0*0664  +o*oo8i  +°'OI^5 

A4  +0*0056  +0*0075  —0*0366  +0*1008  +0*0064  o*oooo 

B4  —0*0215  +0*0061  —0*0284  +0*0112  +0*0026  —0*0042 

A5        +0*0067        —0*0048        +0*0003        +0*0003        —0*0029        +0*0061 
B5        —0*0096        —  0*0066        —  0*0108        —  0*0102        +0*0123        —0*0034 

Ag        +0*0045        —0*0051        +o*oiii        +0*0019        —0*0029        —0*0031 
Be        +0*0006        —0*0017        +0*0070        —0*0234        +0*0093         —0*0041 

A,        —0*0005        —0*0026        — 0*0108        +0*0049        +0*0021        — 0*0061 
B7        —0*0041        —0*0005        +0*0041        +0*0060        +0*0050        +0*0054 

Ag        —0*0036        +0*0013        +0*0078        —0*0013        +0*0048        —0*0036 
B8        — o*ooio        — o*oooi        +0*0002        —0*0013        -J-0'001*'        +0*0029 

Aq  8*2004  8*2017  8*2015  8*2054  8*2010  8*1970 

The  series  computed  from  these  terms  agree  to  a  remarkable  extent  with 
the  series  from  which  they  were  deduced. 

38.  The  observations  taken  at  Ngaloa,  in  the  Fiji  Islands,  mentioned  at 
§  26,  have  not  at  present  been  completely  reduced,  the  computations  being 
still  in  the  same  state  as  at  the  date  of  the  Meeting  of  the  British  Association, 
but  will  again  be  shortly  taken  up. 

39.  Before  closing  this  Report  it  may  not  perhaps  be  inappropriate  to  refer 
to  a  few  among  the  innumerable  benefits  that  may  be  anticipated  from  a 
better  knowledge  of  the  laws  of  the  tides.  Among  the  scientific  results  which 
are  likely  to  be  deduced  from  the  foregoing  system  of  analysis  of  tide-obser- 
vations, are  an  evaluation  of  the  mass  of  the  moon,  definite  information 
regarding  the  rigidity  of  the  earth,  an  approximation  to  the  depth  of  the  sea 
from  the  observed  velocities  of  tide- waves,  and  the  retardation  of  the  earth's 
rotation  due  to  tidal  friction.  Physical  geography  will  probably  gain  some 
knowledge  as  to  the  amount  of  water-surface  in  the  hitherto  unexplored 
districts  of  the  Arctic  and  Antarctic  regions,  and  more  reliable  information 
with  respect  to  the  origin,  direction,  and  progress  of  tide- currents  over  the 
surface  of  the  oceans.  The  effect  of  atmospheric  pressure  will  be  estimated, 
and  also  an  approximation  due  to  the  effect  of  wind  on  the  height  of  the  tide 
from  the  simultaneously  observed  direction  and  force  of  the  wind  at  different 
ports. 

And  the  practical  benefits  to  be  derived  from  an  accurate  knowledge 
of  the  height  of  the  tide  at  any  time  are  certainly  very  great.  Among 
them  may  be  mentioned  the  navigation  of  large  ships  over  shoals  and  bars, 
the  docking,  undocking,  launching,  and  hauling  up  of  vessels,  and  the 
floating  off  of  stranded  ships,  and  the  working  of  small  craft, — all  operations 
in  preparing  for  which  a  more  or  less  exact  foreknowledge  of  the  tidal  move- 
ments is  required.  The  preservation  of  property,  and  the  protection  of  un- 
finished works  from  the  overflowing  of  rivers  at  very  high  tides,  and  engi- 
neering works  carried  on  between  high  and  low  water,  may  be  powerfully 
aided. 
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From  tide-observations  made  at  considerable  intervals,  and  reduced  in  the 
manner  followed  above,  some  approximation  to  the  secular  changes  (caused 
by  the  widening  or  narrowing,  the  deepening  or  filling  up  of  rivers)  can  to 
some  extent  be  estimated,  and  embankments  or  other  protections  carried 
out  at  those  places  where  the  tide  is  making  encroachments,  and  a  surer 
foundation  afforded  for  the  reclamation  of  land. 

There  can  be  no  doubt  that  in  all  these  operations  every  advance  towards 
more  perfect  knowledge  of  the  tidal  movements  will  be  accompanied  by  an 
economy  of  time  and  labour  which  in  the  aggregate  must  be  very  considerable. 

40.  It  may  here  be  mentioned  that  there  now  appears  to  be  a  considerable 
difference  in  the  spring-range  of  the  tide  in  the  Thames  at  the  London  Docks 
(amounting  to  13  inches  in  twenty-five  years),  caused,  it  is  supposed,  by  the 
removal  of  obstructions,  extensive  dredging,  and  the  construction  of  the  em- 
bankment. In  the  Admiralty  Tide-tables  the  heights  of  high  water  have 
been  augmented  by  the  apportioned  amount,  but  no  correction  has  been  applied 
to  the  times  of  high  water,  which  are  also  probably  different. 

It  is  to  be  hoped  that  the  Lords  Commissioners  of  the  Admiralty  may  be 
pleased  to  direct  that  new  determinations  of  the  tides  in  the  Thames  and 
other  places  be  made  with  a  view  of  obtaining  the  requisite  foundation  for 
more  extensive  tide-tables  than  those  now  published,  and  supplying  to  the 
mariner  more  accurate  and  complete  knowledge  of  the  tides  along  our  coasts. 


Report  of  the  Committee  for  the  purpose  of  investigating  the  rate  of 
Increase  of  Underground  Temperature  downwards  in  various  Loca- 
lities, of  Dry  Land  and  under  Water.  Drawn  up  by  Professor 
Everett,  at  the  request  of  the  Committee,  consisting  of  Sir  William 
Thomson,  LL.D.,  F.R.S.,  Mr.  E.  W.  Binney,  F.R.S.,  F.G.S., 
Principal  Forbes,  LL.D.,  F.R.S.,  Mr.  Archibald  Geikie,  F.R.S., 
F.G.S.,  Mr.  James  Glaisher,  F.R.S.,  Rev.  Dr.  Graham,  Mr. 
Fleeming  Jenkin,  C.E.,  F.R.S.,  Sir  Charles  Lyell,  Bart.,  LL.D., 
F.R.S.,  Mr.  J.  Clerk  Maxwell,  Mr.  George  Maw,  F.L.S.,  F.G.S., 
Prof.  Phillips,  LL.D.,  F.R.S.,  Mr.  Pengelly,  F.R.S.,  F.G.S., 
Professor  Ramsay,  F.R.S.,  F.G.S.,  Mr.  Balfour  Stewart,  LL.D., 
F.R.S.,  Mr.  G.  J.  Symons,  Professor  James  Thomson,  C.E.,  Pro- 
fessor Young,  M.D.,  F.R.S.E.,  and  Professor  Everett,  D.C.L., 
F.RS.E.,  Secretary. 

The  following  Circular,  issued  to  the  Committee  in  November  1867,  explains 
the  plan  of  procedure  proposed,  and  the  progress  made  in  the  investigation 
up  to  that  tune : — 

Sot, — No  Meeting  of  the  Committee  has  yet  been  held ;  and  as  the  Members 
are  scattered  over  the  country,  it  appears  undesirable  to  wait  for  a  Meeting. 
1  therefore  take  this  opportunity  of  laying  before  you  the  suggestions  of  Sir 
W.  Thomson  and  myself  with  regard  to  the  system  of  observation  which 
should  be  adopted,  and  shall  be  glad  to  receive  any  suggestions  of  your  own 
in  reply. 

The  object  of  investigation  is  the  rate  at  which,  in  various  localities,  the 
temperature  of  the  earth  increases  in  going  downwards,  at  depths  sufficiently 
groat  to  render  the  annual  range  of  temperature  insensible. 


Digitized  by 


Google 


ON  UNDERGROUND  TEMPERATURE.  511 

The  annual  range  of  temperature  diminishes  in  the  ratio  of  2  or  3  to  1  for 
every  10  feet  of  descent,  and  becomes  reduced  to  a  tenth  of  a  degree  Eahr. 
at  depths  of  from  50  to  80  feet  in  this  climate, — these  results  being  derived 
from  observations  extending  to  25  feet  of  depth,  made  at  Greenwich  and  at 
three  localities  in  Edinburgh. 

A  great  boring  or  excavation,  such  as  a  mine,  necessarily  produces  much 
disturbance  of  the  normal  temperature  in  its  neighbourhood,  and  therefore, 
while  observations  in  mines  ought  not  to  be  neglected,  we  think  the  efforts 
of  the  Committee  should  be  chiefly  directed  towards  finding  the  temperatures 
at  various  depths  in  smaller  borings,  such  as  are  usually  made  preliminary  to 
mining-operations.  As  these  are  often  carried  to  depths  of  from  300  to  600 
feet,  they  will  furnish  very  measurable  differences  of  temperature  at  different 
depths  in  the  same  boring.  It  is  suggested  that  observations  should  be  made 
at  every  50th  foot  of  depth.  o 

A  method  which  has  been  used  by  Angstrom  will  probably  be  found  most 
convenient.  It  consists  in  enclosing  a  thermometer  in  a  large  glass  bottle  of 
water,  letting  it  down  to  the  point  where  the  temperature  is  to  be  taken, 
leaving  it  in  that  position  long  enough  to  ensure  that  its  temperature  shall 
not  differ  sensibly  from  that  of  the  soil  nearest  to  tt,  then  drawing  it  quickly 
up  and  reading  off  the  thermometer  before  time  is  allowed  for  any  sensible 
variation  in  its  temperature.  It  would  probably  be  found  advisable  to  use 
two  pistons  or  plugs  (two  bags  of  sand  might  answer  the  purpose),  one  above 
and  the  other  below  the  bottle,  to  check  currents  of  air  or  of  water. 

The  thermoelectric  method  might  also  be  followed  with  great  advantage. 
Two  wires,  one  of  iron  and  the  other  of  copper,  insulated  by  gutta  percha  or 
some  other  covering  as  in  submarine  cables,  and  connected  at  their  ends, 
might  be  let  down,  so  as  to  bring  their  lower  junction  to  the  point  where  the 
temperature  is  to  be  taken,  their  upper  junction  being  immersed  in  a  basin 
of  water,  and  the  circuit  completed  through  a  galvanometer.  The  tempera- 
ture of  the  water  in  the  basin  might  then  be  altered  till  the  galvanometer 
gave  zero  indication.  An  extremely  accurate  determination  of  the  tempera- 
ture at  various  depths  could  in  this  way  be  obtained  with  great  ease  and 
expedition,  when  the  apparatus  had  once  been  prepared ;  but  the  method  by 
water-bottle,  though  requiring  more  time  for  the  observations,  will  probably 
be  in  general  preferred  on  account  of  its  simplicity. 

Currents  of  water  in  a  boring  will  render  it  unsuitable  for  our  purpose ; 
but  water  free  from  currents  will  but  little  affect  the  accuracy  of  observa- 
tion. 

Every  Member  of  the  Committee  is  requested  to  find  out  borings,  in  his 
own  neighbourhood  or  elsewhere,  that  would  be  suitable  for  the  investigation, 
and  also  to  state  whether  he  could  undertake  to  make  the  observations  him- 
self, the  thermometers  or  other  apparatus  required  being  supplied  by  the 
Committee. 

Sir  Wm.  Thomson  has  already  ordered  from  Casella  two  thermometers 
suitable  for  the  water-bottle  method,  and  expects  to  have  them  almost  imme- 
diately for  trial ;  they  are  spirit  thermometers,  with  Fahrenheit  scales,  and 
are  to  be  accurate  to  a  tenth  of  a  degree. 

Your  reply  at  your  earliest  convenience,  with  any  suggestions  you  may 
have  to  offer,  will  oblige  w  obedient  g^^ 

J.  D.  Everett, 
Queen's  College,  Belfast,  Nov.  16, 1867.  Secretary  to  the  Committee. 
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The  only  observations  yet  taken  in  answer  to  the  above  invitation  were 
made  near  Glasgow  by  Sir  W.  Thomson,  from  whose  recent  paper  on  Geo- 
logical Time  (Trans.  Geol.  Soc.  Glasgow,  vol.  iii.  part  1)  the  following  para- 
graph (§  29)  may  now  be  quoted. 

"  All  sound  naturalists  agree  that  we  cannot  derive  accurate  knowledge  of 
underground  temperature  from  mines.  But  every  bore  that  is  made  for  the 
purpose  of  testing  minerals  gives  an  opportunity  of  observation.  If  a  bore 
is  made,  and  is  left  for  two  or  three  days,  it  will  take  the  temperature  of  the 
surrounding  strata.  Let  down  a  thermometer  into  it,  take  proper  means  for 
ascertaining  its  indications,  draw  it  up,  and  you  have  the  measure  of  the 
temperature  at  each  depth.  There  are  most  abundant  opportunities  for  geo- 
thermic  surveys  in  this  locality,  by  the  numerous  bores  made  with  a  view 
to  testing  minerals,  and  which  have  been  left,  either  for  a  time  or  perma- 
nently, without  being  made  the  centre  of  a  shaft.  Through  the  kindness  of 
Mr.  Campbell,  of  Blythswood,  several  bores  in  the  neighbourhood  of  his 
house  have  been  put  at  the  disposal  of  the  Committee  of  the  British  Associa- 
tion, to  which  I  have  referred.  In  one  of  these  bores  very  accurate  observa- 
tions have  been  made,  showing  an  increase  of  temperature  downwards,  but 
which  is  not  exactly  the  same  in  all  the  strata,  the  difference  being  no  doubt 
due  to  different  thermal  conductivities  of  their  different  substances.  1  need 
not  specify  minutely  the  numbers ;  but  I  may  say,  in  a  general  way,  that  the 
average  increase  is  almost  exactly  ^  of  a  degree  Fahrenheit  per  foot  of 
descent;  which  agrees  with  the  estimate  generally  admitted  as  a  rough 
average  for  the  rate  of  increase  of  underground  temperature  in  other  lo- 
calities. 

"  Another  bore  has  been  put  at  the  disposal  of  the  Committee,  and  the 
investigation  of  it  is  to  be  commenced  immediately,  so  that  I  hope  in  the 
course  of  a  few  days  some  accurate  results  will  be  got.  It  has  been  selected 
because  the  mining  engineer  states  in  his  report  that  the  coal  has  been  very 
much  burned  or  charred,  showing  the  effect  of  heat ;  and  it  becomes  an  in- 
teresting question,  Are  there  any  remains  of  that  heat  that  charred  the  coal 
in  ancient  times,  or  has  it  passed  off  so  long  ago  that  the  strata  are  now  not 
sensibly  warmer  on  account  of  it  ?  " 

The  following  report  of  these  observations  has  been  sent  by  Sir  W.  Thomson 
to  the  Secretary  of  the  Committee : — 

The  operations  were  commenced  in  December  last,  with  a  spirit  thermo- 
meter by  Casella,  having  a  stem  14  in.  long,  divided  to  tenths  of  a  degree, 
and  ranging  from  39°  to  61°  Fahr. ;  it  has  a  bulb  3£  in.  long  by  1  in.  diameter, 
is  enclosed  in  an  outer  tube,  nearly  filled  with  spirit,  and  hermetically 
sealed ;  a  protecting  case  of  strong  tin  covered  the  whole ;  and  to  this  case  a 
stout  copper  wire  was  attached  for  lowering  it  in  the  bore. 

Before  commencing  the  operations,  the  thermometer,  thus  mounted,  was 
left  in  a  vessel  of  water  until  the  temperature  remained  unchanged;  it 
was  then  plunged  into  another  vessel  whose  temperature  differed  by  about 
10°  Fahr.  from  the  former,  and  an  interval  of  more  than  a  minute  elapsed 
before  any  change  of  reading  could  be  observed ;  it  was  also  ascertained  that 
it  could  be  raised  from  a  depth  of  60  fathoms  and  a  reading  taken  within 
this  time.  The  following  observations  were  then  made  at  Blythswood, 
about  five  miles  west  of  Glasgow,  during  December  and  January,  in  a  bore 
(No.  1)  60  fathoms  deep,  and  filled  with  water  to  a  constant  depth  of  about 
2  fathoms  from  the  surface : — 
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Depth.       Temperature.  Mean  Temp.    Difference  per  foot. 


347  ft. 

53-65  } 

99 

53-70 

99 

53-72 

300 

52-77 ' 

99 

52-70 

99 

52-80 

240 

51-61 ' 

» 

51-56 

180 

50-49 ' 

99 

50-50 

120 

49-20' 

99 

49-25 

99 

49-20 

60 

47-95 ; 

99 

47-95 

53-69 

8-01979 

52-76 

0-01967 

51-58 
50-50 

0-01800 

49-22 

0-02133 
0-02117 

47-95 

In  all  the  observations  taken  with  this  thermometer,  it  was  allowed  to 
remain  a  day  or  two  at  least  at  each  depth  before  being  raised. 

The  thermometer  was  next  removed  to  a  second  bore,  at  a  short  distance 
from  the  former,  which  was  originally  95  fathoms  deep,  but  had  become 
filled  up  with  sediment  45  fathoms,  leaving  only  50  fathoms  free.  Observa- 
tions were  made  from  early  in  March  till  the  middle  of  April ;  the  results 
from  the  greatest  depths  were  pretty  constant,  but  towards  the  surface  they 
varied  from  time  to  time,  occasioned  in  all  probability  by  a  constant  flow  of 
surface-water  into  the  pipe,  which  found  an  escape  at  some  unknown  depth. 
The  weather  was  generally  wet,  and  there  was  always  more  or  less  entering 
the  pipe,  affected  by  the  temperature  of  the  air. 

It  is  considered  that  the  thermometer  acted  very  satisfactorily  at  the 
depths  at  which  it  was  used ;  but  it  is  doubtful  if  its  indications  could  be 
relied  on  for  considerably  greater  depths,  on  account  of  the  time  taken  to 
wind  it  up ;  and  the 'speed  could  not  be  safely  increased,  particularly  if  the 
bore  has  rough  projections  on  its  sides.  An  instance  of  this  occurred  in  the 
middle  of  April.  While  raising  the  thermometer  with  considerable  velocity, 
it  stuck,  and  would  neither  move  up  nor  down ;  it  had  to  be  left  till  means 
were  got  to  detach  it  gently  from  the  obstruction ;  and  when  brought  to 
the  surface,  the  upper  part  of  its  strong  casing  was  half  torn  away,  but  the 
thermometer  itself  quite  safe. 

With  the  view  of  obviating  this  difficulty,  and  of  observing  more  rapidly, 
trials  were  being  made  at  bore  No.  1  with  a  thermo-electric  junction  of  in- 
sulated copper  and  iron  wire,  let  down  to  various  depths,  and  the  other 
junction  placed  in  a  vessel  of  water,  which  was  heated  or  cooled,  till  a  gal- 
vanometer showed  no  current,  when  the  temperature  was  taken.  Small 
discrepancies  existed  between  the  results  thus  obtained  and  those  previously 
got  directly  with  the  thermometer  ;  but  there  has  not  been  time  hitherto  to 
ascertain  their  cause.  The  chief  difficulties  to  be  overcome  were  the  want 
of  a  steady  stand  for  the  galvanometer  (one  of  SirWm.  Thomson's  delicate 
mirror  galvanometers),  and  the  means  of  obtaining  sufficient  darkness  to  be 
able  to  read  it. 

A  third  method  has  been  tried,  which  promises  to  give  satisfactory  results. 
Two  of  Phillips's  maximum  thermometers  were  furnished  by  Casella ;  but 
unfortunately  on  the  second  day  of  trial  they  met  with  an  accident,  and  had 
to  be  returned  to  London  to  be  repaired,  and  have  only  just  now  been  re- 
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ceived.  They  will,  it  is  expected,  be  tried  soon  at  several  bores  in  the 
neighbourhood  of  Glasgow,  one  of  which  is  174  fathoms  deep,  and  at  about 
half  that  depth  passes  through  18  fathoms  of  greenstone. 

Several  small  hardy  maximum  thermometers,  suited  for  rough  work,  are 
being  constructed  by  Casella,  and  are  to  be  had  from  him  by  any  of  the 
Members  of  Committee,  or  by  parties  recommended  by  them. 

Members  of  Committee  are  earnestly  requested  to  cooperate  energetically  in 
the  work.  The  arrangements  now  made  for  the  supply  of  suitable  thermo- 
meters will  allow  useful  results  to  be  easily  obtained  in  great  abundance, 
from  every  variety  of  situation  where  available  bores  exist,  at  small  expense, 
and  without  much  expenditure  of  time. 


Changes  of  the  Moon's  Surface.    By  Baron  Von  Madler. 

[A  Communication  ordered  to  be  printed  in  extenso.] 
The  earliest  idea  of  the  heavenly  bodies  was  that  they  were  simply  accesso- 
ries of  the  earth,  and  existing  only  on  her  account.  The  course  of  astrono- 
mical discovery  compelled  these  notions  to  give  place  to  another  view,  that 
these  heavenly  bodies  were  independent  spheres ;  from  this  naturally  sprang 
a  desire  to  learn  more  of  these  distant  worlds.  This  desire  can  be  accom- 
plished in  part  by  means  of  the  sight  which  the  telescope  gives  of  the  sur- 
face of  the  heavenly  bodies ;  and  our  own  satellite  in  particular  presents 
such  a  "  wealth  of  objects  "  that  the  most  diligent  efforts  of  the  observer  of 
the  present  day  will  fall  far  short  of  the  representation  of  them  all ;  and 
much,  very  much,  must  remain  for  his  successors  to  accomplish.  But  though 
Eiccioli  more  than  200  years  ago  attached  to  his  '  Grimaldi's  Almanack'  of 
the  Moon  the  superscription  <  Nee  homines  vivere,  nee  plantce  crescere  pos- 
sunt,'  and  all  subsequent  observers  must  agree  with  him,  yet  there  were  not 
a  few  who  sought  to  maintain  a  contrary  opinion.  In  short,  inhabitants  of 
the  moon  have  been  sought  for — Selenites,  as  Helvetius  first  called  them. 
Gruithuysen  hoped  to  see  them  when  they  might  happen  to  be  passing  in  a 
great  mass  through  some  mountain  defile  (wood-roads  was  his  own  word) ; 
and  if  they  themselves  could  not  be  perceived,  he  was  reluctant  to  abandon 
the  hope  that  at  least  their  buildings  and  similar  works  might  be  observed. 
But  it  is  superfluous  to  dwell  on  a  subject  which  rests  upon  such  chimerical 
notions.  The  changes  which  we  meet  with  in  the  moon  have  been  brought 
about  by  natural  power  far  greater  and  more  marked  than  all  the  artificial 
works  we  have  been  able  to  execute,  and  these  changes  are  still  working ; 
and  since  it  cannot  be  doubted  that  with  our  present  instruments  it  would  be 
possible  to  perceive  from  the  moon  events  such  as  some  volcanic  eruptions, 
and  the  raising  of  a  new  island  out  of  the  depths  of  the  sea,  so  may  we 
take  a  hint  to  discover,  if  possible,  such  events  in  the  moon,  and  to  explain 
analogously  anything  seen  or  supposed  to  be  seen  there.  First,  let  us  con- 
sider the  volcanoes  of  which  Sir  W.  Herschel  speaks.  That  renowned  inquirer 
expresses  himself  with  all  possible  caution ;  he  plainly  states  that  he  makes 
use  of  the  word  only  because  there  must  be  some  term  of  designation,  and 
that  he  aimed  at  nothing  less  than  a  definite  explanation.  Notwithstanding 
this  caution,  however,  many  authors  have  spoken  of  burning  volcanoes  in  the 
moon  as  an  undoubted  fact,  and  with  a  reference  to  Herschel's  remarks.  Her- 
schel  was  the  only  one  at  that  time  who  possessed  such  resources,  and  it  had 
long  been  usual  to  receive  all  his  observations  without  the  proof  which  no 
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one  but  himself  was  able  to  give.  These  volcanoes  we  now  know  were  the 
strong  shining  Ring-mountains,  Aristarchus,  Copernicus,  and  Kepler,  which 
he  perceived  on  the  dark  part  of  the  moon,  and  which  every  one  who  pos- 
sesses a  telescope  of  sufficient  power  may  also  see  at  the  approach  of  every 
first  quarter  of  the  moon.  They  always  appear  the  same,  with  the  excep- 
tion of  the  small  variations  caused  by  libration ;  and  I  have  never  missed 
them  even  in  total  eclipses,  finding  them  even  then  bright  and  distinct 
enough  to  convince  me  by  measurement  that  they  were  identical  with  those 
well-known  Ring-mountains.  This  also  would  not  have  escaped  the  notice 
of  Herschel,  if  the  important  and  varied  undertakings,  of  which  he  alone  was 
capable,  had  left  him  time  to  attend  more  especially  to  the  moon.  Schroter, 
of  Iilienthal,  put  forward  to  occupy  the  field  left  free  by  Herschel.  With 
telescopes  of  dimensions  little  less  than  Herschel's,  he  observed  zealously  and 
attentively  the  surface  of  the  moon,  and  his  "  Selenotopographical  fragments  " 
for  a  long  time  excited  general  attention,  though  they  are  now  almost  for- 
gotten ;  in  fact,  it  cannot  be  denied  that  he  mainly  promoted  the  science  by 
gaining  Harding  and  Bessel  to  astronomical  pursuits,  and  providing  them 
with  means  to  dedicate  themselves  entirely  to  its  service ;  for  his  instru- 
ments, which  for  a  long  time  had  crowded  up  the  Gottingen  Observatory, 
have  after  a  close  examination  by  Gauss  been  pronounced  almost  useless,  and 
the  telescopic  mirrors  which  were  presented  to  the  Cabinet  des  Physiques  are 
all  that  now  remain.  The  observations  were  never  collected,  neither  were 
his  data  offered  to  others  for  the  purpose  of  being  reduced  to  mean  librations ; 
and  besides,  he  paid  too  little  attention  to  the  advice  of  his  renowned  friend 
Olbers ;  he  would  discover  variations  on  the  moon's  surface,  without  found- 
ing on  them  a  moon  map,  for  he  expressly  declared  that  he  regarded  them 
as  useless.  My  endeavours  to  obtain  from  his  sketches  a  connected  picture 
of  the  moon,  or  at  least  of  a  part  of  it,  were  in  vain ;  and  Bessel  has  shown 
the  inaccuracy  of  his  measuring-apparatus  by  giving  in  one  design  of  Schroter 
42"  and  in  another  89"  for  one  and  the  same  distance.  Kunowsky  has 
proved  that  all  these  variations  whioh  he  pointed  out  were  mere  illusions.  If 
we  desire  to  arrive  at  unmistakeable  conclusions  respecting  physical  changes 
on  the  moon's  surface,  it  is  imperatively  necessary  to  bear  in  mind  the 
optical  variations,  which  may  consist 

(1)  In  displacement  by  Hbration. 

(2)  In  the  different  illumination  by  the  sun. 

(3)  In  the  changeable  transparency  of  our  atmosphere. 

(1)  Mountains  situated  nearer  the  centre  than  the  edge  of  the  moon's  disk 
in  appearance  are  but  little  affected  by  libration ;  the  nearer  the  edge  the 
more  they  are  affected.  In  such  a  position  a  crater  might  be  easily  concealed 
by  one  of  its  sides,  so  that  one  might  suppose  it  only  a  mountain ;  whilst  by 
a  libration,  which  removes  it  further  from  the  edge,  this  concealment  does  not 
take  place,  and  we  get  a  sight  of  the  crater,  e.  g.  that  of  Schroter's  newly  de- 
scribed crater  in  the  Ring-mountain.     Hevel  is  probably  so  to  be  explained. 

(2)  Mountain-walls  throw  shadows  as  long  only  as  the  angle  of  the  incli- 
nation is  greater  than  the  height  of  the  sun  above  their  horizon ;  and  more- 
over in  places  situated  far  from  the  centre  of  the  moon,  the  shadow  of  a 
declivity  is  to  our  view  concealed  by  the  declivity  itself;  but  the  smaller 
mountains  are  only  to  be  recognized  by  their  shadows,  and  a  whitish  shadow- 
less spot  may  always  be  circular  and  sharply  defined  without  our  being  able 
to  distinguish  whether  here  a  crater,  a  mountain,  or  neither  is  exhibited. 
Most  of  the  moon-mountains  demand  of  us  repeated  observations  if  we  would 
gain  a  right  judgment  respecting  them. 
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(3)  Also,  without  either  clouds  or  fog  being  distinctly  observed,  the  trans- 
parency of  our  atmosphere  is  very  different  according  to  time  and  place,  and 
little  faint  projecting  forms  may  easily  become  alternately  visible  or  invisible 
without  adducing  any  other  cause  than  the  changeable  diaphanism  of  our 
atmosphere.  This  alternation  is  most  conspicuous  in  the  so-called  "  rillen" 
(furrows),  which,  with  few  exceptions,  are  scarcely  visible.  I  could  point  out 
many  places  which  under  the  most  favourable  circumstance,  of  the  air,  appear 
streaked  by  numerous  little  rills,  while  at  another  time  nothing,  or  nothing 
notable  of  them,  is  to  be  seen.  An  exception  must  be  made  only  in  the  case 
of  those  which  are  so  wide  that  we  can  perceive  their  shadows,  as  the  rills 
near  Huyghens  and  Aristarchus.  Schmidt  at  Athens,  who  published  a  pam- 
phlet exclusively  on  the  rills  of  the  moon's  surface,  has  made  the  same  remark. 
Again  the  green  colour  of  some  of  the  moon's  landscapes  is  scarcely  visible ;  it 
generally  appears  only  when  the  moon  is  either  quite  or  nearly  full,  therefore 
all  the  shadows  are  wanting.  At  that  time,  under  favourable  circumstances, 
the  greatest  part  of  the  Mare  Serenitatis  appears  of  a  uniform  green  colour, 
with  a  denned  edge  towards  its  blackish-grey  margins.  At  other  times  these 
edges  are  observed,  which  are,  however,  but  a  lighter  grey  separated  by  a 
darker;  but  it  is  more  difficult  to  distinguish  clearly  this  green  in  Mare  Crisium 
and  Mare  Humorum  from  the  grey. 

Hitherto  telescopes  of  large  dimensions  have  not  been  employed,  or  at  least 
not  continuously,  for  the  moon,  for  which  we  can  find  sufficient  reason.  If 
gigantic  instruments  are  to  manifest  their  full  power  on  these  objects,  not 
only  occasionally,  but  in  an  unbroken  succession  of  nights,  it  is  a  matter  of 
necessity  that  they  be  not  placed  in  Northern  or  Central  Europe,  and  espe- 
cially not  in  the  lower  regions  of  the  atmosphere.  Also  they  must  admit  of 
a  lighter  and  speedier  manipulation,  that  it  may  be  possible  to  direct  them 
to  all  parts  of  the  celestial  vault.  For  double  stars  and  nebulous  spots,  it 
may  suffice  that  the  tube  is  movable  only  in  or  near  the  meridian ;  but  this 
is  by  no  means  a  sufficient  condition  for  the  moon,  and  we  have  never  expected 
that  Lord  Rosse's  telescope  would  advance  our  moon  knowledge.  It  is  not 
here  exclusively  the  question,  in  the  first  instance,  of  the  utmost  magnifying 
power ;  but  quite  different,  and  more  difficult  conditions  must  be  realized. 
"We  have  learned,  through  the  meritorious  labours  of  Piazzi  Smith,  the  unex- 
pectedly great  superiority  which  the  Peak  of  Teneriffe  offers  to  astronomical 
observations ;  and  we  can  adduce  the  experiences  of  others,  which  unite  in 
proving  that  the  highest  possible  stations  in  a  tropical,  or  at  least  subtropical 
country  are  to  be  fixed  upon  as  the  most  fit  for  observations  of  extreme  deli- 
cacy. In  Italy,  Dominique  Gassini  had  seen  spots  on  the  disk  of  Venus  ;  in 
Paris,  though  employing  a  more  powerful  instrument,  he  failed.  I  myself  in 
Dorpat,  and  Lamont  in  Munich,  have  sought  in  vain  for  these  spots  which  Be 
Vico  and  Secchi  found  in  Rome,  and  made  use  of  for  the  determination  of 
that  planet's  rotation.  In  South  America,  Humboldt  could  see  stars  in  the 
Great  Bear  which  in  Europe  he  in  vain  sought,  although  the  constellation  has 
a  much  greater  altitude.  Neither  would  Lassell  have  changed  his  residence 
to  Malta,  had  he  not  been  aware  of  the  great  difference  between  the  two 
climates :  where  the  shadows  of  the  trees  can  plainly  be  perceived  by  Venus's 
light,  there  also  more  can  be  attained  for  the  moon  than  in  our  northern 
climate. 

But  in  order  to  observe  our  satellite  uninterruptedly  and  successfully,  it 
must  be  possible  to  turn  our  instrument  to  every  part  of  the  heavens.  We 
must  be  able  to  observe  the  first  visible  sickle  in  the  W.  or  NW.  after  the 
new  moon,  and  in  the  same  manner  the  last  in  the  E.    a  telescope  which 
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does  not  admit  of  this  easy  change  of  position  may  serve  for  other  astrono- 
mical purposes ;  for  examinations  of  the  moon's  surface  it  is  useless.     For 
even  the  largest  refractors  means  may  be  devised  to  effect  this ;  but  the  great 
reflectors  are  mostly  too  unwieldly.    Mechanics  must  contrive  in  this  respect 
new  means  that  the  observer  may  be  placed  in  a  position  to  manage  the  great 
instrument  in  any  direction  that  may  be  desired  without  extreme  fatigue. 
For,  besides  that  only  under  these  circumstances  all  the  moon's  phases  can  be 
used,  it  is  often  necessary  to  keep  an  object  in  view  for  many  successive 
hours,  in  order  to  catch  all  its  peculiarities.    But,  lastly,  the  carrying  out 
completely  the  representation  of  an  extensive  moon  landscape,  or  even  of  the 
whole  visible  hemisphere,  is  so  comprehensive  a  task  that  it  cannot  be  ex- 
pected from  a  single  individual.     W.  Struve,  when  he  had  set  up  the  Dorpat 
refractor,  thus  expressed  himself : — "He  who  would  delineate  the  moon  with 
this  telescope,  must  relinquish  every  other  astronomical  work ;  for  the  details 
would  be  too  many."  And  it  must  be  taken  into  consideration  that  the  map- 
ping forms  but  a  part  of  the  labour  here  demanded,  and  that  extended  calcu- 
lations of  the  most  varied  kind  must  be  made  before  and  during  the  mapping; 
and  thus  we  arrive  at  the  conclusion  that  the  greatest  labour  of  an  indivi- 
dual cannot  suffice,  but  many  must  participate  in  the  work.     If,  however, 
anything  is  to  be  gained  by  such  united  observation,  the  globe  of  the  moon 
must  be  arranged  by  degrees  of  latitude,  for  only  in  this  manner  would  its 
every  phase  be  used  by  all  employed, — a  long  and  troublesome  method,  so 
that  it  might  appear  to  many  that  the  results  would  not  be  worth  the  trou- 
ble ;  but  if  we  wish  to  become  fully  acquainted  with  the  natural  proportions 
of  our  satellite,  we  have  no  other  choice.     "What  has  lately  been  observed  in 
the  crater  Linne  proves  at  all  events  that  there  real  changes  have  taken  place, 
and  that  too  under  circumstances  even  visible  to  us.     Since  Linne*  (by  my 
work  commenced  thirty-eight  years  since)  formed  a  chief  point  in  the  trigo- 
nometrical chain,  I  was  enabled  to  give   the  proportionately  exact  infor- 
mation, which  was  desired  from  me  on  different  sides.    The  occurrence  of 
perceptible  changes  is  therefore  for  the  first  time  proved ;  but  equally  remark- 
able is  the  circumstance  that  these  events  are  rare ;  for  in  6even  years'  occu- 
pation with  the  moon's  surface  I  never  met  with  such  before,  neither  have 
Lohrmann  and  other  careful  observers  of  that  time. 

Since,  then,  no  doubt  can  be  entertained  that  in  such  a  case  everything 
depends  on  being  able  to  criticise  how  such  an  object  appeared  formerly,  so 
might  a  possibly  exhaustive  representation  and  description  of  all  the  objects 
visible  to  us  on  the  moon's  surface  be  the  fundamental  conditions  of  further 
intellectual  advance.  Photography  will  be  able  in  many  respects  to  facilitate 
the  labours  of  which  we  have  above  spoken ;  undoubtedly  our  incipient  hopes 
went  much  further •  but  TJranology  must  rejoice  in  this  new  resource ;  never- 
theless photographic  representations  of  the  moon  cannot  arrive  at  the  details 
which  an  experienced  eye  and  a  large  telescope  can  obtain ;  and  in  this  case 
everything  depends  on  the  most  exact  representation  of  these  delicate  details. 
For  the  greater  ring-mountains,  plateaux,  and  chains  of  mountains  belong  to 
an  epoch  of  formation  very  long  past,  and  the  present  time  does  not  dare  to 
hope  to  perceive  any  changes  in  its  general  configuration ;  and  yet  an  occur- 
rence of  which  we  are  able  to  obtain  knowledge  is  of  the  utmost  importance. 
The  crater  Linne\  which  has  hitherto  offered  the  only  authentic  example  of  an 
admitted  change,  shows  a  diameter  of  1*4  geographical  miles,  or  six  English 
miles ;  and  it  appears  to  us  only  under  an  angle  of  5£  seconds.  We  can 
hardly  dare  to  expect  still  greater  and  more  extensive  occurrences,  and  a 
considerable  time  will  elapse  before  one  will  be  able  to  give  a  comparative 
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combination  of  these  perceived  relations.  My  eye,  which  has  undergone  an 
operation  for  cataract,  will  no  longer  permit  me  to  make  accurate  and  special 
continuous  observations ;  yet  on  the  10th  of  May,  1867,  1  attempted  an 
observation  of  the  crater  iinn^  in  the  heliometer  of  the  Observatory  at  Bonn. 
I  found  it  shaped  exactly,  and  with  the  same  throw  of  shadow,  as  1  remem- 
ber to  have  seen  it  in  1831.  The  event,  of  whatever  nature  it  may  have  been, 
must  have  passed  away  without  leaving  any  trace  observable  by  me.  I  de- 
sire now  to  recommend  to  moon-observers  a  hitherto  little  considered  subject, 
and  one  formerly  very  erroneously  interpreted — the  "  straits  "  of  light  which 
only  show  themselves  in  high  sun  illumination ;  they  make  a  show  on  Heve- 
lius's  map,  and  even  much  later,  as  Montes,  Myconius,  Eryx,  Crates,  Hereus, 
Sepher,  and  Seir,  while  still  nothing  is  certain  about  them  but  that  they  are 
by  no  means  elevations.  Ridges  of  only  50  feet  high  are  yet  to  be  recognized 
through  their  shadow  near  the  light  edges,  whilst  these  straits  never  show 
the  smallest  shadow,  and  vanish  in  the  vicinity  of  the  light  edges.  Their 
effect  is  that  we  perceive  in  the  full  moon  but  very  little  of  what  is  seen  in 
the  quadratures,  and  especially  near  the  light  edges.  Most  probably  it  is  only 
a  very  great  capability  of  reflection  of  the  ground  by  the  high  position  of  the 
sun  and  referrible  to  internal  causes.  They  proceed  in  a  radiating  manner 
from  single  bright  ring-mountains,  especially  from  Tycho,  Copernicus,  Kepler, 
Byrgius,  Aristarchus,  and  Olbers;  from  some  other  ring-mountains  only 
single  straits  are  proceeding  on  one  side,  as  with  Menelaus  and  Proclua. 
By  a  superficial  observation  they  may  easily  be  confounded  with  the  moun- 
tain veins,  and  so  much  the  more  as  these  latter  have  often  their  origin  at 
ring-mountains ;  but  an  attentive  observer  will  easily  remark  essential  dif- 
ferences between  both  appearances.  I  have  endeavoured  in  my  moon  map  to 
represent  them ;  other  observers  (with  the  exception  of  those  early  ones  who 
have  explained  them  erroneously)  have  not  come  to  my  knowledge — I  mean 
as  to  whether  they  have  made  research  respecting  changes  which  may  occur 
in  them.  The  easiest  to  observe  is  the  light  strait  which  divides  the  M.  Sere- 
nitatU  almost  equally  in  halves ;  still  there  is  another  circumstance  which 
recommends  it  to  a  closer  inquiry,  viz.  because  it  is  visible  almost  up  to  the 
light  edge.  I  have  sometimes  still  observed  traces  of  the  N.W.  part  of  the 
strait  when  that  of  the  S.E.  was  yet  covered  in  night,  since  none  of  the  other 
straits  admitted  so  long  a  visibility;  I  have  examined  it  several  times  for  traces 
of  shadow,  but  never  perceived  the  smallest.  Lastly,  I  would  point  out  the 
rills  of  the  moon's  surface  as  objects  whose  visibility  probably  does  not  de- 
pend only  on  our  atmosphere,  but  is  to  be  referred  to  real  changes ;  thus  I  have 
sought  for  two  long  years  in  vain  for  the  S.W.  continuation  of  the  Ariadseus 
rill  (though  its  existence  came  to  my  knowledge  from  other  quarters)  till  it 
came  unexpectedly  to  my  view  in  1833— certainly  a  most  delicate  object  It 
will  always  be  advisable  to  observe  on  the  same  evening,  not  merely  a  single 
rill,  but  many  somewhat  similar  ones ;  for,  as  the  earth's  atmosphere  muse 
exercise  a  like  effect  upon  them  all,  so  would  a  perceptible  variation  present 
us  with  a  hint  for  farther  investigations. 

Wishes  and  propositions,  with  the  recollections  of  former  years,  are  all 
which  I  am  now  able  to  offer.  May  they  be  an  inducement  to  younger  and 
more  vigorous  observers  to  draw  new  and  fructifying  facts  to  the  light  of  our 
science !  and  may  our  satellite,  after  the  monstrous  fables  which  for  almost 
the  space  of  many  thousand  years  have  gained  credence  respecting  it,  now 
begin,  not  only  by  its  course,  but  also  by  its  natural  constitution,  to  permit  us 
to  pierce  deeper  into  the  secrets  of  the  fabric  of  the  universe ! 
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Report  on  Polyatomic  Cyanides.    By  Thomas  Fairley. 

I.  Cyanofobm. 

I  hate  spent  many  months  and  much  material  in  endeavours  to  obtain  this 
body  in  a  pure  state  by  the  action  of  potassium-cyanide  on  chloroform.  By 
heating  these  substances  along  with  a  considerable  quantity  of  alcohol,  a  very 
dark-coloured  liquid  and  mass  are  obtained,  often  containing  free  ammonia. 
On  filtering  the  warm  liquid  and  distilling  off  the  alcohol,  a  small  portion  of 
very  dark-coloured  residue  is  left.  The  alcohol  which  passes  over  contains 
generally  ammonia,  hydrocyanic  acid,  and  unaltered  chloroform;  but  the 
amount  of  chloroform  so  obtained  I  have  always  found  to  be  much  less  than 
that  originally  employed  in  the  experiment.  The  same  results  are  obtained 
whether  the  materials  are  heated  in  well-closed  soda-water  bottles,  or  in  a 
flask  connected  with  a  reversed  Liebig's  condenser. 

From  the  residue  I  have  sought  to  isolate  pure  cyanoform.  I  have 
employed  all  the  methods  applied  by  Dr.  Maxwell  Simpson  and  others  for 
the  purification  of  cyanides,  as  well  as  other  plans  thought  of  by  myself,  but 
without  success.  On  one  occasion  the  residues  from  many  operations  had 
been  collected  and  extracted  with  ether.  Some  quantity  of  this  ethereal 
extract  was  obtained  and  carefully  examined.  The  result  was  that  it  was 
found  to  consist  in  great  measure  of  amylic  alcohol,  and  other  substances 
which  were,  I  believe,  impurities  in  the  alcohol  employed. 

A  portion  of  residue  obtained  as  above  having  been  tested  and  found  free 
from  alkaline  cyanides,  was  heated  with  sodium.  The  product  contained 
sodium-cyanide,  as  proved  by  the  formation  of  prussian  blue  from  it.  Boiled 
with  caustic  potash,  ammonia  is  evolved,  and  the  liquid,  when  neutralized, 
precipitates  ferric  chloride ;  whether  this  precipitate  contains  any  new  acid  I 
did  not  make  many  attempts  to  ascertain. 

The  hydrogenation  of  the  crude  residue  gave  as  final  results,  chiefly 
ammonium-salts,  but  I  did  not  make  many  experiments  on  a  material  which 
1  knew  was  of  uncertain  composition* 

Two  other  methods  for  obtaining  cyanoform  1  have  thought  of,  and  made 
preparations  for.  One  is  the  action  of  potassium  or  other  cyanides  on 
bromoform,  a  small  quantity  of  which  I  have  prepared.  The  other  is  to  form 
the  nitrite  of  dichloracetic  acid,  and  to  act  on  it  with  cyanide  of  potassium. 
I  have  made  experiments  in  this  direction,  but  I  am  not  yet  able  to  report 
on  them. 

JX  Cyanide  of  Ethylene. 

I  have  prepared  this  body  from  chloride  of  ethylene,  by  Maxwell  Simp- 
son's process.  Attempts  to  hydrogenize  it  gave  results  which  did  not  agree 
with  one  another,  but  from  which  I  have  obtained  chiefly  succinic  acid  and 
salts  of  ammonia.  The  experiments  made  with  this  body  showed  the  impor- 
tance of  paying  particular  attention  to  the  strength  of  acid  and  proportions  of 
materials  used. 

III.  Cyanogen  &o. 

I  have  resumed  experiments  on  the  hydrogenation  of  this  body,  as  it  is 
the  most  convenient  of  these  biatomic  cyanides.  "When  aqueous  solutions 
and  very  dilute  acid  is  used  to  act  on  the  granulated  tin,  the  products  are 
oxalic  acid,  ammonia,  and  a  small  quantity  of  a  base  which  gives  a  very 
deliquescent  chloride.    In  two  experiments  which  gave  these  results,  the  acid 
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was  added  at  intervals  daring  a  fortnight,  so  that  altogether  it  amounted  to 
about  five  per  cent,  of  the  liquid. 

I  have  passed  cyanogen  and  hydrogen,  both  perfectly  dry,  over  platinum- 
black  heated  to  130°  C.  The  tube  containing  the  platinum  was  not  connected 
till  the  hydrogen  had  been  passed  for  about  half  an  hour  through  the  appa- 
ratus and  drying  tubes,  and  till  the  cyanogen  was  given  off  freely.  The 
hydrogen  was  dried  by  passing  over  five  feet  of  pumice-stone  soaked  with 
sulphuric  acid.  The  two  gases  were  mixed  in  a  three-necked  Woulfe's  bottle, 
before  passing  over  the  platinum.  They  next  passed  into  an  empty  bulb 
apparatus,  and  then  into  dilute  acid  (HC1).  On  making  the  connections, 
dense  fumes  filled  that  part  of  the  apparatus  next  the  acid.  After  some  time 
a  small  quantity  of  liquid  condensed  in  the  empty  bulb  apparatus  next  the 
platinum.  This  was  found  to  be  strongly  alkaline,  and  was  neutralized  with 
hydrochloric  acid,  and  filtered  repeatedly  from  a  brown  deposit  which  sepa- 
rated on  standing.  The  determination  of  the  platinum  in  the  platinum-salt 
gave  a  result  corresponding  pretty  closely  to  that  which  would  be  given  by 
the  platinum-salts  of  ethylenediamine  or  methylamine.  The  quantity  of 
platinum-salt  (a  little  over  a  decigramme)  was,  however,  too  small  to  give  a 
sufficiently  reliable  percentage.  The  platinum-black  soon  changes,  and  loses 
its  power.  Water  then  gives  with  it  a  very  dark-coloured  solution,  which  I 
have  not  much  examined. 

In  order  to  obtain  perfectly  definite  results  in  the  hydrogenation  of  cyanogen 
and  other  cyanides,  I  have  recently  adopted  the  plan  of  estimating  the  amount 
of  metal  dissolved,  and  of  the  hydrogen  or  other  gases  evolved,  from  perfectly 
known  quantities  of  materials,  making  each  experiment  as  perfectly  quanti- 
tative as  possible.  The  experiments  which  I  have  made,  and  those  which  I 
am  now  carrying  on,  make  me  confident  of  being  soon  able  to  clear  up  the 
difficulties  which  I  have  worked  at  so  long  unsuccessfully. 

Note  on  the  Solubility  of  Cyanogen  in  Sulphuric  Acid. — Cyanogen  dissolves 
readily  in  strong  sulphuric  acid,  and  is  evolved  in  great  measure  unchanged 
on  addition  of  water.  The  solution  of  cyanogen  in  Bulphuric  acid  produces 
a  beautiful  purple  colour  with  cuprous  cyanide. 

Note  on  the  preparation  of  Olefiant  Oas. — Wohler  recommended  to  add 
sand  to  the  mixture  of  sulphuric  acid  and  alcohol  to  prevent  frothing.  The 
objection  to  this  is  that  the  flasks  used  are  very  apt  to  break,  by  a  part  of 
the  bottom  becoming  dry,  and  the  liquid  afterwards  running  down  on  it  I 
have  found  that  pumice-stone  in  small  pieces  prevents  frothing  equally  well, 
or.  better,  and  since  it  floats  on  the  liquid,  there  is  much  less  risk  of  breakage. 
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MATHEMATICS  AND  PHYSICS. 


Address  by  Professor  Ttndall,  LL.D.,  F.R.S.,  $c.}  President  of  the  Section. 

The  celebrated  Fichte,  in  his  lectures  on  the  "  Vocation  of  the  Scholar,"  insisted 
on  a  culture  for  the  scholar  which  should  not  be  one-sided,  but  all-sided.  His 
intellectual  nature  was  to  expand  spherically  and  not  in  a  single  direction.  In 
one  direction,  however,  Fichte  required  that  the  scholar  should  apply  himself 
directly  to  nature,  become  a  creator  of  knowledge,  and  thus  repay  oy  original 
labours  of  his  own  the  immense  debt  he  owed  to  the  labours  of  others.  It  was 
these  which  enabled  him  to  supplement  the  knowledge  derived  from  his-  own  re- 
searches, so  as  to  render  his  culture  rounded  and  not  one-sided. 

Fichte's  idea  is  to  some  extent  illustrated  by  the  constitution  and  the  labours 
of  the  British  Association.  We  have  here  a  body  of  men  enffagjed  in  the  pursuit 
of  Natural  Knowledge,  but  variously  engaged.  While  sympathizing  with  each  of 
its  departments,  and  supplementing  his  culture  by  knowledge  drawn  from  all  of 
them,  each  student  amongst  us  selects  one  subject  for  the  exercise  of  his  own 
original  faculty — one  line  along  which  he  may  carry  the  light  of  his  private  intel- 
ligence a  little  way  into  the  darkness  by  which  all  knowledge  is  surrounded. 
Thus,  the  geologist  faces  the  rocks ;  the  biologist  fronts  the  conditions  and  pheno- 
mena of  life  ;  the  astronomer  stellar  masses  and  motions ;  the  mathematician  the 
properties  of  space  and  number ;  the  chemist  pursues  his  atoms,  while  the  physi- 
cal investigator  has  his  own  large  field  in  optical,  thermal,  electrical,  acoustical, 
and  other  phenomena.  The  British  Association,  then,  faces  nature  on  all  sides 
and  pushes  knowledge  centrifugally  outwards,  while  through  circumstance  or 
natural  bent  each  of  its  working  members  takes  up  a  certain  line  of  research  in 
which  he  aspires  to  be  an  original  producer,  being  content  in  all  other  directions 
to  accept  instruction  from  his  fellow  men.  The  sum  of  our  labours  constitutes 
what  Fichte  might  call  the  sphere  of  natural  knowledge.  In  the  meetings  of  the 
Association  it  is  found  necessary  to  resolve  this  sphere  into  its  component  parts, 
which  take  concrete  form  under  the  respective  letters  of  our  Sections. 

This  Section  (A)  is  called  the  Mathematical  and  Physical  Section.  Mathematics 
and  physics  have  been  long  accustomed  to  coalesce,  and  hence  this  grouping.  For 
while  mathematics,  as  a  product  of  the  human  mind,  is  self-sustaining  and  nobly 
self- rewarding,  while  the  pure  mathematician  may  never  trouble  his  mind  with 
considerations  regarding  tne  phenomena  of  the  material  universe,  still  the  form 
of  reasoning  which  he  employs,  the  power  which  the  organization  of  that  reason- 
ing confers,  the  applicability  of  his  abstract  conceptions  to  actual  phenomena, 
render  his  science  one  of  the  most  potent  instruments  in  the  solution  of  natural 
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problems.    Incleed  without  mathematics,  expressed  or  implied,  our  knowledge  of 
physical  science  would  he  friable  in  the  extreme. 

Side  by  side  with  the  mathematical  method  we  have  the  method  of  experiment. 
Here,  from  a  starting-point  furnished  by  his  own  researches  or  those  of  others,  the 
investigator  proceeds  by  combining  intuition  and  verification.  He  ponders  the 
knowledge  he  possesses  and  tries  to  push  it  further,  he  guesses  and  checks  his 
guess,  he  conjectures  and  confirms  or  explodes  his  conjecture.  These  guesses  and 
conjectures  are  by  no  means  leaps  in  the  dark ;  for  knowledge  once  gained  casts  a 
faint  light  beyond  its  own  immediate  boundaries.  There  is  no  discovery  so 
limited  as  not  to  illuminate  something  beyond  itself.    The  force  of  intellectual 

Senetration  into  this  penumbra!  region  which  surrounds  actual  knowledge  is  not 
ependent  upon  method,  but  is  proportional  to  the  genius  of  the  investigator.  There 
is,  nowever,  no  genius  so  gifted  as  not  to  need  control  and  verification.  The  pro- 
foundest  minds  know  best  that  Nature's  ways  are  not  at  all  times  their  ways,  and  that 
the  brightest  flashes  in  the  world  of  thought  are  incomplete  until  they  have  been 
proved  to  have  their  counterparts  in  the  world  of  fact.  The  vocation  of  the  true 
experimentalist  is  the  incessant  correction  and  realization  of  his  insight ;  his  ex- 
periments finally  constituting  a  body,  of  which  his  purified  intuitions  are,  as  it 
were,  the  soul. 

Partly  through  mathematical  and  partly  through  experimental  research,  physi- 
cal science  has  of  late  years  assumed  a  momentous  position  in  the  world.  Both 
in  a  material  and  in  an  intellectual  point  of  view  it  has  produced,  and  it  is  destined 
to  produce,  immense  changes, — vast  social  ameliorations,  and  vast  alterations  in  the 
popular  conception  of  the  origin,  rule,  and  governance  of  things.  Miracles  are 
wrought  by  science  in  the  physical  world,  while  philosophy  is  forsaking  its  ancient 
metaphysical  channels  and  pursuing  those  opened  or  indicated  by  scientific  re- 
search. This  must  become  more  and  more  the  case  as  philosophic  writers  become 
more  deeply  imbued  with  the  methods  of  science,  better  acquainted  with  the  facts 
which  scientific  men  have  won,  and  with  the  great  theories  which  they  have  ela- 
borated. 

If  you  look  at  the  face  of  a  watch,  you  see  the  hour-  and  minute-hands,  and 
possibly  also  a  second-hand,  moving  over  the  graduated  dial.  Why  do  these  hands 
move  P  and  why  are  their  relative  motions  such  as  they  are  observed  to  be  ?  These 
questions  cannot  be  answered  without  opening  the  watch,  mastering  its  various 
parts,  and  ascertaining  their  relationship  to  each  other.  When  this  is  done,  we 
find  that  the  observed  motion  of  the  hands  follows  of  necessity  from  the  inner  me- 
chanism of  the  watch  when  acted  upon  by  the  force  invested  m  the  spring. 

This  motion  of  the  hands  may  be  called  a  phenomenon  of  art,  but  the  case  is 
similar  with  the  phenomena  of  nature.  These  also  have  their  inner  mechanism, 
and  their  store  of  force  to  set  that  mechanism  going.  The  ultimate  problem  of 
physical  science  is  to  reveal  this  mechanism,  to  discern  this  store,  and  to  show  that 
from  the  combined  action  of  both  the  phenomena  of  which  they  constitute  the 
basis  must  of  necessity  flow. 

I  thought  that  an  attempt  to  give  you  even  a  brief  and  sketchy  illustration  of  the 
manner  in  which  scientific  thinkers  regard  this  problem  would  not  be  uninteresting 
to  you  on  the  present  occasion  ,*  more  especially  as  it  will  give  me  occasion  to  say  a 
word  or  two  on  the  tendencies  and  limits  of  modern  science,  to  point  out  the  region 
which  men  of  science  claim  as  their  own,  and  where  it  is  mere  waste  of  time  to  op- 
pose their  advance,  and  also  to  define,  if  possible,  the  bourn  between  this  and  that 
other  region  to  which  the  questionings  and  yearnings  of  the  scientific  intellect  are 
directed  in  vain. 

But  here  your  tolerance  will  be  needed.  It  was  the  American  Emerson,  I  think, 
who  said  that  it  is  hardly  possible  to  state  any  truth  strongly  without  apparent  in- 
jury to  some  other  truth.  Under  the  circumstances,  the  proper  course  appears  to 
be  to  state  both  truths  strongly,  and  allow  each  its  fair  snare  in  the  formation  of 
the  resultant  conviction.  For  truth  is  often  of  a  dual  character,  taking  the  form  of 
a  magnet  with  two  poles ;  and  many  of  the  differences  which  agitate  the  thinking 
part  of  mankind  are  to  be  traced  to  the  exclusiveness  with  which  different  parties 
affirm  one  half  of  the  duality  in  forgetf  ulness  of  the  other  half.  But  this  waiting 
for  the  statement  of  the  two  sides  of  a  question  implies  patience.    It  implies  a  reeo- 
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lution  to  suppress  indignation  if  the  statement  of  the  one  half  should  clash  with  our 
convictions,  and  not  to  suffer  ourselves  to  be  unduly  elated  if  the  half-statement 
should  chime  in  with  our  views.  It  implies  a  determination  to  wait  calmly  for  the 
statement  of  the  whole,  before  we  pronounce  judgment  either  in  the  form  of  ac- 
quiescence or  dissent 

This  premised,  let  us  enter  upon  our  task.  There  have  been  writers  who  affirmed 
that  the  pyramids  of  Egypt  were  the  productions  of  nature ;  and  in  his  early  youth 
Alexander  von  Humboldt  wrote  an  essay  with  the  express  object  of  refuting  this 
notion.  We  now  regard  the  pyramids  as  the  work  of  men's  hands,  aided  prooably 
by  machinery  of  which  no  record  remains.  We  picture  to  ourselves  the  swarming 
workers  toiling  at  those  vast  erections,  lifting  the  inert  stones,  and,  guided  by  the 
volition,  the  skill,  and  possibly  at  times  by  the  whip  of  the  architect,  placing  the 
stones  in  their  proper  positions.  The  blocks  in  this  case  were  moved  by  a  power 
external  to  themselves,  and  the  final  form  of  the  pyramid  expressed  the  thought  of 
its  human  builder. 

Let  us  pass  from  this  illustration  of  building  power  to  another  of  a  different  kind. 
When  a  solution  of  common  salt  is  slowly  evaporated,  the  water  which  holds  the 
salt  in  solution  disappears,  but  the  salt  itself  remains  behind.  At  a  certain  stage  of 
concentration  the  salt  can  no  longer  retain  the  liquid  form ;  its  particles,  or  mole- 
cules, as  they  are  called,  begin  to  deposit  themselves  as  minute  solids,  so  minute, 
indeed,  as  to  defy  all  microscopic  power.  As  evaporation  continues  solidification 
goes  on,  and  we  finally  obtain,  through  the  clustering  together  of  innumerable 
molecules,  a  finite  mass  of  salt  of  a  definite  form.  What  is  this  form  P  It  some- 
times seems  a  mimicry  of  the  architecture  of  Egypt.  We  have  little  pyramids 
built  by  the  salt,  terrace  above  terrace  from  base  to  apex?  forming  thus  a  series  of 
jteps  resembling  those  up  which  the  Egyptian  traveller  is  dragged  by  his  guides. 
The  human  mind  is  as  little  disposed  to  look  at  these  pyramidal  salt-crystals  with- 
>ut  further  question,  as  to  look  at  the  pyramids  of  Egypt  without  inquiring  whence 
hey  came.     How,  then,  are  those  salt-pyramids  built  up  ? 

Guided  by  analogy,  you  may  suppose  that,  swarming  amonff  the  constituent 
nolecules  of  the  salt,  there  is  an  invisible  population,  guided  and  coerced  by  some 
tivisible  master,  and  placing  the  atomic  blocks  in  their  positions.  This,  however, 
i  not  the  scientific  idea,  nor  do  1  think  your  good  sense  will  accept  it  as  a  likely 
ne.  The  scientific  idea  is  that  the  molecules  act  upon  each  other  without  the  in- 
dention of  slave  labour ;  that  they  attract  each  otner  and  repel  each  other  at  cer- 
in  definite  points,  and  in  certain  definite  directions ;  and  that  the  pyramidal  form 
the  result  of  this  play  of  attraction  and  repulsion.  While,  then,  the  blocks  of 
ffypt  were  laid  down  by  a  power  external  to  themselves,  these  molecular  blocks  of 
It  are  self-posited,  being  fixed  in  their  places  by  the  forces  with  which  they  act 
>on  each  otner. 

I  take  common  salt  as  an  illustration  because  it  is  so  familiar  to  us  all ;  but  al- 
3st  any  other  substance  would  answer  my  purpose  equally  well.  In  fact,  through- 
t  inorganic  nature,  we  have  this  formative  power,  as  Fichte  would  call  it — tnis 
•uctural  energy  ready  to  come  into  play,  and  build  the  ultimate  particles  of 
itter  into  definite  shapes.  It  is  present  everywhere.  The  ice  of  our  winters  and 
our  polar  regions  is  its  handywork,  and  so  equally  are  the  quartz,  felspar,  and 
ca  of  our  rocks.  Our  chalk-beds  are  for  the  most  part  composed  of  minute  shells, 
Lich  are  also  the  product  of  structural  energy  ;  but  behind  the  shell,  as  a  whole, 
5  the  result  of  another  and  more  subtle  formative  act.  These  shells  are  built  up 
ittle  crystals  of  calc-spar,  and  to  form  these  the  structural  force  had  to  deal  witn 
intangible  molecules  of  carbonate  of  lime.  This  tendency  on  the  part  of 
-ter  to  organize  itself,  to  grow  into  shape,  to  assume  definite  forms  in  obe- 
ice  to  the  definite  action  of  force,  is,  as  I  have  said,  all-pervading.  It  is  in 
ground  on  which  you  tread,  in  the  water  you  drink,  in  the  air  you  breathe, 
pient  life,  in  fact,  manifests  itself  throughout  the  whole  of  what  we  call  inor- 
c  nature. 

he  forms  of  minerals  resulting  from  this  play  of  forces  are  various,  and  exhibit 

jrent  degrees  of  complexity.     Men  of  science  avail  themselves  of  all  possible 

ns  of  exploring  this  molecular  architecture.     For  this  purpose  they  employ  in 

as   agents  of  exploration,  light,  heat,  magnetism,  electricity,  and  sound. 
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Polarized  light  is  especially  useful  and  powerful  here.  A  beam  of  such  light,  when 
sent  in  among  the  molecules  of  a  crystal,  is  acted  on  by  them,  and  from  this  action 
we  infer  with  more  or  less  of  clearness  the  manner  in  which  the  molecules  are 
arranged.  The  difference,  for  example,  between  the  inner  structure  of  a  plate  of 
rock-salt  and  a  plate  of  crystallized  sugar  or  sugar-candy  is  thus  strikingly  revealed. 
These  differences  may  be  made  to  display  themselves  in  phenomena  of  colour  of 
great  splendour,  the  play  of  molecular  force  being  so  regulated  as  to  remove  certain 
of  the  coloured  constituents  of  white  light,  and  to  leave  others  with  increased  in- 
tensity behind. 

And  now  let  us  pass  from  what  we  are  accustomed  to  regard  as  a  dead  mineral 
to  a  living  g^rain  of  corn.  When  it  is  examined  by  polarized  light,  chromatic  phe- 
nomena similar  to  those  noticed  in  crystals  are  observed.  And  why  P  Because  the 
architecture  of  the  grain  resembles  in  some  degree  the  architecture  of  the  crystal. 
In  the  corn  the  molecules  are  also  set  in  definite  positions,  from  which  they  act 
upon  the  light.  But  what  has  built  together  the  molecules  of  the  corn  P  I  have 
already  said  regarding  crystalline  architecture  that  you  may,  if  you  please,  con- 
sider the  atoms  and  molecules  to  be  placed  in  position  by  a  power  external  to 
themselves.  The  same  hypothesis  is  open  to  you  now.  But  if  in  the  case  of 
crystals  you  have  rejected  this  notion  of  an  external  architect,  I  think  you  are  bound 
to  reject  it  now,  and  to  conclude  that  the  molecules  of  the  corn  are  self-posited  by 
the  forces  with  which  they  act  upon  each  other.  It  would  be  poor  philosophy  to 
invoke  an  external  agent  in  the  one  case  and  to  reject  it  in  the  other. 

Instead  of  cutting  our  grain  of  corn  into  thin  slices  and  subjecting  it  to  the  action 
of  polarized  light,  let  us  place  it  in  the  earth  and  subject  it  to  a  certain  degree  of 
warmth.  In  other  words,  let  the  molecules,  both  of  the  corn  and  of  the  surrounding 
earth,  be  kept  in  a  state  of  agitation  ;  for  warmth,  as  most  of  you  know,  is,  in  the 
eye  of  science,  tremulous  molecular  motion.  Under  these  circumstances,  the  grain 
and  the  substances  which  surround  it  interact,  and  a  molecular  architecture  is  the 
result  of  this  interaction.  A  bud  is  formed  j  this  bud  reaches  the  surface,  where  it 
is  exposed  to  the  sun's  rays,  which  are  also  to  be  regarded  as  a  kind  of  vibratory 
motion.  And  as  the  common  motion  of  heat  with  which  the  grain  and  the  sub- 
stances surrounding  it  were  first  endowed,  enabled  the  grain  and  these  substances 
to  coalesce,  so  the  specific  motion  of  the  sun's  rays  now  enables  the  green  bud  to 
feed  upon  the  carbonic  acid  and  the  aqueous  vapour  of  the  air,  appropriating  those 
constituents  of  both  for  which  the  blade  has  an  elective  attraction,  and  permitting 
the  other  constituent  to  resume  its  place  in  the  air.  Thus  forces  are  active  at  the 
root,  forces,  are  active  in  the  blade,  the  matter  of  the  earth  and  the  matter  of  the 
atmosphere  are  drawn  towards  the  plant,  and  the  plant  augments  in  size.  We 
have  in  succession  the  bud,  the  stalk,  the  ear,  the  full  corn  m  the  ear.  For  the 
forces  here  at  play  act  in  a  cycle  which  is  completed  by  the  production  of  grains 
similar  to  that  with  which  the  process  began. 

Now  there  is  nothing  in  this  process  which  necessarily  eludes  the  power  of  mind 
as  we  know  it.  An  intellect  the  same  in  kind  as  our  own  would,  if  only  suffi- 
ciently expanded,  be  able  to  follow  the  whole  process  from  beginning  to  end.  No 
entirely  new  intellectual  faculty  would  be  needed  for  this  purpose.  The  duly  ex- 
panded mind  would  see  in  the  process  and  its  consummation  an  instance  of  the  play 
of  molecular  force.  It  would  see  every  molecule  placed  in  its  position  bv  the  spe- 
cific attractions  and  repulsions  exerted  oetween  it  and  other  molecules.  Say,  given 
the  grain  and  its  environment,  an  intellect  the  same  in  kind  as  our  own,  but  suffi- 
ciently expanded,  might  trace  out  a  priori  every  step  of  the  process,  and  by  the 
application  of  mechanical  principles  would  be  able  to  demonstrate  that  the  cycle 
of  actions  must  end,  as  it  is  seen  to  end,  in  the  reproduction  of  forms  like  that  with 
which  the  operation  began.  A  similar  necessity  rules  here  to  that  which  rules  the 
planets  in  their  circuits  round  the  sun. 

You  will  notice  that  I  am  stating  my  truth  strongly,  as  at  the  beginning  we 
agreed  it  should  be  stated.  But  I  must  go  still  further,  and  affirm  that  in  the  eye 
of  science  the  animal  body  is  just  as  much  the  product  of  molecular  force  as4hestalk 
and  ear  of  corn,  or  as  the  crystal  or  salt  of  sugar.  Many  of  its  parts  are  obvi&HiF 
mechanical.  Take  the  human  heart,  for  example,  with  its  exquisite  system  <& 
valves,  or  take  the  eye  or  the  hand.    Animal  heat,  moreover,  is  the  same  in  kind 
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as  the  heat  of  a  fire,  being  produced  by  the  same  chemical  process.  Animal  mo- 
tion, too,  is  as  directly  derived  from  the  food  of  the  animal,  as  the  motion  of 
Trevethyck's  walking-enjjine  from  the  fuel  in  its  furnace.  As  regards  matter,  the 
animal  body  creates  nothing;  as  regards  force,  it  creates  nothing.  Which  of  you 
by  taking  thought  can  add  one  cubit  to  his  stature  P  All  that  has  been  said  regard- 
ing the  plant  may  be  restated  with  regard  to  the  animal.  Every  particle  that 
enters  into  the  composition  of  a  muscle,  a  nerve,  or  a  bone,  has  been  placed  in  its 

Sosition  by  molecular  force.  And  unless  the  existence  of  law  in  these  matters  be 
enied,  and  the  element  of  caprice  introduced,  we  must  conclude  that,  given  the 
relation  of  any  molecule  of  the  body  to  its  environment,  its  nosition  in  the  body 
might  be  predicted.  Our  difficulty  is  not  with  the  quality  of  tne  problem,  but  with 
its  complexity ;  and  this  difficulty  might  be  met  by  the  simple  expansion  of  tho 
faculties  which  man  now  possesses.  Given  this  expansion,  and  given  the  necessary 
molecular  data,  and  the  chick  might  be  deduced  as  rigorously  and  as  logically  from 
the  egg  as  the  existence  of  Neptune  was  deduced  from  the  disturbances  of  Uranus, 
or  as  conical  refraction  was  deduced  from  the  undulatory  theory  of  light 

You  see  I  am  not  mincing  matters,  but  avowing  nakedly  what  many  scientific 
thinkers  more  or  less  distinctly  believe.  The  formation  of  a  crystal,  a  plant,  or  an 
animal,  is  in  their  eyes  a  purely  mechanical  problem,  which  differs  from  the  pro- 
blems of  ordinary  mechanics  in  the  smallness  of  the  masses  and  the  complexity  of 
the  processes  involved.  Here  you  have  one  half  of  our  dual  truth ;  let  us  now  glance 
at  the  other  half.  Associated  with  this  wonderful  mechanism  of  the  animal  body 
we  have  phenomena  no  less  certain  than  those  of  physics,  but  between  which  and 
the  mechanism  we  discern  no  necessary  connexion.  A  man,  for  example,  can  say 
J  feel,  I  think,  I  love ;  but  how  does  consciousness  infuse  itself  into  the  problem  ? 
The  human  brain  is  said  to  be  the  organ  of  thought  and  feeling ;  when  we  are  hurt 
the  brain  feels  it,  when  we  ponder  it  is  the  brain  that  thinks,  when  our  passions  or 
affections  are  excited  it  is  through  the  instrumentality  of  the  brain.  Let  us 
endeavour  to  be  a  little  more  precise  here.  I  hardly  imagine  that  any  profound 
scientific  thinker,  who  has  reflected  upon  the  subject,  exists  who  would  not 
admit  the  extreme  probability  of  the  hypothesis,  that  for  every  fact  of  conscious- 
ness, whether  in  the  domain  of  sense,  of  thought,  or  of  emotion,  a  certain  definite 
molecular  condition  is  set  up  in  the  brain ;  that  this  relation  of  physics  to  con- 
sciousness is  invariable,  so  that,  given  the  state  of  the  brain,  the  corresponding 
thought  or  feeling  might  be  infeiTed ;  or  given  the  thought  or  feeling:,  the  corre- 
sponding state  of  the  brain  might  be  inferred.  But  how  inferred  P  It  is  at  bottom 
not  a  case  of  logical  inference  at  all,  but  of  empirical  association.  You  may 
reply  that  many  of  the  inferences  of  science  are  of  this  character ;  the  inference, 
for  example,  that  an  electric  current  of  a  jjiven  direction  will  deflect  a  magnetic 
needle  in  a  definite  way;  but  the  cases  differ  in  this,  that  the  passage  from  the 
current  to  the  needle,  if  not  demonstrable,  is  thinkable,  and  that  we  entertain 
no  doubt  as  to  the  final  mechanical  solution  of  the  problem ;  but  the  passage  from 
the  physics  of  the  brain  to  the  corresponding  facts  of  consciousness  is  unthinkable. 
Granted  that  a  definite  thought,  and  a  definite  molecular  action  in  the  brain  occur 
simultaneously ;  we  do  not  possess  the  intellectual  organ,  nor  apparently  any  rudi- 
ment of  the  organ,  which  would  enable  us  to  pass  by  a  process  of  reasoning  from 
the  one  phenomenon  to  the  other.  They  appear  together,  but  we  do  not  know 
why.  Were  our  minds  and  senses  so  expanded,  strengthened,  and  illuminated  as 
to  enable  us  to  see  and  feel  the  very  molecules  of  the  brain ;  were  we  capable  of 
following  all  their  motions,  all  their  groupings,  all  their  electric  discharges,  if  such 
there  be;  and  were  we  intimately  acquainted  with  the  corresponding  states  of 
thought  and  feeling,  we  should  be  as  far  as  ever  from  the  solution  of  the  problem, 
(t  How  are  these  physical  processes  connected  with  the  facts  of  consciousness  ?  " 
The  chasm  between  the  two  classes  of  phenomena  would  still  remain  intellectually 
impassable.  Let  the  consciousness  of  love,  for  example,  be  associated  with  a  right- 
handed  spiral  motion  of  the  molecules  of  the  brain,  and  the  consciousness  of  note 
with  a  left-handed  spiral  motion.  We  should  then  know  when  we  love  that  the 
motion  is  in  one  direction,  and  when  we  hate  that  the  motion  is  in  the  other;  but 
the  u  why  ?  "  would  still  remain  unanswered. 
In  affirming  that  the  growth  of  the  body  is  mechanical,  and  that  thought,  as 
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exercised  by  us,  has  its  correlative  in  the  physics  of  the  brain.  I  think  the  position 
of  the  "  Materialist "  is  stated  as  far  as  that  position  is  a  tenable  one.    I  think  the 


materialist  will  be  able  finally  to  maintain  this  position  against  all  attacks ;  but  I 
do  not  think,  as  the  human  mind  is  at  present  constituted,  that  he  can  pass  beyond 
it.  I  do  not  think  he  is  entitled  to  say  that  his  molecular  groupings  ana  his 
molecular  motions  explain  everything.  In  reality  they  explain  nothing.  The  ut- 
most he  can  affirm  is  the  association  of  two  classes  of  phenomena,  of  whose  real 
bond  of  union  he  is  in  absolute  ignorance.  The  problem  of  the  connexion  of  body 
and  soul  is  as  insoluble  in  its  modern  form  as  it  was  in  the  prescientific  ages. 
Phosphorus  is  known  to  enter  into  the  composition  of  the  human  brain,  and  a 
courageous  writer  has  exclaimed,  in  his  trenchant  German,  "  Ohne  Phosphor  kein 
Gedanke."  That  may  or  may  not  be  the  case ;  but  even  if  we  knew  it  to  be  the 
case,  the  knowledge  would  not  lighten  our  darkness.  On  both  sides  of  the  zone 
here  assigned  to  the  materialist  he  is  equally  helpless.  If  you  ask  him  whence  is 
this  "  matter  "  of  which  we  have  been  discoursing,  who  or  what  divided  it  into 
molecules,  who  or  what  impressed  upon  them  this  necessity  of  running  into 
organic  forms,  he  has  no  answer.  Science  also  is  mute  in  reply  to  these  questions. 
But  if  the  materialist  is  confounded  and  science  rendered  dumb,  who  else  is  en- 
titled to  answer  ?  To  whom  has  the  secret  been  revealed  ?  Let  us  lower  our 
heads  and  acknowledge  our  ignorance  one  and  all.  Perhaps  the  mystery  may 
resolve  itself  into  knowledge  at  some  future  day.  The  process  of  things  upon  this 
earth  has  been  one  of  amelioration.  It  is  a  long  way  from  the  Iguanodon  and  his 
contemporaries,  to  the  PresideDt  and  Members  of  the  British  Association.  And 
whether  we  regard  the  improvement  from  the  scientific  or  from,  the  theological 
point  of  view,  as  the  result  of  progressive  development,  or  as  the  result  of  suc- 
cessive exhibitions  of  creative  energy,  neither  view  entitles  us  to  assume  that 
man's  present  faculties  end  the  series, — -that  the  process  of  amelioration  stops  at  him. 
A  time  may  therefore  come  when  this  ultra-scientific  region  by  which  we  are 
now  enfolded  may  offer  itself  to  terrestrial,  if  not  to  human  investigation.  Two- 
thirds  of  the  rays  emitted  by  the  sun  fail  to  arouse  in  the  eye  the  sense  of  vision. 
The  rays  exist/but  the  visual  organ  requisite  for  their  translation  into  light  does 
not  exist.  And  so  from  this  region  of  darkness  and  mystery  which  surrounds  us, 
rays  may  now  be  darting  which  require  but  the  development  of  the  proper  intel- 
lectual organs  to  translate  them  into  knowledge  as  far  surpassing  ours  as  ours  does 
that  of  the  wallowing  reptiles  which  once  held  possession  of  this  planet.  Mean- 
while the  mystery  is  not  without  its  uses.  It  certainly  may  be  made  a  power  in 
the  human  soul ;  but  it  is  a  power  which  has  feeling,  not  knowledge,  for  its  base. 
It  may  be,  and  will  be,  and  we  hope  is  turned  to  account,  both  in  steadying  and 
strengthening  the  intellect,  and  in  rescuing  man  from  that  littleness  to  which, 
in  the  struggle  for  existence,  or  for  precedence  in  the  world,  he  is  continually 
prone.  ^____ 

On  the  Necessity  for  State  Intervention  to  secure  the  Progress  of  Physical  Science. 
By  Lieut.-Col.  A.  Strange,  F.B.S.,  Government  Inspector  of  Scientific  In- 
struments, India  Department. 

The  author  pointed  out  that  physical  science,  like  literature  and  the  fine  arts, 
requires  to  be  taught,  to  be  extended,  and  to  be  exhibited ;  that  the  necessity  fotf 
teaching  science  in  schools  and  universities  is  now  generally  admitted ;  that  the 
results  of  science  are  very  fully  exhibited  in  all  civilized  communities :  but  that 
the  provision  for  extending  the  boundaries  of  scientific  knowledge  in  England  is 
inadequate  and  unsystematic.  After  enumerating  some  of  the  institutions,  national 
and  corporate,  in  which  certain  branches  of  science  are  cultivated,  the  author  re- 
marked that  these  are  too  limited  in  their  objects,  their  scope,  and  their  number  to 
collect  the  data,  and  to  push  on  with  the  necessary  promptitude  the  investigations 
of  which  we  stand  in  need.  The  paper  urges  that  the  period  is  gone  by  when 
science  generally  can  be  cultivated  with  simple  and  primitive  means ;  and  that 
the  required  researches  of  the  present  day  need  for  tneir  successful  prosecution 
buildings  expressly  constructed  for  the  purpose,  extensive  and  costly  appliances, 
and  the  continuous  employment  of  the  highest  skill.     It  is  evident  that  these  re- 
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|uirements  cannot  be  met  by  private  enterprise  and  munificence,  or  even  by  corpo- 
rate bodies  supported  by  private  contributions.  These  postulates  being  admitted, 
It  follows  of  necessity  that  the  resources  of  the  State  alone  can  adequately  supply 
the  existing  want ;  and  that  unless  these  are  so  employed  the  progress  of  scientific 
knowledge  and  discovery  must  become  slower  and  slower. 

Without  entering  into  premature  details,  the  paper  proposes  that  there  should 
be  established  a  system  of  national  institutions  for  the  sole  purpose  of  advan- 
cing science  by  practical  research,  quite  apart  from  teaching  it ;  that  such  insti- 
tutions, provided  with  extensive  appliances  and  skilled  operators,  should  be  pre- 
sided over  by  a  governing  body  constituted  with  reference  solely  to  the  scientific 
eminence  of  its  members,  or,  which  would  be  better,  by  a  single  chief,  directly 
responsible  to  a  Minister  of  State,  as  now  proposed  for  the  British  Museum.  That 
this  body  or  chief  should  direct  the  labours  of  the  Executive  into  such  fields  as  they 
may  deem  most  worthy  of  being  explored  j  and  that  they  should  also  have  the 
power  of  sanctioning  experiments  and  investigations  proposed  by  any  person  un- 
connected with  them,  thus  rendering  the  institution  as  much  as  possible  accessible 
to  the  scientific  public,  and  to  persons  whose  objects,  manufacturing  or  other,  re- 
quire for  their  promotion  physical  data  which  they  may  possess  neither  the  skill 
nor  the  appliances  to  obtain.  Publication  of  results  should  also  be  duly  provided 
for.  The  paper  observes  that  such  institutions  would  form  a  consultative  body  to 
which  the  State  would  resort  for  that  advice  and  assistance  which  is  now  sought 
to  be  obtained  by  the  very  costly  and  not  always  very  satisfactory  expedient  of 
special  commissions.  The  advantages  which  the  nation  derives  from  the  results 
of  science,  cultivated  even  as  it  is  at  present,  desultorily  and  inefficiently,  would 
be  enormously  multiplied  by  the  introctuction  of  the  principle  of  continuity  in  re- 
search?  and  by  the  employment  of  the  highest  skill  ana  the  most  perfect  appliances. 
Systematic  investigation  conducted  in  the  comprehensive  manner  proposed  must 
prove  directly  remunerative,  whether  applied  to  strictly  State  purposes,  or  whether 
utilized  in  the  public  works,  the  manufactures,  and  the  general  necessities  of  the 
nation. 

The  objections  that  may  be  urged  against  the  present  proposal  are  then  touched 
on.  The  chief  of  these  are : — First,  that  such  State  institutions  would  tend  to  chill 
private  enterprise.  The  reply  is,  that  in  certain  departments  of  science  the  State 
nas  long  been  compelled  to  intervene.  National  observatories,  surveys,  and  museums 
are  instanced.  These  rather  tend  to  stimulate  than  to  restrain  the  private  cultiva- 
tion of  science.  But  it  is  assumed,  as  the  very  foundation  of  the  present  paper, 
that  private  scientific  enterprise,  great  as  it  is  in  England,  does  not  satisfy  the 
present  demands  for  physical  data  and  laws ;  and  therefore,  if  State  intervention 
may  be  expected  to  satisfy  those  demands,  the  risk  of  discouraging  the  present 
insufficient  agency  must  be  incurred.  And  it  is  maintained  that  the  tendency  of 
progressive  civilization  must  be  to  supersede  individual  effort.  Secondly,  that  such 
a  system  as  that  proposed  would  bring  with  it  abuses  and  jobbery.  Xet  this  be 
admitted  with  regard  to  science  in  common  with  every  human  organization.  Every 
profession  and  eveiy  branch  of  the  public  service  suffers  from  the  inevitable  evil. 
But  in  spite  of  obvious  corruption  and  favouritism,  we  still  keep  up  an  army,  a 
navy,  and  a  parliament.  The  greatest  care  must  be  taken  to  exclude  abuses ;  and 
those  that  will  undoubtedly  gain  admission  must  be  considered  as  part  of  the 
price  paid  for  the  advantages  obtained.  There  are  no  grounds  for  imputing  to 
science  any  special  capacity  for  corruption.  Thirdly,  that  the  amount  of  work  to 
be  done  may  not  prove  sufficient  for  the  continuous  employment  of  very  extensive 
establishments.  The  paper,  however,  assumes  the  contrary;  its  limits  do  not 
admit  of  the  discussion  of  this  objection,  which  would  be  submitted  for  the  opinions 
of  the  men  most  eminent  in  physical  research.  After  a  brief  recapitulation,  the 
paper  concludes  thus : — 

"  Every  visitor  to  this  Congress  of  Science  receives  a  printed  paper,  in  which  he 
is  told  that 

" l  The  objects  of  the  British  Association  are  to  give  a  stranger  impulse  and 
more  systematic  direction  to  scientific  inquiry,'  and  i  to  remove  any  disadvan- 
tages of  a  public  kind  which  impede  its  progress.' 
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"  These  words  define,  as  precisely  as  if  they  had  been  writfen  for  the  express* 
purpose,  the  aims  of  the  present  proposal.  It  is  for  this  powerful  and  enlightened 
Body  to  consider  whether  such  an  investigation  of  the  subject  shall  be  instituted 
as  may  serve  to  direct  and  impel  public  opinion  in  a  channel  which  the  educated 
classes  of  Englishmen  seem  now  disposed  to  enter — insisting*  on  the  value  and  the 
comparatively  backward  condition  of  physical  research,  and  indicating  the  means 
best  fitted  to  place  at  man's  disposal,  systematically  and  promptly,  the  intellectual 
glories  and  tne  material  riches  which  a  bounteous  Providence  has  created  for 


Mathematics. 
A  historical  Note  on  Lagrange's  Theorem,     By  W.  Barrett  Davis. 


On  a  new  Correction  to  be  applied  to  observations  made  with  Hadley's  Sextant. 

By  T.  Dobson. 


RteurrU  of  Experiments  on  Rigidity.     By  Professor  J.  D.  Everett,  D.C.L. 

After  pointing  out  the  relations  which  connect  Young's  modulus  of  elasticity, 
simple  rigidity,  resistance  to  cubic  compression,  and  the  ratio  of  lateral  contrac- 
tion to  longitudinal  extension,  in  isotropic  substances,  which  relations  are  such  that 
if  any  two  of  these  coefficients  are  given  the  other  two  can  be  inferred,  the  author 
proceeded  to  describe  the  method  by  which  he  had  determined  experimentally  the 
values  of  the  two  first-mentioned  coefficients,  and  had  hence  derived  the  values  of 
the  other  two.  The  method  consisted  in  applying  a  given  couple  to  bend  and 
twist  alternately  one  and  the  same  portion  of  a  cylindrical  rod.  The  especial  object 
of  investigation  was  the  coefficient  called  "  Poisson's  ratio,"  that  is  to  say,  the  ratio 
which  the  lateral  contraction  of  a  rod  bears  to  its  longitudinal  extension  when  it  is 
forcibly  lengthened  within  the  limits  of  elasticity,  which  ratio  was  erroneously  sup- 
posed t>y  Poisson  to  have  the  constant  value  J  for  all  substances. 

In  order  to  determine  the  value  of  this  coefficient  for  any  particular  isotropic 
substance,  it  was  only  necessary  to  compare  the  amounts  of  bending  and  twisting 
produced  in  a  given  portion  of  a  cylindrical  rod  by  couples  of  equal  moment. 
Let  T  denote  the  amount  of  twisting,  F  the  amount  of  bending,  and  <r  Poisson's 

T 

ratio,  then  o- = « — 1. 

In  this  way  the  following  values  of  a  had  been  found  for  one  specimen  of  each 
of  the  undermentioned  substances: — flint-glass,  '229;  drawn  brass,  *409;  drawn 
steel,  *310  j  wrought  iron,  *275  j  cast  iron,  -267  j  copper,  *878. 

Examples  of  Ocular  Demonstration  of  Geometrical  Propositions. 
By  Arthttr  Gearing. 

The  object  of  this  communication  was  to  demonstrate  the  possibility  of  any 
given  geometrical  form  or  forms  being  reduced  to  any  other  required  geometrical 
figure  without  loss  of  material,  and  of  equal  area  to  the  given  number  of  contained 
counterparts. 

As  tests  for  instrumental  measurements  and  as  discipline  for  the  hand  of  the 
artist,  the  series  suggested  exact  and  interesting  exercises  in  practical  geometry, 
and  might  be  used  in  the  economy  of  adjusting  materials.  The  examples  (above 
60  in  number)  comprise  the  reduction  of  regular  polygons  of  any  number  or  sides 
to  squares  and  other  figures  with  the  same  identical  number  of  counterparts,  each 
figure  having  some  special  distinction.  The  whole  series  could  be  cut  out  in  paper, 
and  a  given  figure  made  into  another  figure,  thus  constituting  by  ocular  demon- 
stration an  additional  means  of  testing  great  geometrical  truths  as  a  pleasing  ex- 
perimental exercise.  
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On  the  Chances  of  Success  or  Failure  of  Candidates  for  three-cornered  or* 
four-cornered  Constituencies.     By  B.  B.  Hayward,  M.A. 

This  paper  discussed  some  of  the  consequences  involved  in  the  system  of  voting 
now  in  force  for  constituencies  returning  three  or  four  representatives,  by  which 
no  voter  can  vote  for  more  than  two  candidates  in  the  one  case  or  for  more  than 
three  in  the  other. 

Suppose  a  majority  of  M  voters  to  bring  forward  three  candiates  A,  B,  C,  while 
the  minority  of  m  voters  bring  forward  two,  and  that,  of  the  majority  M,  x  vote 
for  B  and  C,  y  for  C  and  A,  and  z  for  A  and  B  j  then,  supposing  that  each  of  the  M 
voters  gives  both  his  votes, 

*+y+*=M (I.) 

The  event  of  the  success  of  A  mav  be  denoted  by  A,  and  the  corresponding  condi- 
tion is  y+z  >•  m  ;  the  event  of  his  failure  by  a,  and  the  condition  is  y+z  -<  m*  So 
also  a  compound  event,  e.  g.  the  success  of  A  and  failure  of  B  and  C,  may  be 
denoted  by  A  be,  and  the  corresponding  conditions  are  y+z>-m,  z+x*cmf 
x+y  <  m. 

The  different  possible  events  are  then  ABC,  a  B  C,  6  C  A,  e  A  B,  A  6  c,  Bco, 
C  a  b,  and  the  question  discussed  was  the  determination  of  the  relative  numbers  of 
the  cases  favourable  to  these  different  events  for  different  relative  values  of  M  and 
m,  or  the  relative  numbers  of  positive  integral  solutions  (including  0)  of  the  above 
equation  subject  to  the  different  conditions  corresponding  to  the  different  events. 
It  was  shown  that  this  discussion  was  much  facilitatea  by  a  simple  geometrical 
representation.  A  number  of  points  uniformly  distributed  over  an  equilateral  tri- 
angle being  taken  to  represent  the  total  number  of  possible  distributions  of  the  M 
votes  or  the  total  number  of  solutions  of  the  equation  (I.),  each  point  corre- 
sponding to  one  solution  determinable  from  its  position  in  the  triangle,  the  numbers 
of  points  within  the  different  areas  into  which  the  triangle  is  divided  by  lines  pro- 
perly drawn  parallel  to  the  sides,  represent  the  cases  favourable  to  the  different 
possible  events.  Thus  the  relative  numbers  of  these  cases  are  rendered  evident 
and  easily  calculated. 

The  figure  annexed  is  drawn  to  represent  the  case  where  m=JM.  If  each  side 
of  the  triangle  be  5,  each  of  the  lengths  AD,  AD',  BE,  BE',  C  F,  CF'  is  3,  and 


the  seven  spaces  correspond  to  the  seven  possible  events  marked  within  them. 
The  relative  numbers  of  cases  favourable  to  the  different  events  will  be  readily 
seen  to  be  1, 1,  1, 1,  7,  7,  7,  if  the  number  of  voters  be  large,  so  that  an  area  may 
be  taken  as  proportional  to  the  number  of  points  within  it. 

If  each  individual  distribution  of  the  votes,  or,  in  other  words,  each  solution  of 
(1),  were  equally  probable,  these  numbers  would  represent  the  relative  probabi- 
lities of  the  different  events;  but  this  is  far  from  being  the  case,  the  weight  of  each 
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eolution  being  in  feet  represented  by  T(x+l) .Vfr+1).  rfr+1)'  wUck 
varies  from  unity  at  the  corners  of  the  triangle  up  to  the  very  large  number 
-. — yrw — ^TTi  a*  i*8  centre.     No  simple  and  easy  method  of  evaluating  precise 

|r(s+1)} 

numerical  results  for  the  probabilities  of  the  different  cases  is  attainable ;  but  it  will 
readily  be  seen  that  conclusions  of  a  general  nature,  not  without  interest  and  im- 
portance, may  notwithstanding  be  obtained  in  any  given  case. 
Analogous  considerations  applied  to  a  four-cornered  constituency  lead  to  a  re- 

Sresentation  of  the  different  cases  by  the  portions  into  which  a  tetrahedron  is 
ivided  by  planes  parallel  to  its  four  races. 


On  the  Division  of  EUiptic  Functions.    By  W.  H.  L.  Russell,  F.R.S. 
This  paper  was  intended  to  illustrate  some  of  the  discoveries  of  Dr.  Weierstrass. 
It  was  shown  that  certain  series  for  sin  am .  i#,  assumed  to  be  convergent  for  cer- 
tain values  of  (u)  when  sufficiently  small,  are  true  when  (u)  has  any  value.    The 
proof  dependea  on  an  application  of  the  proposition  known  as  Abel's  Theorem. 


On  a  construction  for  the  Ninth  Cubic  Point. 
By  Professor  H.  J.  Stephen  Smith,  F.R.S. 


On  Geometrical  Constructions  involving  imaginary  data. 
By  Professor  H.  J.  Stephen  Smith,  F.BJS. 


On  a  property  of  the  Hessian  of  a  Cubic  Surface. 
By  Professor  H.  J.  Stephen  Smith,  F.B.S. 


On  the  Successive  Involutes  to  a  Circle.    By  J.  J.  Sylvester. 

From  the  first  involute  "of  a  circle  we  may  derive  a  family  of  parallel  curves 
forming  the  second  involutes  of  the  circle ;  from  each  of  these  again  families,  the 
totality  of  which  will  form  the  third  involutes,  and  so  on  continually. 

The  author  had  been  led  by  circumstances  to  study  the  arco-radial  or  semi- 
intrinsic  equation  of  these  curves,  and  had  arrived  at  certain  conclusions  concerning 
its  form  which  subsequent  investigations  have  verified:  it  turns  out  that  the  ge- 
neral equation  between  the  arc  s  and  radius  vector  r  of  the  general  involute  of  the 
nth  degree  will  be  found  by  taking  F,  any  rational  integer  function  of  x  of  the  nth 

degree,  and  eliminating  x  between  the  equations  ra=F,+^-=-  \  , 

It  follows,  as  the  author  had  surmised,  that  the  general  arco-radial  equation  for 
the  involute  of  the  nth  order  when  n  exceeds  unity,  is  of  the  degree  (w+1)  in  r* 
and  2n  in  «.  Of  course,  in  the  case  of  n  equal  to  unity,  the  degrees  sink  to  1  in  r3 
and  1  in  s.  The  second  involute  formed  by  unwrapping  from  the  cusp  of  the  first 
may  be  termed  the  natural  second  involute,  but  is  not  the  most  simple  of  the 
family ;  this,  which  is  at  the  normal  distance  of  half  the  radius  externally  from  the 
one  last  named,  is  of  the  third  degree  in  r  and  the  second  in  s.  It  may  be  derived 
from  the  curve  which  a  fixed  point  in  a  wall  at  half  the  length  of  the  radius  of  a 
wheel  from  the  ground  marks  in  the  wheel  as  it  rolls  along  the  face  of  the  wall 
by  doubling  the  vectorial  angles  and  taking  the  square  out  of  the  radii  vectorea. 
from  the  arco-radial  it  is  easy  to  pass  to  the  general  polar  equation  to  the  n-ary 
involute ;  the  equation  between  v,  the  perpendicular  from  the  centre  and  q  the 
polar  subtangent,  is  also  very  easily  obtained,  being,  in  feet,  no  other  than  the  result 
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of  eliminating  between  Fx=p,  Fx=0,  Fx  being  any  quantic  in  x  of  the  nth  degree, 
bo  that  this  equation  will  be  of  the  (n—  l)th  order  in  q,  and  the  wth  order  in;?. 

In  the  Philosophical  Magazine  for  October  and  December,  and  in  the  Proceed- 
ings of  the  Mathematical  Society  of  London,  will  be  found  further  developments  of 
the  theory  of  these  circular  involutes,  which  it  is  proposed  to  term  Cyclodes. 


On  the  application  of  Quaternions  to  the  rotation  of  a  Solid* 
By  Professor  P.  G.  Tait. 


Astronomy. 

On  the  extent  of  evidence  which  we  possess  elucidatory  of  "  change  "  on  the 
Moon's  Surface.    By  W.  K.  Bibt,  F.B.AJS. 

The  questions  of  change  on,  or  fixity  of  the  moon's  surface  must  be  decided,  as 
Webb  (Celestial  Objects  for  Common  Telescopes,  second  edition,  p.  68)  remarks,  by 
observation  and  not  assertion.  It  is  therefore  important  to  gather  up  the  fragments 
of  our  knowledge  bearing  on  the  evidence  which  we  possess  on  these  questions ; 
and  we  may  remark,  in  the  first  place,  that  our  real  knowledge  of  the  fixity  of  the 
moon's  surface  does  not  at  present  depend  upon  u  evidence,  using  this  term  to 
designate  the  results  of  observation  and  not  the  deductions  of  theory ;  nor  can  we 
possess  any  adequate  evidence  of  this  kind,  as  is  manifest  from  the  very  circum- 
stance that  up  to  the  present  moment  our  records  of  the  physical  aspect  of  the 
moon's  surface  are  not  only  exceedingly  scanty — in  comparison  with  the  countless 
thousands  of  objects  of  every  variety  of  description  which  are  revealed  to  us  by 
even  small  instruments,  let  alone  the  increasing  visibility  of  smaller  objects  due  to 
larger  apertures — but  it  is  now  becoming  acknowledged  that  such  records  and  the 
delineations  accompanying  them  are  not  sufficiently  precise  and  exact  to  enable  us 
to  refer  to  them  as  reliable  witnesses  in  establishing  "fixity  j"  indeed  it  is  difficult 
to  conceive  how  the  unalterable  state  of  the  moon's  surface  can  be  determined  by 
"  observation."  If,  as  has  been  asserted,  all  changes  on  the  moon's  surface  have 
ceased  myriads  of  ages  ago.  we  are  certainly  destitute  of  the  records  of  "  observa- 
tion "  of  the  real  state  of  that  surface  at  so  remote  a  period.  In  fact  our  absolute 
knowledge  of"  fixity  "  can  only  date  from  the  construction  of  the  first  lunar  map, 
since  which  there  are  no  traces  of  any  grand  convulsion.  The  establishment  of 
"  fixity  "  can  only  have  reference  to  those  objects  which  have  been  more  particu- 
larly observed  during  the  intervening  period ;  and,  as  shown  by  Webb  (Intellectual 
Observer,  vol.  xii.  pp.  435,  436),  it  really  established  by  a  long  course  of  ob- 
servation at  any  one  point,  it  would  be  no  argument  for  its  universal  prevalence, 
since  a  state  of  quiescence  might  be  attained  at  very  different  epochs  m  different 
regions. 

Such  being  the  case  as  regards  "  fixity/ '  let  us  now  inquire  as  to  what  evidence  we 
possess  on  the  subject  of  "  change."  The  earliest  attempts  to  perpetuate  a  know- 
ledge of  the  moon's  surface  consisted  in  delineating  the  disk  in  the  form  of  maps, 
accompanied  in  two  instances  with  "catalogues  "  of  the  most  striking  and  promi- 
nent objects ;  but,  as  might  be  expected,  such  maps  are  greatly  destitute  of  "  de- 
tail," especially  of  such  a  character  as  is  necessary  to  pronounce  on  "  change." 
Towards  the  close  of  the  last  century  Schroter,  seeing  the  importance  of  perpetuat- 
ing a  knowledge  of  detail,  bequeathed  to  us  the  result  of  his  labours  in  this  direction 
in  the  form  of  his  *  Selenotopographische  Fragmente,'  taking  up  portions  of  the 
moon  rather  than  attempting  a  delineation  of  the  whole  in  detaiL  His  successors, 
Lohrmann,  Beer  and  Madler,  and  Schmidt,  have  followed  in  his  steps,  and  pro- 
duced works  abounding  much  more  in  detail  than  any  of  the  predecessors  of 
Schroter;  Lohrmann's  sections  and  map,  with  the  two  maps  of  Madler,  are  well 
known.  The  larger  portion  of  Lohrmann's  Sections,  as  well  as  the  results  ot 
{Schmidt's  labours,  are  still  unpublished.    Webb's  index  map  of  the  moon  in  his 
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'Celestial  Objects',  with  two  catalogues  of  the  principal  craters,  &c,  together  form 
an  excellent  guide  to  observers  who  are  commencing  the  study  of  "  detail." 

It  is  by  means  of  the  study  of  "  detail "  that  a  definitive  answer  must  be  given 
to  either  of  the  questions  mentioned  at  the  commencement  of  this  paper.  The 
details  of  the  moon's  surface  are  very  various ;  mountain-chains,  towering  peaks, 
isolated  hills,  deep  valleys,  extensive  plains  scored  with  comparatively  low  ridges, 
crater-openings,  in  some  localities  crowded  together  by  thousands,  in  others  oc- 
curring singly,  and  situated  far  apart  from  each  other,  rings  (apparently  the  highest 
S  arts  of  crater  walls)  the  interiors  of  which  convey  the  idea  of  having  been  partially 
lied  with  an  injected  material,  minute  craters  are  not  unfrequent  on  their  sur- 
faces ;  bright  spots,  often  of  a  dazzling  whiteness,  marking  the  tops  of  mountains 
and  the  crests  of  mountain-chains,  as  well  as  others  of  less  brilliancy  and  greater 
indistinctness  of  outline  ;  dark  spots  surrounded  in  some  cases  by  bright  rims ;  in 
others  the  difference  between  the  dark  spots  and  the  comparatively  lighter  surface 
is  rendered  distinctly  visible  by  a  sharp  outline  inclosing  the  dark  surface.  All 
these  varieties  must  be  carefully  studied  before  a  conclusion  can  be  drawn  as  to  the 
unalterable  stabilitv  or  mutation  of  such  objects. 

The  means  whicn  we  possess  for  the  study  of  lunar  objects  may  be  considered  as 
twofold, — the  examination  of  delineations  and  topographical  notices  on  the  one 
hand,  and  personal  observation  of  the  objects  themselves  on  the  other,  of  course 
including  a  comparison  of  one  with  the  other.  For  example,  we  may  find  on  the 
moon  a  spot  darker  than  any  object  in  the  immediate  locality  surrounded  by  a  rim 
brighter  than  the  exterior  surface,  and  we  record  its  appearance.  It  is  now  desirable 
to  place  in  juxtaposition  all  the  records  we  possess  of  it  as  under. 

Beer  and  Madler,  in  '  Der  Mond,'  p.  304,  thus  describe  two  craters  on  the 
Mare  Nubium.  I  am  indebted  to  W.  T.  Lynn,  Esq.,  of  the  Royal  Observatory, 
Greenwich,  for  the  translation. 

"  The  boundary  of  the  Mare  Nubium  does  not  run  alongside  of  Alpetragius,  but 
passes  by  it  under  several  deep  curvatures  from  three  to  five  miles  [German]  to  the 
eastward.  ,  In  the  Mare  itself  is  situated  the  bright  radiating  crater  B  (9°  light) 
at  —14°  55'  lat  and  —7°  27'  lonjr.,  and  near  this  the  far  larger  and  deeper  one  a, 
which,  however,  is  found  with  difficulty  at  the  full  moon.  It  is  about  4J  ,  and  the 
interior  3°  bright  (Insula  Lesbos  HV" 

As  it  is  important  that  nothing  snould  be  quoted  from  memory  unless  quite  un- 
avoidable, the  following  are  extracts  from  my  note-book.  » 

1868.  June  29,  8.40.     Crossley  Equatorial,  7*8  inches  aperture,  power  122. 

u  B.  &  M.'s  a  and  B  are  both  quite  conspicuous ;  a  is  a  shallow  crater  or  ring 
with  a  smooth  floor;  interior  west  shadow  very  narrow  between  0*1  and  0*2,  the 
diameter  of  a  being  1*0.    B  is  a  deep  and  bright  crater,  shadow  gibbous  =0*5." 

1868.  July  29,  10.30,  Royal  Astronomical  Society's  Sheepshanks  telescope 
No.  5,  aperture  2*/5  inches,  power  100. 

"  The  interior  of  a  very  dark,  the  darkest  surface  in  the  locality,  probably  *2°.w 

1868.  July  31, 10.15,  R.  A.  S.  Sheepshanks  No.  5,  power  109. 

"  The  floor  of  a  is  darker  than  any  surrounding  part;  all  three  authorities,  Lohr- 
mann,  Madler,  and  Schmidt,  make  it  lighter  than  the  surface  of  the  Mare," 

The  following  brightnesses  were  determined : — 

July  31,  10.15  to  10.50.    August  1, 11.45. 

Alpetragius  d=0-8  08 

„  B=0-8  0-8 

Mare  Nubium  =0-2  0-2 

Alpetragius  a=0175  015 

Billy  =0-05  010 

Border  Alpetragius  a=  0*4 

Written  from  memory,  Aug.  2  7*.  "On  the  evening  of  the  1st,  the  line  of  de- 
marcation between  the  surface  of  the  Mare  Nubium  and  the  adjacent  lighter  parts 
was  very  distinct* ' 

With  such  facts  before  us  can  we  decide  for  a  change  P"    In  replying  to  this 

Question  one  disadvantage  immediately  suggests  itself     We  are  uncertain  as  to 
He  number  of  observations  on  which  the  earlier  records  rest ;  but  while  in  doubt- 
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m  this  point;  we  Have  it  in  our  power  not  only  to  increase  our  own  observations,  but 
dso  to  solicit  the  aid  of  others,  that  in  the  re-observation  of  an  object  the  want  of 
onfirmatory  evidence  may  not  exist  to  occasion  a  doubt  as  to  the  certainty  of 
rhat  is  recorded.  Webb  says  very  truly  (Celestial  Objects,  second  edition,  p.  68), 
ve  are  scarcelv  as  yet  possessed  of  the  means  of  detecting  small  changes.  The 
vidence  capable  of  being  brought  to  bear  on  the  question  of  change  is  consequently 
ery  limited  in  extent,  especially  as  former  records  are  more  or  less  open  to  be  regarded 
s  inexact  drawings  or  inaccurate  statements  when  they  happen  to  differ  from  pre* 
ent  observed  appearances,  still  as  instances  such  as  are  given  above  increase,  and  they 
re  upon  the  increase,  it  will  become  more  and  more  difficult  to  put  aside  the 
arlier  records.  It  therefore  remains  rather,  as  recommended  by  M.  de  Beaumont, 
3  increase  our  observations  and  compare  them  with  the  earlier  records  than  to  rest 
atisfied  with  the  notion  that,  as  no  change  has  been  satisfactorily  ascertained,  it  is 
nlikely  upon  certain  theoretical  considerations  that  we  may  meet  with  any. 


The  Meteor  Shower  of  August  1868.     By  George  Forbes. 

The  author  merely  stated  the  results  of  some  observations  made  on  this  shower 
n  the  nights  of  the  10th-llth  and  llth-12th  of  August  last  The  peculiarities  of 
lis  shower  were  for  the  most  part  the  same  as  last  year.  The  hourly  average 
umber  on  the  first  night  was  21  on  a  clear  night  seen  by  one  person,  while  last 
ear  the  number  was  25  on  a  hazy  night  by  the  same  person.  The  radiant-point 
as  approximately  R.A.  2h  16m  N.P.D  31°.  Last  year  it  was  nearly  the  same. 
wo  meteors  traced  curves,  one  of  them  of  a  very  remarkable  form.  When  a 
istinct  train  was  left  the  meteor  was  generally  noticed  to  pass  beyond  the  end  of 
le  train  and  to  become  suddenly  extinguished  without  previous  diminution  of  bril- 
ancy.  No  trace  of  the  radiant  discovered  last  year  in  Pisces  was  noticed.  The 
rerage  size  of  meteors  was  that  of  a  4th  magnitude  star. 


Acoustics. 

n  a  Simple  Method  of  exhibiting  the  Combination  of  Rectangular  Vibrations*. 

By  W.  Fletcher  Barrett. 
Physicists  are  well  acquainted  with  the  elegant  experiments  of  M.  Lissajous,  in 
hich  the  vibrations  of  two  tuning-forks,  placed  at  rectangles,  are  optically  com- 
ned  by  viewing  a  ray  of  light  successively  reflected  from  a  mirror  attached  to 
ich  fork.  A  regular  series  of  curves  is  thus  obtained  which  gives  a  perfect 
)tical  expression  of  each  of  the  musical  intervals,  the  curves  augmenting  in  com- 
exity  as  the  dissonance  between  the  forks  increases. 

Instructive  and  beautiful  as  are  these  experiments,  the  extreme  costliness  of  the 
>paratus  necessary  for  their  proper  exhibition  has  hiherto  debarred  many  from 
peating  them. 

Upwards  of  two  years  ago  the  author  found  a  method  of  obtaining  any  desired 
>mbi  nation  by  an  extremely  simple  arrangement.  A  piece  of  straightened  steel 
ire,  about  No.  16  gauge  and  some  12  or  18  inches  long,  is  first  well  softened  in  a 
ime  at  a  point  6  or  8  inches  from  the  end,  which  length  is  then  bent  downwards, 
be  extremity  of  the  longer  portion  is  fixed  in  a  vice,  a  silvered  bead  is  cemented 
r  marine  glue  on  to  the  summit  of  the  bend,  and  the  instrument  is  complete, 
le  whole  system  is  thrown  into  vibration  by  smartly  tapping  the  wire  near  the 
>int  held  in  the  vice,  and  in  a  direction  oblique  to  the  plane  of  the  two  wires.  The 
bration  travels  up  the  wire,  rounds  the  bend,  and  throws  the  inclined  arm  into 
otion.  The  latter,  being  free,  vibrates  more  easily  than  the  portion  which  is 
:ed  at  one  extremity ;  a  compound  motion  is  thus  the  result,  and  the  spot  of 
^ht,  reflected  from  the  bead,  describes  a  curve  expressing  the  resultant  action. 
The  ratio  between  the  vibrations  of  the  two  parts  of  the  wire  can  evidentlybe 
justed,  or  altered,  by  raising  or  lowering  the  point  clamped  in  the  vice.  The 
me  end  may  also  be  obtained  by  loading  the  free  portion  of  the  wire  by  a  little 

■*  Published  in  extcnso  in  the  Philosophical  Magazine  for  September  1868. 
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sliding  weight  But  an  alteration  in  the  angle  of  the  bent  wire  yields  a  more 
satisfactory  result.  When  the  wires  are  parallel  and  even  in  length,  a  combination 
of  1  to  1  is  obtained,  and  the  bead  describes  a  circle  P&rang  mto  **  oblique  line  ; 
but  on  opening  the  free  limb  to  an  angle  of  about  30^  the  figure  changes  into 
the  complex  curve  given  by  the  ratio  of  4  to  5.  Opening  the  angle  still  further, 
the  curve  expressing  the  ratio  of  3  to  4  is  obtained ;  then  at  45°  2  to  3 ;  and  at 
an  angle  of  75°  the  figure  of  eight  comes  out,  expressing  the  ratio  of  1  to  2. 
In  fact,  by  varying  the  angle  an  entire  series  pf  combinations,  more  or  less  perfect, 
can  be  produced  at  will. 

Figure  1  shows  the  instrument.  The  wire  is  capable  of  being  firmly  fixed  at 
any  height  in  a  support  which  is  attached  to  a  heavy  stand,  more  convenient  in 
use  than  a  vice.  ... 

Not  only  may  this  arrangment  be  used  for  exhibiting  the  combination  of  vibra- 
tions, but  it  also  shows  very  prettily  the  formation  of  nodes  and  ventral  segments. 

On  the  free  arm  an  instructive  change  is  seen  to  take  place  in  the  position 
of  a  node  which  is  there  formed.  When  the  arms  are  equal  and  parallel,  and  a 
ratio  of  1  to  1  obtained,  the  node  is  near  the  free  extremity  of  the  pent  wire ;  as 


Fig.l. 


Fig.  2. 


the  wire  is  raised  and  the  angle  increases,  the  node  rises  nearer  to  the  bend.  It  is 
also  worth  observing  that,  in  any  combination,  the  distance  of  the  node  from  the 
free  extremity  of  the  wire,  compared  with  its  distance  from  the  bend,  is  approxi- 
mately the  same  as  the  ratio  of  tne  interval  depicted  by  the  figure. 

Another  arrangement  for  effecting  the  combination  of  rectanglar  vibrations 
(shown  in  figure  2)  has  been  adapted  by  Mr.  Ladd  from  an  instrument  devised  by 
Professor  Helmholtz. 

Two  flat  pieces  of  steel  are  here  welded  at  right  angles  to  each  other  into  a 
single  rod.  The  upper  part  (a,  fig.  2)  is  tapering,  and  on  its  summit  is  fixed  a 
polished  silver  bead.  The  lower  part  (6)  is  capable  of  being  firmly  fixed  in  a  sui- 
table support  According  to  the  height  at  which  b  is  clamped,  so  a  corresponding 
portion  is  allowed  to  enter  into  vibration.  A  combination  of  the  vibration  of  a 
with  that  of  b  can  thus  be  obtained  in  any  given  ratio.  Complete  command  of  any 
figure  can  be  had  by  marking  its  position  on  the  lower  strip  of  steel ;  and  so  nice 
an  adjustment  is  possible,  that  an  almost  absolutely  steady  figure  can  be  secured 
with  a  little  care. 

The  author  proposes  to  call  the  instrument  described  in  this  paper  a  Toncphant. 


Heat. 

On  Sources  of  Error  in  determinations  of  the  Absorption  of  Heat  by  Liquids. 
By  W.  Fletcheb  Bakebtt*. 

During  the  autumn  of  1865  the  author  had  observed  that  under  certain  condi- 

*  Published  in  exttneo  in  the  Philosophical  Magazine  for  September  1868. 


Digitized  by 


Google 


TRANSACTIONS  OF  THE  SECTIONS.  15 

ions  the  more  diathermic  liquids  exhibited  a  remarkable  and  anomalous  deport- 
uent  towards  radiant  beat  This  observation  led  him  to  make  a  subsequent  investi- 
gation, the  results  of  which  are  summed  up  as  follows : — 

When  the  more  diathermic  liquids  are  introduced  between  two  parallel  plates  of 
ock-salt  separated  by  a  very  small  interval,  the  rays  from  an  artificial  source  are 
ound  to  he  more  freely  transmitted  than  when  air  intervenes  between  the  plates. 
'"or  a  space  of  OS  inch  wide  the  increased  transmission  amounts  with  bichloride 
f  carbon  to  about  12  per  cent,  with  bisulphide  of  carbon  to  9  per  cent,  and  with 
hloroform  to  4*5  per  cent.  This  effect  disappears  and  less  heat  is  transmitted  (1) 
rhen  the  transcalency  of  the  liquid  diminishes ;  e.  g.  the  same  thickness  of  sul- 
fa uric  ether  intercepts  30  per  cent  of  the  heat  previously  passing  through  the 
mpty  cell ;  (2)  when  the  distance  between  the  plates  is  increased  beyond,  say, 
^  of  an  inch  in  the  case  of  bisulphide,  and  -^  of  an  inch  in  the  case  of  bichloride 
f  carbon.  The  increased  transmission  by  these  liquids  reappears,  however,  in 
licker  layers  when  plane  parallel  glass  plates  are  substituted  for  rock-salt,  and 
ratinues,  apparently  indeed  augmenting,  as  the  depth  of  the  cell  increases,  so 
j*  as  the  experiments  were  carried.  Bisulphide  of  carbon,  poured  into  a  cell  with 
ass  sides  1*2  inch  apart  increases  the  heat  falling  on  the  pile  6  per  cent,  and 
chloride  of  carbon  a  still  larger  amount  Altering  the  temperature  or  nature  of 
ie  source,  the  size  of  the  aperture  in  a  screen  behind  the  cell,  or  the  position  of 
e  cell,  makes  no  material  cnange  in  these  results.    But  altering  the  character, 

augmenting  the  thickness,  of  the  walls  of  the  cell  has  considerable  influence. 
)r  example,  if  the  cell- walls  be  of  glass,  increasing  their  thickness  from  one-  to 
ree-tenths  of  an  inch  raises  the  heat  falling  on  the  thermoscope  6  per  cent  when 
ual  depths  of  the  selfsame  liquid  are  poured  into  the  cell.  Again,  by  merely 
anging  the  parallel  sides  of  the  same  cell  from  rock-salt  to  precisely  similar  plates 

glass,  the  very  same  liquid  can  be  shown  to  intercept  a  certain  quantity  of  the 
at  falling  on  the  thermo-pile  in  the  one  case,  and  to  augment  that  quantity  in 
q  other — the  difference  amounting  to  upwards  of  10  per  cent  of  the  total  radiation 
rough  the  empty  cefl. 

The  explanation  of  the  foregoing  facts  may  be  traced  to  two  main  causes.  The 
creased  transmission  noticed  with  films  of  the  more  diathermic  liquids  chiefly 
sea  from  the  reduction  or  abolition  of  the  reflection  taking  place  from  the  interior 
-faces  of  the  walls  of  the  cell,  owing'  to  the  optical  density  of  the  liquid  intro- 
ced  being  nearer  to  the  cell-walls'  than  that  of  the  medium  it  replaces.  But  in 
tss  cells  of  considerable  depth,  retaining  the  former  explanation,  the  augmented 
it  there  observed  is  probably  mainly  due  to  an  effect  of  the  refraction  of  diver- 
it  rays  by  plane  surfaces ;  this  gives  rise  to  a  concentration  of  the  beam,  which 
:ome  sensible  when  accompanied  by  a  great  transcalency  of  the  liquid  in  the 
1.  In  similar  cells  with  rock-salt  ends  the  effect  is  not  observed,  probably  on 
ount  of  such  cells  sifting  the  beam  far  less  than  glass,  and  thus  permitting  a 
her  absorption  of  the  liquid.  Nevertheless  even  with  rock-salt  cells  the  causes 
ided  to  must  necessarily  render,  to  a  certain  extent,  incorrect  the  precise  aheorp- 
i  hitherto  attributed  to  liquids.  These  sources  of  error  in  determining  the  true 
orption  of  a  liquid  or  solid  can,  however,  be  avoided  by  employing  truly  parallel 
s :  and  these  are  best  obtained  from  the  sun. 


n  the  Thermal  Resistance  of  Liquids.     By  Frederick  Gtjthbtb,  F.B.S.E. 

f  we  wish  to  get  an  insight  into  the  specific  resistances  of  the  elements  and  into 
law  connecting  thermal  resistance  and  chemical  constitution,  we  must  examine 
lids  rather  than  solids,  because  while  the  former  are  essentially  homogeneous, 
latter  are  never  without  structure,  and  seldom  even  without  texture. 
'o  examine  the  conductivity  of  a  liquid,  it  must  be  either  heated  from  above  or 
led  from  below,  in  order  that  convection  may  be  avoided.  If  the  liauid  be 
tained  in  a  vessel,  the  difference  between  the  conductivities  of  the  liquid  itself 
of  the  containing  vessel  will  also  introduce  convection.  In  spite  of  the 
)urs  of  many  able  physicists,  these  difficulties  have  hindered  the  prosecution  of 
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this  direction  of  research.    The  chief  numerical  results  are  those  obtained  by 
Despretz  in  his  well-known  examination  of  the  conductivity  of  water. 

In  order  to  homologate  the  thermal  and  electrical  phenomena,  the  term  thermal 
resistance  is  used  in  preference  to  conducting-power  or  conductivity.  The  zero  of 
thermal  resistance  is  supposed  to  exist  when  two  bodies  of  unequal  temperature 
are  in  actual  contact.  If  a  substance  is  interposed  between  the  hotter  ana  colder 
bodies  in  such  a  manner  that  the  heat  can  only  pass  between  them  by  means  of 
conduction  through  the  interposed  substance,  then  the  difference  between  the 
quantity  of  heat  which  passes  when  the  bodies  are  in  contact  and  the  quantity 
which  passes  when  the  third  substance  is  interposed,  is  equal  to  the  quantity  of 
heat  intercepted  by  that  substance,  and  is  a  measure  of  its  resistance. 

The  instrument  used  for  this  purpose  is  the  "  Diathermometer ; "  its  construction 
is  as  follows : — Two  conical  brass  vessels  having  thin  polished  platinum  bases  are 
fastened  in  a  stand  in  such  a  manner  that  their  axes  are  in  the  same  vertical 
straight  line ;  their  bases  are  opposed  to  one  another  and  are  parallel.  The  apices 
of  both  cones  are  made  tubular.  The  lower  cone  is  screwed  into  the  stand,  its 
neck  is  fitted  with  a  cork  and  tube,  which  dips  into  water,  and  which  carries  a 
scale.  The  lower  cone  and  tube  form  an  air-thermometer.  The  upper  cone  is 
moveable  vertically,  its  motion  being  commanded  by  a  micrometer-screw,  which 
is  so  divided  as  to  allow  of  the  adjustment  of  the  cone  to  the  0*005  of  a  millimetre 
in  vertical  direction.  The  parallel  bases  of  the  two  cones  are  adjusted  horizontally 
by  a  spirit-level  and  levelling  screws  in  the  stand.  The  upper  cone  carries  a  cork, 
tnrough  which  pass  two  tubes,  one  reaching  to  0*5  millimetre  of  the  bottom  of  the 
cone,  the  other  opening  just  below  the  cork.  A.  current  of  water  may  thus  be 
made  to  flow  through  the  upper  cone.  A  large  vessel  of  water  is  maintained  at 
any  required  constant  temperature  by  means  of  a  thermostat.  Screens  intervene 
between  this  vessel  and  the  diathermometer.  By  means  of  a  siphon  and  flexible 
tubes,  a  current  of  warm  water  of  known  temperature  is  allowed  to  pass  through 
the  upper  cone,  commencing  at  any  given  moment. 

The  zero  or  minimum  resistance  is  found  by  wetting  the  bases  of  the  cones 
with  a  little  mercury  and  bringing  them  into  contact  (the  air-film  is  thus  excluded), 
and  passing  water  of  a  known  temperature  for  a  given  time  through  the  upper 
cone.  If  tne  calibre  of  the  tube  of  the  lower  cone  is  known,  we  can,  l>y  observing 
the  linear  depression  of  the  column  of  water  in  it,  calculate  the  number  of  heat- 
units  which  enter  the  air  of  the  lower  cone  by  taking  into  account  its  capacity,  the 
specific  heat  of  moist  air,  and  the  pressure  to  which  the  latter  is  subjected. 

If,  now,  the  cones  be  separated  to  a  known  distance  and  a  liquid  be  introduced 
between  them,  it  is  supported  in  its  position  by  adhesion  and  cohesion.  When 
water  is  passed  through  tne  upper  cone  under  the  same  conditions  as  in  the  experi- 
ment when  the  cones  were  in  contact,  a  less  number  of  units  of  heat  enter  the  air 
of  the  lower  cone  (as  is  shown  by  the  smaller  amount  of  depression  in  the  thermo- 
meter-tube). This  diminution  in  the  number  of  heat-units  is  called  the  resistance 
of  the  liquid  under  the  special  conditions.  As  the  area  of  the  base  of  the  cones  is 
known,  we  can  calculate  the  resistance  of  a  rectangular  prism  of  known  base  and 
height  of  a  liquid  for  a  given  time  at  a  given  temperature,  and  for  a  given  tempe- 
rature-difference at  its  two  extremities. 

The  loss  of  heat  suffered  by  the  water  inpassing  from  the  reservoir  was  esti- 
mated at  all  temperatures  and  allowed  for.  The  absolute  errors  due  to  the  absorb- 
tion  and  radiation  of  heat  by  the  brass  of  the  lower  cone  and  to  the  accumulation 
of  heated  air  in  its  upper  portion,  affect  equally  the  determination  of  the  minimum 
resistance  and  that  of  the  interposed  liquid ;  consequently  they  do  not  affect  the 
result,  which  is  their  difference. 

It  was  shown  by  measuring  the  time  required  to  produce  any  effect  on  the  lower 
cone,  as  also  by  interposing  paper  disks  in  the  liquid  between  the  cones,  that  the 
diathermancy  of  the  liquids  at  the  temperature-differences  employed  was  either 
nothing  or  so  small  as  to  be  negligible. 

Special  experiments  made  by  colouring  the  base  of  the  upper  cone  showed  that 
there  was  no  convection. 

The  resistance  (measured  by  the  number  of  heat-units  arrested  in  a  ffiven  time} 
of  a  cubic  millimetre  of  about  twenty  chemically  pure  liquids  was  determined 
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under  the  conditions — temperature  of  liquid =20^17  C,  temperature-difference 

Specific  resistance. 

for  water    1*0 

„  glycerine 3-8 

„  alcohol 9*08 

„  amylic  alcohol 10*2 

„  iodide  of  amyl 13-27 

The  column  of  specific  resistance  is  obtained  by  dividing  the  resistances  of  the 
other  liquids  by  that  of  water.  Of  all  liquids,  with  the  exception  of  mercury,  water 
has  the  least  resistance.  Of  bodies  belonging  to  the  same  series,  those  have  the 
greatest  specific  resistance  which  have  the  greatest  molecular  complexity. 

Experiments  were  made  to  determine  the  rate  at  which  heat  of  different  tempe- 
ratures travelled  through  water.  Through  3  millimetres  of  water  the  first  effect  of 
the  heat  was  manifested 

in  11  when  the  temperature-difference  was  5*8 
9  „  „  „  L5-8 

7-6  „  „  „  25-8 

It  appeared  from  numerous  experiments  made  in  this  direction  that  for  the  above 
thickness  of  water  the  time  for  the  production  of  the  first  effect  is  diminished 
about  1"  for  every  increase  of  5°  C.  in  tne  temperature-difference. 

With  regard  to  the  time  required  for  the  heat  to  penetrate  different  thicknesses 
of  water,  it  was  found  that  the  time  increases  more  rapidly  than  the  thickness. 
Thus  for  a  temperature-difference  of  10°  C. 

millim.  „ 

For  thickness  1  the  time  required  was    3-4 
19  u  3  „  „  10*4 

The  quantities  of  heat  passing  through  various  thicknesses  of  water  in  a  given 
time  were  also  determined ;  and  it  was  found  that  the  resistance  was  not  by  any 
means  proportional  to  the  thickness.    Thus  if  the  resistance  through 

millimB. 
2*5  be  represented  by  the  number  63*07, 
then  4-5  is  „  „  „        86*24, 

and  6*5  „  „  „  „      102*33. 

On  examining  aqueous  saline  solutions,  it  was  found  that  their  resistances  were 
always  greater  than  that  of  water,  even  when  the  metal  in  solution  was  a  good 
conductor,  and  when  the  solutions  were  saturated.  From  the  experiments  made 
in  this  direction,  it  is  concluded  that  the  solution  of  a  salt  in  water  affects  the  re- 
sistance of  the  latter  only  either  by  displacing  some  of  it  and  altering  its  specific 
beat. 


Light. 
Certain  facts  bearing  on  the  Theory  of  Double  Refraction.     By  A.  R.  Catton. 


On  Actinometry.    By  Louis  Bnro. 

The  writer  describes  a  series  of  experiments  which  he  made  for  the  purpose  of 
ascertaining  the  actinic  power  of  light.  He  shows  that  the  transmission  of  acti- 
nism through  a  transparent  medium  varies  with  different  intensities  of  light  in  such 
a  manner  that  instruments  constructed  for  actinometric  purposes  by  means  of  a 
transparent  medium  are  practically  almost  useless.  He  describee  an  actinometer 
which  he  constructed,  and  which  consists  of  a  single  rectangular  tube,  at  one  end 
of  which  light  for  measurement  is  admitted,  and  to  one  side  of  which  sensitive 
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paper  is  applied.    He  says,  "  The  principles  upon  which  this  instrument  is  founded 

am 


(1)  "  That  diffused  light,  on  entering  a  tube  at  one  end  only,  varies  in  intensity 
within  the  tube  inversely  as  the  squares  of  the  distances  from  the  aperture  where 
light  enters. 

(2)  u  That  any  number  of  tubes,  whatever  their  magnitudes,  contain  the  same 
intensity  of  light  if  the  ratios  of  their  diameters  to  their  lengths  are  equal,  and  if 
we  absorb  the  light  tbat  may  be  reflected  from  their  sides." 

He  then  describes  experiments  which  he  made  by  means  of  tubes  of  equal 
diameter,  and  of  lengths  varying  by  a  semidiameter  and  also  with  tubes  of  va- 
rious magnitudes,  the  ratios  of  their  diameters  to  their  lengths  being  equal  By 
inserting  small  mica-actinometers  at  the  bases  of  those  tubes,  and  exposing  them 
thus  situated  simultaneously  to  the  action  of  light,  the  writer  gains  results  which 
demonstrate  the  above  principles. 

Observations  on  the  Atmospheric  Lines  of  the  Solar  Spectrum  in  High  Latitudes. 
By  George  Gladstone,  F.CJ3.,  KB.OJS. 
This  paper  was  explanatory  of  some  diagrams  which  the  author  had  prepared 
of  the  atmospheric  lines  in  the  solar  spectrum,  from  observations  taken  by  him 
during  a  recent  voyage  along  the  north-west  coast  of  Norway.  The  author  stated 
that  what  are  knownby  observers  of  the  solar  spectrum  as  the  "  atmospheric  lines  " 
are  certain  dark  lines  or  bands,  which  make  their  appearance  under  certain  condi- 
tions, and  sometimes  even  attain  a  considerable  development.  These  lines,  or 
bands,  appear  to  be  due  to  the  presence  of  some  substances  in  the  earth's  atmo- 
sphere, as  they  are  always  most  prominent  when  observing  the  sun  through  a  long 
reach  of  air  (as  at  sunrise  or  sunset),  while  they  are  scarcely  visible  when  the  sun 
is  high  above  the  horizon.  The  observations,  of  which  drawings  were  exhibited, 
were  taken  in  the  months  of  June  and  July  last,  from  the  deck  of  the  vessel  when 
off  the  coast  near  Stavanger,  and  at  the  entrances  to  the  Trondhiem  and  Namsen 
fjords ;  the  latter  being  m  64°  30'  north  latitude,  in  which  parallel  the  sun  skirts 
the  horizon  for  a  long  time,  thus  affording  very  favourable  opportunities  for  ob- 
servation. It  appears  that  in  those  regions  the  red  end  of  the  spectrum  is  very 
brilliant,  so  that  with  the  small  portable  spectroscope  he  distinctly  recognized,  on 
two  occasions,  the  remarkable  line  A.  The  observations  went  to  show  that  the 
atmospheric  band  grows  in  width  and  intensity  as  the  sun  approaches  the  hori- 
zon, and  that  what  in  certain  states  of  light,  or  of  the  atmosphere,  appear  to  be 
bands  of  shade  are  under  other  circumstances  broken  up  into  lines.  Under  some 
conditions  the  red  rays  suffer  very  little  diminution  of  light  up  to  a  certain  point, 
when  they  are  suddenly  cut  off;  while  under  others  the  obscuration  takes  place 
more  gradually,  and  the  visible  spectrum  is  much  longer.  The  length  of  the 
spectrum,  however,  in  no  case  affects  the  width  between  the  respective  lines,  which 
remains  always  the  same,  but  is  entirely  due  to  more  or  less  of  the  extremities 
being  altogether  lost  in  darkness. 

On  the  Value  of  the  Hollow  Wedge  in  examining  Absorption  Spectra. 
By  Dr.  J.  H.  Gladstone,  F.B.S. 

The  usual  way  of  examining  absorption  of  light  by  a  coloured  liquid  is  to  place 
it  in  a  test-tube  behind  a  narrow  slit,  and  to  disperse  the  line  of  light  by  means  of 
a  prism.  The  black  or  shaded  bands  due  to  tne  absorption  may  thus  be  easily 
noted ;  but  of  course  they  represent  only  one  particular  thickness  of  the  liquid. 
Now  the  number  of  these  bands  often  vanes,  ana  the  extent  of  them  always  varies 
with  the  depth  of  the  liquid  traversed  by  the  light,  or,  if  it  be  a  solution,  with  the 
quantity  of  colouring-matter  dissolved.  A  great  advantage  is  obtained  by  substi- 
tuting a  hollow  glass  wedge  for  the  test-tube,  and  so  arranging  it  before  or  behind 
the  slit  that  the  narrow  line  of  light  examined  shall  have  traversed  all  thicknesses 
from,  perhaps,  two  centimetres  to  nothing.  Thus  the  varying  absorption  at  dif- 
ferent depths  is  seen  all  at  once,  and  can  be  easily  represented  in  a  diagram  which 
becomes  characteristic  of  the  particular  substance.    The  value  of  this  mode  ot 
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examining  absorption  spectra  was  illustrated  by  an  extreme  case— permanganate 
of  potassium ;  ordinary  drawings  of  the  bands  were  made  for  four  different  thick- 
nesses, and  the  same  were  expressed  in  Mr.  Sorby's  ingenious  notation  of  numerals 
and  dashes  and  dots,  which  four  figures  bore  little  or  no  apparent  relation  to  one 
another,  but  they  were  explained  by,  and  included  in,  the  figure  obtained  when  the 
hollow  wedge  was  employed.  Figures  were  also  exhibited  showing  the  absorption 
of  light  by  cruorine,  naematine,  and  cineal  in  alum,  which  illustrated  in  various 
ways  the  importance  of  observing  the  effect  of  the  varying  thicknesses  of  these 
substances. 

The  author  suggested  the  use  of  the  hollow  wedge  as  far  back  as  the  Cheltenham 
Meeting  in  1856,  and  exhibited  there,  and  published  afterwards,  many  diagrams  of 
absorption  spectra  thus  obtained.  The  reason  why  other  observers  have  made 
little  use  of  it  was  believed  to  be  twofold — it  is  too  simple  to  please  some,  requi- 
ring no  apparatus  beyond  a  common  window-shutter,  the  wedge,  and  a  good  prism, 
while  it  demands  a  little  more  thought  in  adjustment  than  the  test-tube  does, 
seeing  it  also  bends  the  ray  of  light  It  may  be  advantageously  placed  in  front  of 
spectroscopes  of  the  ordinary  form  ^  and  as  the  prismatic  analysis  of  transmitted 
light  is  becoming  a  matter  of  great  importance,  it  seems  desirable  to  adopt  the  best 
methods.  

Sur  une  action  particuliere  dc  la  lumiere  sur  fa  sels  tfargent. 
By  Professor  Moreen. 


Electricity,  Magnetism. 


On  a  further  development  of  the  Dynamo-Magneto-Electric  Machine. 
By  W.  Ladd,  F.R.A.S. 

At  the  Meeting  last  year  the  author  brought  before  the  Section  one  of  his  small 
dynamo-magneto  machines,  the  first  that  had  been  made  upon  that  principle. 
The  author  has  since  constructed  a  much  larger  machine,  and  it  may  be  interesting 
now  to  give  some  particulars  respecting  it.  The  object  in  constructing  it  was  to 
supply  a  good  electric  light  for  the  purpose  of  lecture  demonstrations.  It  is  con- 
structed upon  the  double  armature  principle,  both  armatures  being  placed  end  to 
end,  so  that  their  magnetic  axes  cross  each  other  at  right  angles.  The  short  arma- 
ture contains  108  feet  of  very  stout  copper  wire,  and  sends  its  currents  into  240  lbs. 
of  copper  wire  surrounding  the  electromagnet,  exciting  a  large  amount  of  mag- 
netism in  the  body  of  the  machine.  And  as  the  second  armature  is  also  made  to 
revolve  between  the  poles  of  this  electromagnet,  a  sufficient  effect  is  produced  at 
the  two  ends  of  the  312  feet  of  very  stout  copper  wire  (which  is  wound  upon 
it)  to  produce  a  good  electric  light  from  the  carbon-poles  of  the  regulator.  But  in 
order  to  make  that  light  sufficiently  continuous,  it  is  requisite  that  the  armatures 
should  revolve  from  1800  to  2000  revolutions  per  minute;  but  as  the  armatures 
have  to  be  magnetized  and  demagnetized  twice  during  each  revolution,  there  would 
be  in  the  latter  case  4000  flashes  of  light  per  minute.  Now  it  has  been  shown 
that  every  time  iron  becomes  magnetized  it  is  elongated,  and  again  shortened 
when  demagnetized.  At  every  alteration,  therefore,  of  the  condition  of  the  iron 
some  small  amount  of  heat  must  be  devolved,  and  would  increase  to  such  an  ex- 
tent that,  if  unchecked,  it  would  in  the  course  of  time  be  so  great  as  to  destroy  the 
insulation  of  the  wire. 

The  author  did  not  wish  it  to  be  inferred  that  the  sole  cause  of  heat  is  due  to 
the  elongation  of  the  iron.  Doubtless  the  electric  currents  passing  through  the 
wire  would  produce  heat ;  but  he  believed  the  quantity  produced  by  that  means 
would  be  small  as  compared  with  that  produced  by  the  elongation  of  the  iron  itself. 
The  author  gave  the  following  reasons  tor  entertaining  this  opinion.  One  of  these 
magneto-machines  driven  by  steam-power  was  lately  used  in  connexion  with  a 
large  inductorium,  and  after  a  few  hours  it  was  found  that  the  copper  or  primary 
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wire  surrounding  the  core  of  the  coil  appeared  to  be  quite  cool,  while  the  iron  core 
itself  was  considerably  heated.  The  author,  therefore,  mainly  assigned  the  produc- 
tion of  the  heat  to  the  cause  specified.  Now  to  remove  this  heat  he  had  perforated 
the  two  poles  of  the  electromagnet  as  close  as  possible  to  the  armatures,  and  a  stream 
of  cold  water  circulates  twice  round  the  machine.  This  carries  off  the  heat 
in  a  most  effective  manner,  and  no  appreciable  detriment  in  its  electrical  results 
occurs. 

The  quantity  of  the  mixed  gases  given  off  per  minute  had  not  yet  been  ascertained ; 
but  it  is  most  interesting  to  notice  the  continuance  of  the  decomposition  of  water 
which  takes  place  for  some  seconds  after  all  motion  in  the  machine  has  ceased. 


On  the  Electric  Conductivity  of  Platinum  as  affected  by  the  Process  of 
Manufacture.    By  C.  W.  Siemens,  F.B.S. 


On  a  Permanent  Deflection  of  the  Qalvanometer-needle  by  a  rapid  series  of 
equal  and  opposite  Induced  Currents.     By  the  Hon.  J.  W.  Struct. 


On  the  Construction  of  a  Galvanometer  for  the  Detection  of  weak  Electric 
Currents.     By  F.  H.  Varlet. 

The  great  advance  which  the  labours  of  Sir  William  Thomson  have  made  in  the 
means  of  determining  with  precision  small  equivalents  of  electrodynamic  force  is 
sufficiently  well  known.  He  has  shown  the  importance  and  value  of  using  small 
cores  upon  which  the  electromagnetic  helices  are  wound,  and  the  advantage  of  em- 
ploying small  magnets  for  indicating  and  measuring  the  amount  of  force  flowing 
through  the  galvanometer-coil  or  helix.  The  small  magnet  of  Sir  W.  Thomson  has  a 
mirror  attached  to  it  to  reflect  a  beam  of  light,  so  that  a  small  motion  of  the  magnet 
gives  movement  to  a  line  of  light  thrown  upon  a  darkened  screen.  It  has  frequently 
occurred  to  the  author  that  smaller  and  lighter  magnets  could  be  employed  by  call- 
ing in  the  aid  of  microscopic  power.  Two  instruments  were  constructed  with  this 
view.  The  first  consists  in  suspending  by  a  single  filament  of  silk  in  the  hollow 
core  of  the  galvanometer-coil  a  magnet  of  an  inverted  spur-form,  made  of  the  finest 
steel  wire  that  can  be  obtained,  and  rendering  its  motion  apparent  by  viewing  it 
through  a  rectangular  prism  by  means  of  a  microscope,  in  the  eyepiece  of  which  is 
placed  a  small  scale  photographed  on  glass :  the  magnet  appears  as  a  black  bar  bi- 
secting the  field  of  view ;  and  as  the  finest  wire  obtainable  for  this  purpose  appears, 
when  sufficiently  magnified,  as  thick  as  a  scaffold-pole,  it  is  obvious  that  the  slightest 
motion  of  the  magnet  is  rendered  conspicuous  by  the  image  moving  to  or  from  over 
the  graduated  scale  in  the  eyepiece.  The  second  form  is  more  sensitive  than  the 
first :  a  small  magnet  made  of  flat  steel  polished  on  one  face  is  suspended  in  the 
usual  way  by  a  single  filament  of  silk :  a  small  microphotograph  of  a  graduated 
scale  is  placed  at  such  a  distance  from  the  reflecting  surface  of  tne  magnet-mirror, 
that  eacn  division  eauals  two  minutes  of  arc  as  nearly  as  possible ;  the  image  of  the 
scale  thus  reflected  is  sent  in  a  line  with  the  optic  axis  of  the  microscope ;  any  de- 
flection given  to  the  magnet  causes  the  image  of  the  photographed  scale  to  move 
across  the  field  of  view.  The  reflecting  surface  moving  doubles  tne  apparent  motion, 
giving  the  amount  due  to  the  angle  of  incidence,  plus  that  of  reflection.  The 
movement  of  one  graduated  division  being  produced  by  a  deflection  equal  to  one 
minute  of  arc,  if  magnified  sixty  times  by  tne  microscope,  will  render  a  motion 
equal  to  one  second  of  arc  apparent  and  measurable.  When  desirable,  a  small  scale 
placed  in  the  eyepiece  can  be  made  to  five  a  vernier  reading  upon  the  magnified 
scale.  The  magnifying-power  ean  be  increased  where  desired,  and  most  minute 
amounts  of  motion  rendered  measurable.  The  great  difficulty  of  using  instruments 
of  such  extreme  sensibility  is  due  to  the  interference  of  extraneous  vibration  com- 
municated to  the  small  magnets.  This,  to  a  great  extent,  can  be  overcome  by  in- 
sulating the  various  parts  from  vibration  by  means  of  antagonizing  springs^  and 
preventing  the  finer  vibration  from  being  communicated  through  the  wire  itself  by 
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covering  the  wire  with  silk  or  cotton  to  act  as  a  damper  to  the  more  minute  vibra- 
tions. This  instrument  being  more  compact,  and  not  requiring  a  darkened  room  set 
apart  for  its  special  use,  its  application  is  much  more  general,  whilst  it  at 
the  same  time  gives  much  more  minute  and  sensitive  measurements.  The  instru- 
ment can  be  used  in  broad  day,  either  in  or  out  of  doors,  and  is  applicable  to  all 
lands  of  galvanometric  observations. 


On  a  New  Automatic  Telegraphic  Apparatus.  By  Prof.  C.  Zengbr. 
The  Morse  telegraph  requires  much  cleverness  and  practice  in  the  telegraphists 
to  deliver  despatches  quickly,  correctly,  and  easily  legible.  To  avoid  mistakes,  and 
to  get  a  more  rapid  mode  of  despatching,  the  author  constructed  an  automatical 
telegraphic  apparatus,  intended  to  make  telegraphing  with  the  Morse  system  quite 
independent  of  the  telegraphist's  cleverness  ana  practice,  to  procure  signs  automa- 
tically made  of  as  correct  a  shape  as  if  they  were  printed.  But  that  is  not  the  only 
advantage  of  this  apparatus  j  for  it  is  capable  of  giving  three  simple  signs  instead 
of  only  two.  These  signs  are  got  by  pressing  down  uniformly  three  levers,  the  first 
riving  a  dot,  the  second  a  short  line,  and  the  third  a  nearly  three  times  longer  one. 
The  combinations  to  one,  two,  and  three  elements  are  3,  9,  and  27,  in  some  38 ; 
tvith  the  Morse  key  there  are  only  2,  4,  and  8,  in  some  14,  possible.  There  are 
nuch  fewer  signs  required  to  obtain  all  letters  and  ciphers  than  with  the  Morse 
:ey,  and  the  despatches  become  more  than  one-third  shorter  than  with  the  common 
:ey.  But  time  is  also  spared ;  because  an  able  telegraphist  may  more  swiftly  tele- 
raph  than  with  the  Morse  key  j  for  the  movement  or  the  three  levers  is  uniform, 
nd  may  be  produced  with  three  fingers  put  on  the  keys  at  the  end  of  each  lever, 
'he  movement  of  the  levers  produces  a  similar  movement  of  shorter  and  smaller 
jvers,  producing  a  current  of  only  momentary  duration  on  the  first  lever,  a  longer 
a  the  second,  and  three  times  longer  on  the  third.  Whatever  may  be  the  velocity 
f  the  paper  devolving  on  the  Morse  writing-apparatus,  the  relative  length  of  the 
vo  lines  will  not  be  altered,  and  becomes  quite  independent  from  the  hand  of  the 
legraphist  The  first  lever  gives  always  a  dot,  or  an  extremely  short  line.  The 
ithor  nas  found  by  using  this  key,  which  is  simply  placed  instead  of  the  Morse 
y  in  the  circuit  without  altering  anything  else  in  the  whole  Morse  system,  that 
ys  and  little  girls  may,  after  a  day's  practice,  telegraph  quite  well ;  and  that  a 
jver  telegraphist  may  reduce  the  space  occupied  by  the  telegram  about  30  to  33 
r  cent.,  ana  the  time  spent  nearly  40  to  60  per  cent.,  after  a  short  time  of 
ictice. 


Metkoeologt. 

e  Resemblance  and  Contrasts  of  the  Climates  of  the  Mauritius  and  Natah 
3y  Robert  James  Mann,  M.D.,  F.M.S.,  F.R.A.S.,  F.R.G.S.,  Superinten- 
dent of  Education  at  Natal,  and  Acting  Special  Commissioner  of  the  Natal 
Government. 

he  exact  observations  on  the  meteorology  of  Port  Louis,  in  the  island  of 
Mauritius,  made  by  Professor  Meldrum,  and  printed  in  the  last  Report 
W),  acquire  additional  interest  and  value  when  compared  with  observations 
e  at  the  neighbouring  continental  station  of  Natal  at  the  same  time.  The  island 
lie  Mauritius  lies  in  the  Indian  Ocean  between  the  20th  and  21st  parallels  of 
hern  latitude,  and  1400  miles  from  the  African  shore.  The  colony  of  Natal 
>n  the  border  of  the  African  continent,  facing  the  same  ocean  between  the  20th 
32nd  parallels  of  south  latitude.  The  sun  shines  approximately  with  the  same 
ration  and  force  on  both  situations;  and  the  prevalent  movement  of  the  atmo- 
•e  is  in  the  same  direction  in  both,  that,  namely,  of  the  south-eastern  trade- 
flowing'  from  the  vast  open  stretches  or  the  Southern  Ocean.  But  in  the  one 
the  sun  shines,  and  the  ocean-wind  blows  upon  a  small  island  only  thirty-five 
across  in  the  widest  part,  and  rising  into  a  tableland  1400  feet  high  in  its 
?,  -with  a  rampart  of  jagged  peaks  about  as  high  again ;  while  in  the  other 
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case  the  sun  falls  and  the  wind  blows  upon  the  margin  of  a  land  that  rises  rapidly 
to  6000  feet  of  elevation,  and  then  stretches  away  for  thousands  of  miles,  getting' 
ever  more  and  more  scorched  by  the  intertropical  sunshine.  A  very  instructive 
opportunity  is  thus  afforded  for  instituting  upon  a  grand  scale  a  careful  comparison 
of  the  insular  and  continental  conditions  and  influences.  A  long  and  sustained 
series  of  observations  is  required  to  do  full  justice  to  this  comparison.  A  few  note- 
worthy deductions  may  in  the  meantime  be  gathered  as  u  first  fruits  "  of  the  in- 
vestigation. 

The  actual  rainfall  is  not  very  different  for  Port  Louis,  the  capital  of  the  Mauri- 
tius, and  for  Maritzburjj,  the  capital  of  Natal.  During  a  series  of  eight  years  it 
amounted  to  241*79  inches,  or  20  feet  If  inch,  at  the  observatory  at  MantzbuTg-, 
and  to  324*33  inches,  or  27  feet,  at  the  observatory  at  Port  Louis.  The  mean 
annual  fall  for  this  period  was  30*22  inches  for  Maritzburg,  and  40*54  inches  at  Port 
Louis.  Both  stations  are  placed,  so  to  speak,  away  from  the  first  impingement  of 
the  moist  sea-breeze.  But  the  site  oi  observation  at  Port  Louis  is  less  than  50 
feet  above  the  sea,  and  that  at  Maritzburg  is  2095  feet  above  the  sea. 

In  the  Mauritius,  in  the  very  limited  area  restricted  in  the  longest  extent  to 
thirty-five  miles,  there  are  spots  that  actually  receive  four  times  as  much  rain  as 
others.  Thus  in  the  year  1862,  while  the  fall  was  28*3  inches  in  the  north-west, 
52*2  inches  on  the  north,  and  09  inches  in  the  interior  of  the  island;  at  the  south- 
east extremity,  at  an  elevation  of  960  feet,  it  was  122*6  inches. 

In  the  colony  of  Natal  the  difference  between  the  coast  and  the  capital,  more 
than  forty  miles  inland  and  more  than  2000  feet  high,  is  only  as  2  to  1.  In  one 
case  of  careful  comparison,  when  the  fall  at  the  Port  of  Durban  was  22*59  inches, 
the  fall  at  Maritzburg  was  11*75  inches. 

In  the  Mauritius  there  is  a  considerable  difference  in  the  amount  of  rainfall  in 
different  years.  In  a  series  of  eight  years  the  least  yearly  rainfall  at  Port  Louis 
was  20*5  inches,  and  the  greatest  68*7  inches.  In  a  similar  range  of  eight  years 
the  least  annual  fall  at  Maritzburg  was  22*4  inches,  and  the  greatest  annual  fall 
37*3  inches. 

In  the  Mauritius  the  rainfall  distinctly  increases  with  elevation  up  to  nearly 
1000  feet 

In  Natal  the  greatest  fall  certainly  takes  place  on  the  windward  side  of  the  land, 
that  is,  on  or  near  the  coast ;  and  it  then  diminishes  rapidly  with  elevation. 

There  are  no  observations  yet  available  to  give  the  fall  for  the  range  of  country 
intermediate  between  Durban  and  Maritzburg;  but  there  certainly  is  no  spot 
where  the  rainfall  materially  exceeds  that  of  the  district  near  to  the  sea  itself. 
The  large  tract  of  heated  land  along  which  the  sea-breeze  has  to  rise,  seems  at  once 
to  give  the  atmosphere  more  vapour-sustaining  power,  until  the  ascent  becomes 
sufficiently  energetic  and  turbulent  to  give  rise  to  the  periodically  recurring 
thunder-storm. 

The  seasonal  distribution  of  the  rainfall  is  remarkably  regular  on  the  border  of 
the  African  continent,  that  is,  at  Natal.  There  is  a  distinct  division  of  the  year 
into  a  wet  season  and  a  dry  one ;  and  the  wet  season  most  beneficently  corresponds 
with  the  summer  half  of  the  year.  Four-fifths  of  the  rain  in  Natal  falls  between 
the  beginning  of  October  and  the  end  of  March,  and  one-fifth  between  the  begin- 
ning of  April  and  the  end  of  September.  The  midwinter  months  of  June  and  July 
are  almost  dry.  In  the  two  months  before  and  two  months  after  these,  the  rain- 
fall is  1 }  inch  for  each  month.  In  the  six  summer  months  it  averages  44  inch  for 
each  month.  In  the  Mauritius  58  per  cent,  of  the  rain  falls  between  December 
and  March,  and  42  per  cent,  during  the  other  eight  months.  In  Natal  December 
is  the  wettest  month  of  the  year ;  m  the  Mauritius  February  is  the  wettest  month. 
The  rainfall  in  the  Mauritius  is  more  concentered  in  the  middle  of  the  summer 
than  it  is  in  Natal,  and  is  occasionally  raised  to  a  great  extent  in  February  by  the 
occurrence  of  hurricanes. 

In  the  Mauritius  June  and  July  are  dry  months,  as  in  Natal ;  but  there  is  there 
a  sort  of  second  dry  season  after  August.  October  and  November  are  dry  in  the 
Mauritius,  but  distinctly  and  emphatically  wet  in  Natal. 

In  both  situations  the  general  tendency  is  to  increased  rainfall  with  increase  of 
temperature,  and  therefore  of  sea  evaporation,  which  mounts  to  the  highest  point 
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ebruary.  This  agency,  however,  is  somewhat  anticipated,  and  over-ridden,  in 
iL,  by  the  establishment  of  frequent  periodic  thunder-storms,  which  begin  in 
ber. 

le  thunder-storm  is  a  very  much  more  frequent  phenomenon  in  Natal  than  in 
Vfauritius.  During  a  series  of  seven  years  lightning  was  seen,  or  thunder  heard, 
36  days  at  the  Mauritius.  In  a  series  of  eight  years  lightning  was  seen,  or 
der  heard,  on  636  days  in  Maritzburg.  The  average  number  of  days  of  elec- 
1  disturbance  in  any  year  is  26  for  the  insular  position  of  the  Mauritius,  and 
>r  the  continental  position  of  Natal  In  the  Mauritius  lightning  is  never  seen 
e  months  of  June,  July,  September,  and  October;  and  it  is  very  rarely  seen  in 
nonth  of  August. 

9ularity  of  position  thus  causes  greater  diversity  and  irregularity,  and  more 
ly  separatee  extremes  in  the  deposit  of  rain,  both  so  far  as  different  seasons  of 
ame  year  and  different  years  of  a  lengthened  series  are  concerned.  But  it 
s  exactly  the  opposite  influence  in  regard  to  temperature.  The  mean  tempe- 
•e  of  the  Mauritius  is  considerably  above  the  mean  temperature  of  Natal ;  but 
3r  and  lower  temperatures  are  experienced  in  Natal  than  in  the  Mauritius, 
^reat  ocean  serves  as  a  ready  and  exhaustless  supply  of  rain,  but  as  a  reserve 
-eservoir  of  heat. 

e  mean  annual  temperature  of  Port  Louis  is  77°-l.  The  mean  annual  tempe- 
e  of  the  sea-coast  of  Natal  (Durban)  is  68°-2,  and  of  Maritzburg,  2096  feet 
3  the  sea,  64°-7. 

a  series  of  six  years  the  highest  annual  mean  at  Port  Louis  was  78°-2,  and 
>west  77#-0.    The  highest  at  Maritzburg  was  66°-80,  and  the  lowest  64°-27. 
e  mean  temperatures  of  the  several  months  of  the  year,  derived  from  a  series 
ren  years,  were,  for  the  two  stations, — 


Port  Louis.  Maritzburg. 

Januarv 8230  71-4 

February    ....  8216  718 

March     81-53  69-7 

April 8063  648 

May    7712  693 

June   74-00  66-2 


Port  Louis.  Maritzburg. 

July    72-52  55-2 

August 72-83  69-7 

September....  7414  66-1 

October 75-78  666 

November     ..  79-22  671 

December 81*44  70-4 


3  range  of  monthly  mean  temperature  is  9^78  at  Port  Louis,  and  16°-6  at 
zburg. 

Comparison  of  Temperature  of  Port  Louis  and  Maritzburg  during  a 
series  of  eight  years. 


Highest 
tempera- 
ture. 

Lowest 
tempera- 
ture. 

Extreme 
range  of 
tempera- 
ture. 

Largest 
daily  range 
of  tem- 
perature. 

Largest 
monthly 
range  of 
tempe- 
rature. 

Port  Louis. 
Maritzburg 

90*0 
97-6 

6§-8 
290 

2^-2 
68-6 

i§o 

43-0 

18 

27 

extremes  in  Natal  are  much  less  than  they  would  otherwise  be,  on  account 
summer  being  die  period  of  predominant  cloud  and  rainfall,  and  the  winter 

nod  of  predominant  sunshine.    The  air-temperature  was  only  below  the  freez- 

int  at  Maritzburg  five  times  during  eight  years, 
annual  and  diurnal  oscillations  of  the  barometer  are  well  marked  at  both 

luritius  and  Natal.    The  mean  pressure  of  the  atmosphere  falls  from  August 

>ruary,  and  rises  from  February  to  August.    The  daily  pressure  sinks  from 
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nine  in  the  morning  until  three  in  the  afternoon,  and  rises  from  three  in  the  after- 
noon until  nine  in  the  evening.  The  diurnal  oscillation  amounts  to  7-hundredths 
of  an  inch  at  Port  Louis,  and  to  78- thousandths  of  an  inch  at  Maritzburg.  During 
a  period  of  eight  years  there  were  only  217  days  on  which  the  diurnal  oscillation 
was  not  distinctly  marked  at  Maritzburg. 
The  average  yearly  range  of  the  barometer  is — 

Port  Louis  0*914  inch.    Maritzburg  0*991  inch. 
The  highest  pressure  at 

Port  Louis  80*400  inches.    Maritzburg  28*714  inches. 
The  lowest  pressure  at 

Port  Louis  29*009  inches.    Maritzburg  27*215  inches. 
(The  height  above  the  sea  of  the  observing  station  at  Maritzburg  being  2095*674 
feet) 
The  extreme  range  of  atmospheric  pressure  during  a  period  of  seven  years  was 

At  Port  Louis  1*391  inch.    Maritzburg  1*259  inch. 

The  greater  range  at  the  Mauritius  is  obviously  due  to  the  occurrence  of  hurri- 
canes there,  which  do  not  extend  to  Natal 

The  pressure  of  the  atmosphere  reduced  to  the  temperature  of  82°  and  to  the  sea- 
level,  derived  from  a  period  of  eight  years,  is  for 

inches. 

Port  Louis,  Mauritius 80*056 

Maritzburg,  Natal   29*977 

The  diurnal  and  annual  oscillations  of  the  barometer  are  obviously  due  to  the 
rarefying*  power  of  day  sunshine  and  summer  sunshine.  But  in  Natal  there  are, 
in  addition  to  these,  oscillations  averaging  about  10  days,  for  the  most  part  due  to 
the  alternate  predominance  of  the  low  polar  or  higher  equatorial  current  of  the  air. 
There  were  in  Natal  291  well-marked  oscillations  of  this  class  in  a  period  of  eight 
years.  When  the  south-eastern  surface-current  (trade-wind)  prevails  over  the 
higher  north-west  compensatory  set  of  the  atmosphere,  the  mercury  of  the  baro- 
meter goes  up;  when  the  upper  north-west  current  predominates,  the  mercury 
goes  down.  The  thunder-storm  rains  occur  with  the  troughs  of  these  oscillations, 
and  the  sea-gales  and  rains  with  their  crests.  Occasionally  the  upper  more  rare6ed 
current  entirely  displaces  the  surface-current  for  a  brief  period  at  Maritzburs*,  and 
sweeps  upon  the  ground  as  a  strong  hot  dry  wind.  This  Natalian  sirocco  mows 
at  Maritzburg  about  twenty-five  times  in  the  year.  It  occurs  most  frequently  in 
the  month  of  September,  in  which  month  it  may  be  looked  for  five  times.  It 
becomes  more  frequent  during  the  two  months  preceding  September,  and  less 
frequent  in  the  two  months  following  September,  thus  showing  that  the  alternate 
sway  of  the  great  antagonistic  air-currents  is  really  a  seasonal  phenomenon  due  to 
the  march  of  solar  influence  to  and  fro  over  the  wide  stretch  of  African  land. 
These  hot  winds  do  not  reach  the  actual  surface  of  the  ses,  and  are  therefore  not 
felt  in  full  development,  either  on  the  Natal  coast  or  at  the  Mauritius.  They  are, 
however,  unquestionably  connected  with  the  north-west  gales  of  the  South  Atlantic 
The  gale  of  the  17th  of  May.  which  wrecked  the  mail  steamship  '  Athens '  in 
Table  Bay,  was  an  oscillation  eleven  days  long*,  bursting  as  a  hot  wind  in  the  crisis 
of  the  gale  and  barometric  depression  at  Maritzburg. 


Abstract  of  Meteorological  Observations  made  at  Pietermaritzburg,  Natal. 
By  Dr.  Mann,  F.R.A.S.,  F.R.G.S.,  F.M.S. 

Latitude  of  observatory    29  36  13  S. 

Longitude  of  observatory 30    1  34*5  £. 

Height  above  the  Custom  House,  near  the  sea-level  at  Durban,  from  a  mean 
of  eighty  barometric  observations  by  standard  and  compared  instruments, 

2096*674  feet. 
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Barometer  Observations,  reduced  and  corrected,  from  Standard  Instruments. 


Mean 
barome- 1 
trie  pres- 
sure of 
8  years. 

Mean 
barome- 
tric pres- 
sure of 
8  years. 

Mean  height 

in. 

27-891 
28-474 
27-215 
•991 
28-474 
27-215 

Greatest  range  of  eight  years. 

Mean  height  at  9  a.m 

Mean  height  at  3  p  m 

Mean  height  at  9  p.m. 

M^an  daily  range  .......... 

in. 

1-259 

27-968 

27-883 

27-961 

•078 

Highest  reading    

Lowest  reading 

Yearly  rangn 

Highest  in  last  eiffht  years . . 
Lowest  in  last  eight  years  . . 

Thermometer  Observations. 


Mean  temperature 
of  8  years. 

Mean  temperature  of  year  

61-71  Fahr. 
96-60 
3310 
62-60 

Mean  highest  temperature 

Mean  lowest  temperature    * 

Mean  widest  range  of  temperature  .... 

Mean 

tempera- 

rature 

of  8 

years. 


January  . . 
February 
March     . . 

April 

May  .... 
June  .... 
July  .... 
August  . . 
September 
October  . . 
November 
December 


rU- 
n-s 

69-7 
64-8 
59-3 
56-2 
55-2 
59-7 
661 
66-6 
671 
70-4 


Highest 
tempe- 
rature 
in8 
years. 


9§0 
971 
92-8 
89-5 
85-2 
78-2 
82-2 
89-8 
95-4 
96-0 
97-2 
97-6 


Mean 
highest 
tempe- 
rature of 
8  years. 


90-3 
910 
87-5 
84-6 
79-4 
74-7 
791 
84-2 
921 
90-7 
91-0 
92-3 


Lowest 
tempe- 
rature 

in 
8  years. 


51-8 
55-8 
42-0 
40-2 
35-4 
32-0 
29-0 
34-8 
380 
46-2 
45-2 
62-2 


Mean 

l0W68t 

tempera- 
ture in 
8  years. 


5?-8 
58-4 
52-2 
46-3 
39-6 
35-8 
34-2 
38-7 
43-5 
48-7 
50-9 
56-4 


During  the  year  1865  there  were  12  days  on  which  the  temperature  rose  to  90*, 
and  49  to84°j  81  nights  on  which  the  temperature  fell  to  50°,  and  211  to  60°; 
115  days  on  which  the  temperature  did  not  exceed  7(f,  and  8  that  did  not  rise  to 
60° ;  7  nights  on  which  the  temperature  did  not  fell  below  70°,  23  that  fell  below 
40°,  and  2  that  fell  to  36°. 
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Rainfall. 


Greatest 
rainfall 

in 
8  years. 

Mean 
rainfall 

for 
8  years. 

Greatest 
rainfall 

in 
8  years. 

Mean 
rainfall 

for 
8  yeare. 

January  .... 
February. . . . 

March 

Aprfl    

May 

June     

in.; 

6-63 

7-59 

6-94 

2-02 

2-94 

1-28 

in. 

3-92 

4-41 

829 

1-44 

095 

0-26 

July    

August   .... 
September . . 

October 

November  . . 
December  . . 

in. 

0-74 

3-44 

311 

7-21 

8-95 

6-23 

in. 

023 

114 

1-32 

3-60 

4-58 

604 

Total  rainfall 
for  the  years 

Total  rainfall 
for  the  years 

1868 
1869 
1860 
1861 
1862 

in. 

27-42 

28-40 

30-60 

22-41 

29-97 

1863 

1864 

1866 
Mean  rainfall   for) 
the  year  in  8  years  J 

in. 

34-66 
37-31 
31-08 

3011 

The  mean  number  of  days  (for  8  years)  on  which  rain  fell  in  January  were  16, 
February  14,  March  18,  April  9,  May  3,  June  1,  July  2,  August  5,  September  8, 
October  17,  November  17,  December  18. 

Average  number  of  days  on  which  rain  fell  in  each  year,  for  eight  years .    123 
Average  of  days  on  which  rain  fell  for  each  of  the  two  dry  months,  June  I      «, 

and  July   (        * 

Average  of  days  on  which  rain  fell  for  each  of  the  four  intermediate  [      «. 

months,  April,  May,  August,  and  September     f        * 

Average  of  days  on  which  rain  fell  for  each  of  the  six  wet  months    ....       16$ 

Rainfall  for  the  two  dry  months    (inches)    0*49 

Monthly  average  fall  for  the  two  dry  months „ 

Rainfall  for  four  intermediate  months  „ 

Monthly  average  fall  for  four  intermediate  months „ 

Rainfall  for  six  wet  months „ 

Monthly  average  fall  for  six  wet  months „ 

Mean  Degree  of  Moisture  of  8  years. 


0-24 
4-86 
1-21 
24-84 
414 


Mean  at 
9  a.m. 

Mean  at 
3  p.m. 

Mean  at 
9  p.m. 

January 

February    

March    

April 

o 

71-3 
74-4 
74-6 
749 
741 
72-3 
68-3 
65-6 
66-7 
71-2 
70-9 
71-5 

6^-8 
67-8 
63-9 
60-9 
54-4 
49-2 
46-9 
491 
66-6 
670 
68-9 
71-1 

&-3 
84-8 
861 
83-9 
81-1 
76-0 
73-9 
74-9 
78-9 
83-9 
83-5 
84-8 

May    

June   

July    

j    ' ' ' 

August 

September 

October 

November 

December 
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Mean  humidity  of  air  at  9  a.m.  for  eight  years  ......  71*2 

n  »  **  »        »  601 

»  »  **•*-  „  81-2 

„  „      for  eight  years 70*8 
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Thunderstorms. 

Hot  winds. 

Days  on  which  a  thun- 
derstorm occurred. 

Days  on  which  strong 
hot  winds  occurred. 

Greatest 

number  in 

8  years. 

Mean  for 
8  years. 

Greatest 

number  in 

8  years. 

Mean  for 
8  years. 

January  . . . 
February    . 

March 

April 

May    

June    

July    

August   . . . 
September  . 
October  . . . 
November  . 
December  . 

12 

10 

9 

7 

6 

1 

2 

3 

10 

14 

12 

11 

7-9 
6-6 
6*2 
2-9 
1-5 
0-2 
0-8 
11 
3-6 
6-2 
7-3 
81 

January  .... 
February    . . 

March     

April 

May    

June    

July    

August   .... 
September . . 
October  .... 
November  . . 
December  . . 

3 
3 
4 
3 
3 
3 
4 
7 
8 
8 
4 
6 

1-8 
1-2 
0-7 
0-8 
1-2 
0-8 
2-3 
3-2 
51 
4-2 
3-0 
1-7 

Average  for  8  years    . .  61 

Average  for  8  years    . .  26 

Entire  number  of  storms  in  six  wet  months  40*.  and  in  six  dry  months  19.  Days 
of  lightning  without  thunder,  that  is,  on  which  there  are  storms  just  beyond  ten 
miles,  12. 

Sunshine  and  cloud. — Number  of  days  of  unbroken  sunshine  in  six  wet  months  10, 
in  six  dry  months  49.  Number  of  days  of  unbroken  cloud  in  six  wet  months  44,  in 
six  dry  months  21. 

Number  of  days  in  year  of  unbroken  sunshine  59,  of  unbroken  cloud  65,  of  min- 
gled sunshine  and  cloud  241. 

Wind. — The  wind  was  blowing  during  the  year,  at  nine  in  the  morning,  238  times 
on  shore — E.,  S.E.,  S.  (cool  direction);  77  times  off  shore— W.,  N.W.,  N.  (warm 
direction);  60  times  along  shore — N.E.,  S.W. 

At  three  in  the  afternoon  296  times  on  shore,  28  times  off  shore,  41  times  along 
shore. 

At  nine  in  the  evening,  286  times  on  shore,  40  times  off  shore,  39  times  along 
shore. 

During  1096  evenly  distributed  observations  the  wind  was  blowing  820  times 
from  the  cool  quarter  (that  is,  in  the  direction  of  the  combined  trade  and  mon- 
soon), and  146  times  in  the  opposite  direction,  that  is,  of  the  higher  compensatory 
current. 

The  predominant  or  natural  air-current  was  only  disturbed  69  days  in  the  after- 
noon, 79  days  in  the  evening,  and  127  days  in  the  morning. 

*  Each  unit  means  one,  or  more  storms,  present  on  a  single  day.  Several  storms  on  the 
same  day  are  entered  as  1. 
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Comparison  of  Maritzburg  and  Durban  Temperatures  during  last  four  months 

of  the  year  1866. 

Mean  taken  from  simultaneous  observations  at  the  two  places  at  nine,  three,  said 
nine. 


Months. 

Maritzburg.        Durban. 

September 

October 

November 

December 

64-6 
700 
68-6 
71-4 

72-6 
71-7 
78-4 

Mean  temperature  of  four  months  at  Maritzburg  68°-6,  and  at  Durban  72°-l. 
Mean  temperature  of  Durban  3°*6  higher  than  mean  temperature  of  Maritzburg'. 

Comparison  of  Rainfall  at  Maritzburg  and  Durban  for  last  six  months 
of  the  year  1866. 


Months. 

Maritzburg. 

Durban. 

July    

in. 

010 

1-26 

2-44 

0-93 

318 

3-84 

in. 

0-48 

3-82 

7-41 

0-69 

6-07 

4-22 

"j    

August  

September 

October  

November 

December 

Total 

11-76 

22-69 

Barometric  Pressure  at  Durban,  near  the  sea-level,  during  the  last  four 
montns  of  the  year. 

Height  of  standard  barometer,  corrected  for  capillarity  and  capacity,  but  not  cor- 
rected for  temperature. 


Months. 

9  a.m. 

3  p.m. 

9  p.m. 

September 

October 

November 

December 

in. 

30-212 

30107 

30-020 

30114 

in. 

30134 

30-033 

29-911 

30-063 

in. 

30178 

30-010 

30-012 

30-806 

Mean  height  for  the  four  months  at  9  a.m.  30*113,  at  3  p.m.  30-032,  at  9  p.m. 
30*071.  Mean  height  of  barometer  at  Durban,  near  the  sea-level,  for  four  months 
80-072.  

On  Synaptic  Weather- Charts  of  the  Indian  Ocean. 
By  Charles  Meldrum,  M.A. 

The  object  of  these  charts,  which  are  now  being  prepared,  is  to  show  the  state 
of  the  winds,  weather,  and  sea,  and  the  pressure  and  temperature  of  the  air,  at 
noon  on  each  day,  for  a  period  of  one  or  more  years,  over  the  Indian  Ocean,  be- 
tween the  meridians  of  Ureenwich  and  120°  E.,  ana  the  parallels  of  23°  N.  and 

46°  S. 
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js  stated  in  a  paper  communicated  to  the  Section  last  year,  the  Meteorological 
iety  of  Mauritius  has,  since  the  1st  January  1853,  heen  tabulating  the  obser- 
Lona  recorded  in  the  log-books  of  vessels  visiting  the  harbour  of  Port  Louis,  so 
o  form  a  journal  containing  information  with  respect  to  wind,  cloud,  rain,  fog, 
itning,  &c,  and  the  state  of  the  sea,  for  each  day  and,  as  far  as  possible,  for  each 
ir ;  and  it  is  from  that  journal  that  the  materials  for  constructing  the  charts  are 
inly  derived.  Up  to  the  present  time,  about  215,000  days'  observations,  each 
lprisinff  several  observations  taken  in  the  course  of  the  twenty-fcur  hours,  have 
n  tabulated,  and  a  separate  collection  has  been  made  of  numerous  details  rela- 
%  to  the  hurricanes  which  have  occurred  during  the  same  period.  Since  1859  the 
lual  number  of  observations  has  considerably  increased,  and  for  several  years 
jre  is  a  daily  average  of  from  70  to  80  days'  observations,  or,  in  other  words,  of 
to  80  vessels"  on  board  each  of  which  various  observations  were  taken  daily. 
The  importance  of  synoptic  weather-charts,  as  a  means  of  studying  meteorolo- 
;al  phenomena,  had  induced  the  author  to  attempt  to  bring  out  a  series  of  such 
arts  about  twelve  years  ago.  The  observations  colfected  for  March  1853,  toge- 
er  with  several  charts,  were  published  in  1856,  and  daily  charts  for  other  months 
spared ;  but  for  various  reasons,  of  which  the  fewness  of  the  observations  was 
e,  the  daily  average  being  only  30,  the  work  was  abandoned.  Subsequently, 
veral  hundreds  of  synoptic  charts  were  constructed  for  periods  for  which  the  od- 
rvations  were  more  numerous,  and  it  was  now  proposed  to  issue  those  for  1861. 
ae  mean  daily  number  of  observations  for  that  year,  recorded  in  Mauritius,  was 
>,  and  as  the  author  was  to  be  favoured  with  a  copy  of  those  in  the  Office  of  the 
eteorological  Committee  of  the  Royal  Society,  the  total  daily  average,  including 
ie  observations  taken  at  the  Indian  and  other  Observatories,  would  fall  little  short 
:100. 

In  order  to  render  the  charts  synchronous,  the  observations  are,  as  far  as  practi- 
ible,  referred  to  the  meridian  of  Off3  E.,  which  divides  the  charts  into  two  equal 
arts,  and  is  taken  to  represent  noon.  Generally  this  is  easily  accomplished  with 
jsnect  to  the  winds  and  weather,  which  are  frequently  observed  in  the  course  of 
Etch  day ;  the  chief  difficulty  being  in  applying  corrections  for  the  positions  of  the 
easels  at  local  noon,  when  tney  happen  to  be  at  considerable  distances  from  60°  £., 
nd  to  be  going  at  a  rapid  rate  j  but  the  correction  seldom  amounts  to  40  miles, 
nd  is  often  so  small  that  it  may  be  omitted.  There  is  much  greater  difficulty  with 
egard  to  the  pressure  and  temperature  of  the  air.  In  ordinary  weather  these  are 
•bserved  on  board  ship  only  at  noon.  Hence  the  isobaric  and  isothermal  curves,  as 
riven  in  the  charts,  represent  the  pressures  and  temperatures  at  local  noon,  and  not 
it  the  same  moment  of  absolute  lime ;  for  it  is  impossible  to  apply  corrections 
vhich  would  make  the  observations  synchronous.  Noon,  however,  happens  to  be 
learly  the  hour  when  the  barometer  is  at  its  mean  daily  height ;  ana  therefore 
n  usual  weather  the  isobars  for  local  noon  probably  represent  with  tolerable  accu- 
racy the  mean  pressure  for  the  day  at  the  localities  over  which  they  pass.  When 
the  weather  is  stormy,  and  the  barometer  is  falling,  observations  are  taken  hourly 
or  oftener ;  so  that  corrections  may  be  applied. 

After  describing  the  manner  in  whicn  the  observations  were  reduced  and  the 
results  delineated  graphically,  the  author  exhibited  specimens  of  the  charts,  and 
called  attention  to  the  connexion  which  apparently  subsisted  between  the  several 
phenomena,  particularly  the  isobaric  curves  and  the  directions  of  the  wind,  and 
ventured  to  think  that  a  series  of  such  charts  would  be  of  some  value.  The  Mauritius 
observations,  with  those  belonging  to  the  Board  of  Trade,  were  alone  sufficient  for 
constructing  ten  years'  daily  charts  of  about  ninety  observations  each. 

As  a  method  of  investigating  weather  phenomena  and  discovering  atmospheric 
laws,  there  could,  he  thought,  be  little  doubt  that  synoptic  or  synchronous  charts 
were  more  important  than  average  charts,  in  which  various  disturbances,  devia- 
tions, and  even  periodicities  were  entirely  masked.  He  would  go  further,  and 
say  that  a  series  of  synoptic  charts  for  a  particular  ocean  would  be  of  more  service 
to  the  practical  navigator  than  average  charts,  not  only  in  giving  him  an  insight 
into  weather  sequences,  but  in  affording  more  reliable  information  as  to  the  winds 
and  weather  likely  to  be  experienced  m  a  certain  locality  at  a  certain  time ;  that, 
for  example,  hwlf  a  dozen   observations  of  the  winds  which  actually  occurred 
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within  a  five-degree  square,  on  each  of  two  or  three  days  of  normal  weather,  would 
be  a  better  guide  to  the  seaman  than  a  wind -rose  purporting  to  show  the  proportion 
of  different  winds  often  from  a  small  number  of  oDservations  made  unconditionally 
in  different  years  and  seasons  and  in  all  kinds  of  weather.  At  all  events,  without 
undervaluing  the  method  of  averages  and  the  importance  of  constants,  it  might, 
he  believed,  be  said  that  it  was  to  the  system  of  comparing  observations  taken 
simultaneously  over  extensive  portions  of  the  earth's  surface  that  meteorology  waa 
likely  to  owe  most  progress  for  some  time  to  come.  Considering  the  interests  at 
stake,  the  sooner,  he  thought,  this  system  was  generally  adopted  the  better.  Who 
could  doubt  that  if  we  had  had  charts  showing  the  directions  and  force  of  the 
wind,  the  isobars,  &c.  over  the  North  Atlantic,  the  continent  of  Europe,  and  the 
British  Islands,  at  a  certain  hour  on  each  day,  even  for  the  last  twelve  mmrtha,  we 
should  be  m  a  position  to  solve,  wholly  or  partly,  questions  of  great  importance  to 
— *—— i  and  navigation  ?  


On  Storm-Warnings  in  Mauritius.  By  Charles  Meldrum,  M.A. 
By  charting  the  winds  and  weather  over  the  Indian  Ocean  for  noon  of  each  dav 
during  several  years,  and  examining  the  connexions  between  the  changes  which 
took  place  at  Mauritius  and  at  various  distances  on  all  sides  of  it,  the  author  ascer- 
tained that  no  heavy  gale  occurred  within  a  distance  of  at  least  1500  miles  the 
existence  of  which  was  not  indicated  in  the  island  bv  the  barometer,  winds,  and 
weather.  When  signs  of  a  hurricane  at  sea  appeared  at  the  Observatory  notices 
were  published  in  the  daily  newspapers,  stating  where  the  storm  was  raging,  and  in 
what  direction  it  was  travelling.  The  author  explained  in  detail  the  grounds  upon 
which  these  warnings  were  issued,  showing  that  there  were  three  classes  of  gales 
in  the  Indian  Ocean  south  of  the  equator,  and  that  each  of  them  affected  the  wea- 
ther at  Mauritius.  As  a  general  rule,  the  barometer  never  fell  one-tenth  of  an 
inch  below  its  mean  height  for  the  season  except  when  a  gale  existed  at  a  distance, 
and  the  character  of  the  sale,  and  its  bearing  and  course  were  determined  by  the 
direction  and  veering  of  the  wind,  the  barometer,  and  state  of  the  clouds  and  wea- 
ther. These  results  afforded  the  hope  that  similar  rules  might  be  successfully 
used  on  board  ship  in  the  Indian  Ocean.  In  conclusion,  the  author  expressed  the 
opinion  that  the  existence  and  course  of  storms  in  extra-tropical  countries  would 
yet  be  known  at  a  distant  station  with  far  more  certainty  and  precision  than  at 
present,  for  the  winds  in  temperate  climates,  though  more  variable,  were  just  as 
subject  to  law  as  those  within  the  tropics. 


On  some  Meteorological  Results  obtained  in  the  Observatory  at  Borne. 
By  Padre  Secchi. 
The  author  began  by  stating  the  necessity  that  the  climate  of  each  observatory 
should  be  accurately  known.  He  then  expounded  how  he  has  calculated  the  tem- 
perature for  every  day  of  the  year  by  simply  taking  the  means  for  forty  years  of  the 
same  day  of  the  year.  The  result  was,  that  even  after  so  long  a  term  of  observa- 
tions, no  regular  curve  was  obtained,  not  even  if  it  was  tried  to  smooth  the  irregu- 
larities by  Mr.  Bloxam's  method.  The  author,  however,  has  not  used  this  method 
except  for  five  days,  and  only  to  ascertain  that  the  irregularities  did  not  disappear. 
The  comparison  of  the  normal  curve  obtained  for  Home  with  those  which  are 
given  for  Paris,  Berlin,  Greenwich,  Prague,  Vienna,  Bologna,  show  evidently  that 
these  irregularities  are  not  due  to  chance,  since  they  appear  also  in  many  other 
places,  but  that  they  are  certainly  an  effect  of  the  reaction  of  the  sun's  neat  on 
some  particular  places  of  the  earth,  combined  with  the  law  of  the  successive  pro- 
pagation of  storms.  The  law  of  this  propagation  has  been  studied,  and  it  was 
found  that  the  storms  propagate  from  the  British  Islands  to  Italy  in  about  two 
days ;  and  the  author  pointed  out  the  station  of  Nairn,  in  Scotland,  as  the  best 
station  which  may  indicate  by  telegraphic  despatch  the  future  state  of  weather  in 
Rome.  The  author  afterwards  entered  into  a  full  explanation  of  the  relation 
existing  between  the  magnetical  and  meteorological  perturbations,  and  he  stated 
that  in  Rome  these  perturbations  are  signals  of  approaching  storms.  He  at- 
tempted to  explain  them  by  the  electrical  currents  which  accompany  the  meteorolo* 
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gical  changes.  He  said  that  this  theory  is  not  commonly  admitted  by  English 
observers,  because,  perhaps,  there  is  not  in  this  country  so  powerful  a  display  of 
electricity  as  on  the  continent,  and  perhaps  it  has  not  been  sufficiently  investigated 
how  far  this  relation  goes.  Whatever  may  be  the  cause  of  this  difference  (if  it  is 
true),  it  is  certainly  necessary  that  it  should  be  thoroughly  studied,  to  which  pur- 
pose a  magnetical  observatory  with  photographic  records  would  be  very  useful,  if 
it  could  be  established  also  in  Rome.  The  author,  however,  did  not  attribute  all 
magnetical  variations  to  meteorological  changes.  He  stated  that,  from  the  obser- 
vations made  in  Rome  both  on  the  sun's  spots  and  magnetical  instruments,  a  splen- 
did confirmation  was  obtained  of  the  minimum  of  solar  spots,  combined  with  the 
minimum  of  variation  in  magnetical  elements,  both  in  respect  to  regular  and  irre- 
gular oscillations.  The  author  concluded  by  insisting  on  the  great  advantage 
which  accrued  to  the  art  of  navigation  in  the  Italian  ports  from  telegraphic  indica- 
tions of  English  meteorological  states ;  and  he  noticed  that  a  regular  service  is 
already  in  activity  between  Rome  and  the  port  of  Oivita  Vecchia  for  this  purpose, 
to  the  great  satisfaction  of  the  sailors. 


CHEMISTRY. 

Address  by  Professor  E.  Feanxland,  F.1LS.,  President  of -the  Section. 

At  these  annual  reunions  of  those  interested  in  Chemical  science,  it  is  usual  for  the 
President  of  this  Section  to  take  a  rapid  survey  of  the  progress  of  Chemistry  dur- 
ing the  past  year,  and  in  conformity  with  that  custom,  it  now  devolves  upon  me  to 
bring  under  your  notice  some  matters  which  may,  perhaps,  with  advantage  arrest 
our  attention  for  a  few  moments  before  we  proceed  to  the  actual  business  of  the 
Section. 

It  may  be  safely  asserted  that  at  no  previous  Meeting  of  the  British  Association 
has  there  been  evinced  such  an  amount  of  interest  in  experimental  science,  and  espe- 
cially in  Chemistry,  as  that  which  pervades  the  length  and  breadth  of  this  country. 
The  international  display  of  manufactures  last  year  in  Paris  produced  upon  British 
visitors  an  impression  which,  if  not  quite  unanimous  in  its  kind,  was  almost 
entirely  so,  as  regards  the  resulting  conviction,  viz.  that  in  the  education  of  the 
youth  of  this  country  scientific  instruction  is  neglected,  or  systematically  excluded, 
to  an  extent  which  finds  no  approach  to  a  parallel  in  any  other  great  European 
nation.  There  are  many,  and  T  confess  to  being  one  of  them,  who  consider  that 
even  now  our  trade  and  manufactures  are  suffering  to  a  very  marked  extent  from 
this  grave  defect  in  our  national  education.  It  is  thought  by  some  that  igno- 
rance, on  the  part  of  managers  and  workmen,  of  the  scientific  truths  upon  which 
most  manufacturing  processes  depend,  has  not  yet  begun  palpably  to  tell  upon  our 
manufacturing  prosperity  j  but,  whatever  difference  of  opinion  there  may  be  as  to 
our  present  industrial  position  amongst  nations,  all  agree  in  this,  that  without  the 
extensive  introduction  of  thorough  scientific  training  into  the  education  of  those 
destined  for  industrial  pursuits,  we  can  no  longer  continue  to  maintain  that  pre- 
eminence in  manufactures  which  we  have  now  so  long  enjoyed. 

The  great  science  schools  of  the  continent  have  no  parallels  in  this  country. 
The  discouraging  way  in  which  scientific  studies  are  being  introduced  into  our 
older  universities,  the  lack  of  the  necessary  funds  for  the  proper  endowment  of 
professorships,  and  for  the  provision  of  suitable  buildings  and  apparatus  in  our 
modern  institutions,  and  the  insignificance  of  the  rewards  offerea  to  successful 
students  in  science,  have  naturally  operated  most  injuriously  upon  the  extension  of 
chemical  culture.  Whilst  in  Heidelberg,  Zurich,  Bonn,  Berlin,  Leipzig,  and  Carls- 
ruhe  magnificent  edifices  have  been  raised,  replete  with  all  the  newest  contrivances 
for  facilitating  the  prosecution  of  chemical  studies,  we  are  here  still  compelled  to 
give  instruction  and  conduct  research  in  small  and  inconvenient  buildings  utterly 
inadequate  to  the  requirements  of  modern  chemistry.  The  large  sums  spent  by 
the  governments  of  Germany  and  Switzerland  upon  these  establishments  suf- 
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ficiently  testify  to  their  opinion  of  the  national  value  of  chemistry  in  education. 
The  laboratory  at  Zurich  coat  £14,000,  that  of  Bonn  £18,450,  the  one  now  nearly- 
completed  in  Leipzig  will  cost  £12,120,  whilst  the  estimates  for  the  Berlin  labora- 
tory, with  its  74  rooms,  amount  to  no  less  than  £47,715. 

such  being  the  comparatively  discouraging  circumstances  under  which  chemistry 
is  prosecuted  in  this  country,  it  is  not  surprising  that  neither  the  number  of  inves- 
tigators, nor  the  amount  or  new  facts  added  to  our  knowledge  during  a  given  time 
will  bear  a  favourable  comparison  with  the  chemical  activity  of  other  and  more 
favoured  nations.  In  the  year  1866, 1273  papers  were  published  by  805  chemists, 
being  at  the  average  rate  of  1*68  paper  for  each  investigator.  Of  these,  Germany 
contributed  445  authors  and  777  papers,  or  1*75  paper  to  each  author;  France  17b 
authors  and  245  papers,  or  1*44  paper  to  each  author;  the  United  Kingdom  97 
authors  and  127  papers,  or  1*31  paper  to  each  author;  whilst  other  countries 
furnished  93  authors  and  124  papers,  or  1*33  paper  to  each  author.  Our  case  is 
even  worse  than  it  appears  to  be  from  these  figures ;  for  a  considerable  proportion 
of  the  papers  contributed  by  the  United  Kingdom  were  the  work  or  chemists 
born  and  educated  in  Germany,  but  resident  in  this  country.  I  am  not  aware 
how  far  a  like  comparison  as  regards  activity  in  research  obtains  in  other  sciences ; 
but  if  the  United  Kingdom  takes  a  similar  position  in  them,  it  is  nothing  less  than 
a  national  disgrace  that  a  country,  which  perhaps  more  than  any  other,  owes  its 
greatness  to  the  discoveries  of  science,  should  ao  so  little  towards  the  extension 
of  scientific  research. 

Fortunately,  however,  this  national  apathy  has  not  been  shared  by  individual 
chemists,  and  the  year  has  not  passed  without  several  important  additions  to  our 
knowledge.  The  Master  of  the  Mint  has  continued  his  remarkable  researches  on 
the  occlusion  of  gases  by  metals.  The  extraordinary  property  possessed  by  some 
of  the  metals,  but  especially  by  palladium,  of  absorbing  large  volumes  of  certain 
gases,  is  one  of  the  most  interesting  of  modern  observations,  and  can  scarcely  fail 
to  throw  light  upon  that  obscure  class  of  phenomena,  occupying  the  border  land 
between  the  recognized  domains  of  chemical  and  cohesive  attraction. 

Many  cosmical  changes,  such  as  the  variation  of  animal  and  vegetable  species, 
move  too  slowly  for  our  study.  On  the  other  hand,  the  sequence  of  transformations 
in  chemical  phenomena  has  generally  been  deemed  too  rapid  to  permit  of  the 
observation  of  anything  but  the  final  result  Harcourt  and  Esson,  nowever,  have 
shown  that  this  phase  of  chemical  action  can  be  studied  with  very  interesting  results ; 
in  the  cases  of  the  action  of  oxalic  acid  upon  permanganic  acid,  and  of  hydriodic 
acid  upon  hydroxyl,  they  have  arrived  at  tne  following  important  conclusions : — 

1.  The  rate  at  which  a  chemical  change  proceeds  is  constant  under  constant 
conditions,  and  independent  of  the  time  that  has  elapsed  since  the  change  com- 
menced. 

2.  When  any  substance  is  undergoing  a  chemical  change,  of  which  no  condition 
varies,  excepting  the  diminution  of  the  changing  substance,  the  amount  of  change 
occurring  at  any  moment  is  directly  proportional  to  the  quantity  of  the  substance. 

3.  When  two  or  more  substances  act  one  upon  another,  the  amount  of  action  at 
any  moment  is  directly  proportional  to  the  quantity  of  each  of  the  substances. 

4.  When  the  rate  of  any  chemical  change  is  affected  by  the  presence  of  a  sub- 
stance, which  itself  takes  no  part  in  the  change,  the  acceleration  or  retardation 
produced  is  directly  proportional  to  the  quantity  of  the  substance. 

5.  The  relation  between  the  rate  of  a  chemical  change  occurring  in  a  solution 
and  the  temperature  of  the  solution  is  such,  that  for  every  additional  degree  the 
number  expressing  the  rate  is  to  be  multiplied  by  a  constant  quantity. 

In  mineral  chemistry,  an  active  Member  of  this  Section  has  done  excellent  service 
by  the  careful  reinvestigation  of  the  compounds  of  vanadium.  Roscoe's  researches 
have  led  to  the  discovery  that  vanadium  does  not,  as  was  previously  believed, 
belong  to  the  sulphur  group  of  elements,  but  to  the  nitrogen  group.  The  vanadic 
chloride,  of  anomalous  vapour-density,  is  now  shown  to  be  a  normal  oxychloride. 
The  isolation  of  vanadium  will  be  looked  forward  to  with  much  interest,  since  the 
atomic  weight  of  this  element  assigns  to  it  a  position  intermediate  between  phos- 
phorus and  arsenic 

Chemists  had  long  regarded  with  regret  the  labour  expended  by  meteorologists, 
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on  observations  made  with  the  intention  of  estimating  ozone  in  the  atmosphere,  in 
the  absence  of  any  conclusive  evidence  of  the  existence  of  this  substance  in  the  air. 
It  is  therefore  highly  satisfactory  that  Andrews,  to  whom  we  were  already  so  much 
indebted  for  our  knowledge  of  the  properties  of  ozone,  has  at  length  proved,  that 
the  reaction  exhibited  by  ozone  test-papers,  at  a  distance  from  towns,  is  in  reality 
due  to  ozone.  Thus  the  numerous  observations,  extending  over  so  many  years, 
now  attain  a  value  which  they  did  not  before  possess. 

The  synthetical  and  constitutional  departments  of  Organic  Chemistry  have  re- 
ceived important  additions  from  the  discoverer  of  the  iirst  aniline  colour.  In  pur- 
suing his  interesting  researches  on  the  salicylic  series,  Perk  in  has  succeeded  in 
artificially  producing  coumarin — the  odoriferous  principle  of  the  sweet-scented 
Woodruff  and  Tonquin  bean — besides  a  number  of  homologues  of  this  substance. 
To  the  same  Chemist  we  are  also  indebted  for  a  theoretical  paper  of  great  import- 
ance, on  the  probable  difference  in  the  value  of  the  four  bonds  of  carbon — a  subject 
which,  in  its  bearings  upon  isomerism,  has  long  claimed,  though  it  has  never  re- 
ceived, the  earnest  attention  of  Chemists. 

Perkin  and  Duppa  have  submitted  the  glyoxylic  acid,  originally  obtained  by  them 
from  dibromacetic  acid,  to  a  searching  constitutional  investigation,  which  has  led 
them  to  the  conclusion  that  this  acid  is  identical  with  the  one  obtained  by  Debus 
from  the  slow  oxidation  of  alcohol ;  thus  establishing  the  fact  that  two  semi- 
molecules  of  hydroxyl  can  unite  with  one  and  the  same  atom  of  carbon — a  kind  of 
combination  the  possibility  of  which  had  been  disputed,  although  an  analogous 
compound  of  hydrosulphyl  is  well  known. 

Maxwell  Simpson,  another  of  the  most  active  and  successful  workers  in  this 
branch  of  Organic  Chemistry,  has  continued  his  researches  on  the  constitution  of 
succinic  acid,  and  on  the  direct  transformation  of  chloriodide  of  ethylene  into 
glycol. 

To  general  Organic  Chemistry  important  contributions  have  been  made  by 
Stenhouse  on  chloranil,  and  by  Griess  on  the  action  of  cyanogen  upon  amido- 
acids. 

Physiological  Chemistry  has  received  a  new  impulse  from  the  highly  instructive 
experiments  of  Crum  Brown  and  Fraser  on  the  connexion  between  chemical  con- 
stitution and  physiological  action.  It  had  been  shown  by  Bunsen  that  cacodylic  acid, 
though  readily  soluble  in  water,  and  containing  54  per  cent,  of  arsenic,  produced, 
when  administered  to  animals,  no  appreciable  poisonous  effect,  whilst  Lanaolt  found 
that  the  poisonous  properties  of  antimony  disappeared  in  the  salts  of  tetramethyl- 
stibonium.  Messrs.  Crum  Brown  and  Eraser  have  studied  the  change  in  physio- 
logical action  produced  by  the  addition  of  methylic  iodide  to  the  natural  alka- 
loids, strychnine,  brucine,  thebaine,  codeine,  morphine,  and  nicotine,  and  they  show 
conclusively  that  the  physiological  action  of  these  poisons  is  both  greatly  dimi- 
nished in  degree  and  completely  changed  in  character.  Their  experiments  also 
lead  them  to  the  singularly  remarkable  and  important  conclusion,  that  when  a 
nitrile  base  possesses  a  strychnine-like  action,  the  salts  of  the  corresponding  am- 
monium bases  have  an  action  identical  with  that  of  the  curare  poison.  It  is  well 
known  that  curare  and  strychnine  are  derived  from  plants  belonging  to  the  same* 
genus ;  and  it  is,  therefore,  interesting  to  observe  such  a  relationship. 

Again,  the  experiments  of  Dr.  Arthur  Gamgee  on  the  action  of  nitrites  upon 
blood  afford  a  striking  illustration  of  the  successful  application  of  the  most  deli- 
cate processes  of  chemical  analysis  to  physiological  research. 

I  cannot  close  this  brief  and  very  imperfect  summary  of  British  chemical  in- 
vestigation during  the  past  year  without  congratulatrag  the  Section  on  the  com- 
? lotion  of  that  most  valuable  addition  to  the  literature  of  the  science — Watt's 
)ictionary  of  Chemistry.  The  extent,  completeness,  unity  of  design,  and  general 
accuracy  of  this  great  work  reflect  the  highest  credit  upon  its  talented  editor,  who 
has  conferred  a  boon  upon  his  colleagues  for  which  they  can  never  sufficiently 
thank  him. 

The  statistics  illustrative  of  comparative  chemical  activity  in  this  country  and 
elsewhere  warn  me  not  to  attempt,  in  these  necessarily  brief  remarks,  any  analysis 
of  foreign  research.  I  cannot,  however,  avoid  alluding  to  one  or  two  out  of  the 
manv  foreign  achievements  of  the  past  year. 
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In  Mineral  Chemistry,  the  application  of  the  doctrines  of  atomicity  to  the  for- 
mulation of  natural  minerals,  in  the  new  edition  of  Dana's  great  work,  constitutes 
an  epoch  in  mineralogy  whicn  can  scarcely  fail  to  produce  in  that  science  results 
as  important  as  those  which  this  doctrine  has  already  achieved  in  0116111181*7 
proper. 

In  Organic  Chemistry,  Hofmann's  discovery  of  a  new  series  of  cyanogen  com- 
pounds imparts  a  new  stimulus  to  researches  on  isomerism,  and  will  long  remain 
one  of  the  great  landmarks  in  organic  investigation. 

In  Kolbe*s  laboratory  the  yearly  harvest  of  synthetical  discoveries  has  not  failed. 
The  direct  conversion  of  carbonic  anhydride  into  oxalic  acid  by  Dr.  Drechsel;  and 
of  amnionic  carbonate  into  urea  by  Basaroft)  are  amongst  the  most  brilliant  achieve- 
ments yet  recorded  in  this  branch  of  research. 

The  artificial  production  of  neurine  by  Wurtz  illustrates  strikingly  the  precision 
with  which  the  results  of  chemical  action  can  now  be  predicted,  The  atomic 
theory  of  Dalton,  developed  as  it  has  been  by  the  doctrine  of  atomicity,  is  rapidly 
assuming,  for  chemical  phenomena,  the  position  which  the  theory  of  gravitation 
occupies  m  cosmical  science. 

Alter  a  long  period  of  indecision  and  confusion,  as  regards  the  atomic  weights  of 
a  majority  of  the  elements,  it  is  gratifying  to  find  that,  at  the  present  moment,  an 
almost  complete  unanimity,  prevails  amongst  chemical  teachers.  Out  of  upwards 
of  900  papers,  worked  in  all  parts  of  the  United  Kingdom,  at  a  recent  examina- 
tion connected  with  the  Science  and  Art  Department,  the  old  atomic  weights 
were  employed  in  less  than  twenty  cases.  It  is  much  to  be  regretted  that  this 
unanimity  does  not  extend  to  notation  and  nomenclature ;  as  regards  the  latter,  a 
much  greater  uniformity  prevails  in  France  and  Germany  than  in  this  country, 
and  it  is  greatly  to  be  desired  that  efforts  should  be  made  to  bring  about  a  better 
understanding  on  the  subject.  To  the  student  a  uniformly  recognized  nomencla- 
ture is  perhaps  of  more  importance  than  a  generally  accepted  notation.  For  the 
present,  the  realization  of  the  latter  appears  to  be  impossible ;  but  by  a  little  mutual 
concession  on  the  part  of  teachers,  and  especially  of  authors,  there  would  be 
good  hope  of  soon  accomplishing  the  former. 


On  the  Chemical  Composition  of  the  Great  Cannon  of  Mvhammed  II. ,  recently 

presented  by  the   Sultan   Abdul  Aziz  Khan  to  the  British   Government* 

ByF;A.A*ELfF.R.S. 

This  interesting  example  of  heavy  ordnance  of  early  date,  which  has  recently 
been  added  to  the  Museum  of  Artillery  at  Woolwich,  is  one  of  the  large  bombards 
which  have,  for  about  four  centuries,  occupied  positions  in  the  batteries  on  the 
Dardanelles. 

The  gun  consists  of  two  parts,  which  are  screwed  together :  each  part  weighs 
about  9  tons,  the  total  weignt  of  the  piece  being  18  tons  14  cwt.  3  qrs.  Its  ex- 
ternal form  is  cylindrical,  the  muzzle  being  as  large  as  the  breech :  each  end  of 
either  separate  part  carries  a  projecting  moulding  which  is  divided  by  cross-bars 
into  recesses.  The  object  of  these  was  not  simply  ornamental ;  the  recesses  obvi- 
ously serve  the  purpose  of  the  holes  in  a  capstan-head,  being  required  to  give  pur- 
chase to  the  levers  employed  in  screwing  the  two  parts  together,  and  in  moving 
the  gun.  Each  piece  has  some  simple  moulding-ornamentation  at  the  ends,  and 
the  external  surfaces  are  subdivided  by  rings  or  mouldings  about  14  inches  apart 
The  total  length  of  the  gun  is  17  feet,  the  diameter  of  the  powder-chamber  is 
10  inches,  that  of  the  bore  is  25  inches.  The  two  screws  which  join  the  pieces 
together,  and  are  23  inches  in  diameter,  are  skilfully  cast.  Some  spherical  stone 
shot  received  with  the  gun  weigh  670  lbs. ;  the  charge  of  powder  required  being 
49|lbs. 

For  the  purpose  of  analysis,  specimens  of  the  alloy  were  detached  from  different 
parts  of  the  gun ;  these  were  found  to  vary  considerably  both  in  hardness  and 
composition.  Samples  marked  I.  and  IV.  proved  to  be  almost  identical  with  the 
best  descriptions  of  gun-metal  of  recent  manufacture,  whilst  those  in  which  the 
amount  of  tin  was  larger,  exhibited  specks  of  white  alloy  irregularly  dispersed 
through  the  masses.    On  the  other  hand,  Nos.  III.,  IIIa.,  and  V.  contain  higher 
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proportions  of  copper  than  have  been  found  in  any  other  specimens  of  ancient 
gun-metal,  the  results  of  which  have  been  published. 
The  results  of  analysis  were  as  follows : — 

From  the  Moulding  at  Rear-end  of  the  Breech-piece, 
I  Ia. 

(In  close  proximity  to  I.) 

Copper 9200     8958 

Tin  795     1015 

From  the  Moulding  at  Front-end  of  the  Breech-piece, 

II  in.  IIIa. 

Top  of  moulding.  Side  of  moulding. 

Copper 90-57  9370 9422 

Tin  9-75 6-23 500 

From  the  Moulding  at  Bear-end  of  the  Chase, 

IV. 

Copper   91-22 

Tin 8-49 

From  the  Moulding  at  the  Muzzle, 

V. 

Copper    95-20 

Tin 4-71 

The  great  guns  of  the  Dardanelles  appear  to  have  been  produced  from  the  metal 
of  small  cannon  j  and  there  is  little  doubt  that  no  approach  to  a  uniformity  of  mix- 
ture of  the  alloys  composing  those  cannon  could  be  attained  with  the  crude  means 
at  command  for  melting*  the  metal.  It  is,  however,  interesting  to  note  that,  in 
the  seven  specimens  taken  from  the  great  gun  at  Woolwich  which  have  been 
analysed,  only  traces  of  other  metals  than  copper  and  tin  have  been  discovered. 
Lead  and  iron  were  detected  in  minute  quantities,  and  traces  of  antimony  and 
arsenic  were  also  discovered ;  but  a  careful  examination  of  the  specimens  for  gold, 
silver,  and  zinc  failed  to  furnish  any  indication  of  the  presence  of  these  metals. 

Note  on  Lowhfs  Researches  on  the  Action  of  Sodium  Amalgam  $n  Oxalic  Ether, 
By  Alfred  It.  Cattoit,  M.A. 


On  Mitscherlich9s  Law  of  Isomorphism,  and  on  the  so-called  cases  of  Dimorphism, 
By  Alfred  R.  Catton,  M,A, 


On  the  Coal- Tar  Bases,     By  J.  Dewar. 

Last  vear  the  author  communicated  a  paper  to  the  Royal  Society  of  Edinburgh 
on  the  Oxidation  of  Phenol  by  Permanganate  of  Potash.  He  found  that  the  prin- 
cipal product  of  the  reaction  was  oxalic  acid,  mixed  with  a  small  quantity  of  an 
acid  giving  a  violet  reaction  with  (Fe2  Cl6)  ferric  chloride.  He  found  it  impossible 
to  procure  this  acid  in  quantity,  but  what  he  had  succeeded  in  making  had  the 
melting-point  and  reactions  of  salicylic  acid.  He  has  attacked  the  coal-bases  by 
the  same  reagent. 

Picoline  can  be  easily  attacked  by  permanganate  of  potash  at  100p  C.  The 
oxidation  products  are  ammonia,  nitric  and  carbonic  acid,  a  small  quantity  of 
volatile  acids,  oxalic  acid,  and  a  beautiful  crystalline  bibasic  acid,  which  the 
author  calls  Dicarbopyridenic.     The  empirical  formula  of  the  acid  is  pyridine 

plus  2  carbonic  anhydrides  or  typically  (CjHaN)^^.    It  is  a  seven-carbon  acid 

obtained  by  the  destructive  oxidation  of  a  six-carbon  compound.    The  formation 
of  this  acid  is  a  true  synthesis  by  oxidation,  comparable  to  the  elegant  synthesis 
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of  phtholic  acid  from  benzol  by  M.  L.  Carius.    The  oxidation  of  an  organic  f*ub- 
stance  may  therefore  give  rise  to  higher  compounds  during  its  passages  to 

NH3,  C02,  and   H20. 

Ammonia.  Carbonic  acid.  Water. 

The  author  will  examine  the  isometric  lutidine ;  one  or  other  should  give  the 
acid  with  great  ease.  He  believes  these  bases  to  be  produced  by  the  simultaneous 
action  of  hydrocyanic  acid  or  ammonia  on  acetylene  at  high  temperatures,  and 
intends  investigating  their  action.^   

On  Kekule's  Model  to  illustrate  Graphic  Formulas.  By  J.  Dbwar. 
The  author  exhibited  to  the  Section  a  model  devised  by  Professor  Kekule*  to 
illustrate  the  structure  of  organic  compounds.  He  explained  the  peculiarity  of  the 
model  consisted  in  carbon,  with  its  four  atomicities,  being  represented  bv  a  small 
sphere,  with  four  equal  wire  arms  joining  the  centre  of  the  spnere  with  the  angles 
of  an  imaginary  equilateral  tetrahedron ;  the  biatomic  and  triatomic  elements  by 
two  and  three  arms  in  a  plane  passing  through  the  centres  of  small  spheres ;  the 
lengths  of  these  arms  being  made  so  as  to  join  two  and  three  of  the  extremities  of 
the  carbon  arms.  In  order  to  exhibit  the  facility  with  which  the  model  could  be 
used  in  lecture  illustration,  he  demonstrated  to  the  Section  the  structure  of  a  number 
of  organic  compounds,  both  fatty  and  aromatic.  He  also  showed  the  ease  with 
which  it  could  De  applied  to  explain  the  differences  in  the  isomeric  cyanides  and 
similar  cases.  In  all  cases  the  model  gave  elegant  symmetrical  figures,  clearly 
showing  the  relations  of  the  different  groups  in  the  compounds.  He  afterwards 
referred  to  certain  peculiarities  of  the  model  of  some  importance.  The  anus 
attached  to  the  individual  atoms  might  be  looked  upon  as  unit  forces,  the  length 
of  the  arms  being  considered  as  bearing  some  relation  to  their  respective  magnitudes. 
Now  in  this  model,  although  the  specific  atom  has  its  unit  values  equal,  they  are  not 
the  same  as  the  unit  values  in  other  atoms.  In  other  words,  although  oxygen  is 
biatomic  and  can  saturate  two  units  of  the  carbon  atom,  it  is  represented  as  a  re- 
sultant and  not  as  a  sum.  This  prevents  the  student  from  confounding  the  number 
of  units  of  attacking  power,  ana  any  comparison  between  the  values  of  the  indi- 
vidual units  in  different  atoms.  The  author  concluded  by  advocating  the  judicious 
use  of  such  a  model  in  the  tuition  of  organic  chemistry,  as  a  great  aid  in  con- 
veying clear  and  definite  notions  on  the  acknowledged  intricate  questions  of  atomi- 
city and  chemical  structure.  __ 

On  the  Vapour-tension  of  Fortniate  of  Ethyl  and  of  Acetate  of  Methyl. 
By  W.  Dittmar. 

The  author  reports  on  experiments  instituted  for  determining,  by  direct  compa- 
risons, the  difference  of  the  vapour-tensions,  at  a  series  of  temperatures,  of  the  two 
metameric  ethers  named.  The  determinations  were  made  by  the  statical  method, 
and  the  apparatus  constructed  so  that  the  two  vapours  (enclosed  in  vertical 
glass  tubes)  pressed  against  each  other  through  one  continuous  mass  of  mercury, 
and  that  consequently  the  difference  in  tension  was  obtained  directly  by  the  mea- 
surement of  the  difference  of  level  of  two  menisci,  which  was  effected  by  means  of 
a  cathetometer. 

The  author,  after  detailing  the  methods  used  for  preparing  and  testing  the  sub- 
stances operated  upon,  gives  the  result  of  thirty  experiments  in  a  table,  of  which 
the  following  is  an  extract: — 

Tension  of  formiate=  f\    ,  jQ  ^  •       m*         *  ,1rtn 

Tension  of  acetate   =  a  }  at  l   C'  m  mAhma-  of  mercui7  of  1/f  C' 

*=+18      ....29-5  480        5515        690  7895 

/-«=  + 15*35.  ...21-6  30-1        415  5275        592 

The  results  lend  to  the  conclusion  that  at  temperatures  between  18°  C.  and  80°  C. 
the  vapour-tension  of  formiate  of  ethyl  is  greater  than  that  of  acetate  of  methyl, 
and  that  the  difference  increases  with  the  temperature. 
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On  the  Combustion  of  Gases  under  Pressure. 
By  Professor  Edward  Frankland,  Ph.D.,  F.B.S. 

The  author  commenced  by  stating  that  the  idea  of  the  paper  arose  from  obser- 
ving the  reduction  in  luminosity  when  a  candle  or  gas-flame  is  burnt  in  rarefied 
air,  and  the  law  deduced  therefrom  was  that  the  diminution  of  illuminating  power 
was  exactly  in  proportion  to  the  diminution  of  atmospheric  pressure.    Some  years 
am  while  the  author  was  on  the  summit  of  Mont  Blanc  at  night,  he  was  struck 
with  the  want  of  illumination  in  the  candles  burnt  in  the  tent  in  which  they 
stopped  for  the  night.    He  had  observed  similar  results  in  other  elevated  regions. 
The  diminution  of  the  illuminating  power  was  due  to  the  reduction  of  atmospheric 
pressure.     The  commonly  received  opinion  was  that  there  must  be  incandescent 
solid  substances  in  flames  in  order  to  produce  a  white  light ;  but  if  they  took  an 
ordinary  gas-flame,  and  placed  a  piece  or  paper  with  writing  on  it  behind  the  flame, 
looking  steadily  through  it,  they  would  be  aole  to  read  the  writing  as  well,  or  nearly 
as  well,  as  if  the  flame  were  not  there  at  all,  thus  showing  that  flame  was  transparent. 
In  following  out  this  subject,  he  had  been  brought  into  contact  with  a  number  of 
flames  which  emitted  a  considerable  amount  of  light,  but  which  did  not  contain 
any  solid  matter  whatever.     One  was  metallic  arsenic  burnt  in  oxygen  gas.     It 
emitted  an  intense  and  brillant  white  light.     Bisulphide  of  carbon  also  emitted 
a  very  intense  light  when  burnt  in  oxygen ;   indeed  so  intense  that  it  had  been 
employed  to  take  instantaneous  photographs.     This  was  produced  without  the 
possibility  of  a  solid  or  liquid  matter  existing  in  the  flame  while  the  light  was 
being  evolved.     If  oxygen  and  hydrogen  were  enclosed  in  a  soap-bubble  or  other 
light  envelope,  and  exploded,  there  was  scarcely  any  light  produced ;  but  if  they 
were  enclosed  in  a  strong  vessel  and  exploded  dv  means  01  an  electric  spark,  an 
intense  light  was  produced,  the  pressure  or  density  at  the  moment  of  explosion 
being  ten  times  as  great  as  that  in  the  previous  case.     Ignited  gas  emitted  light  in 
proportion  to  its  density.     The  luminosity  in  ordinary  flames,  such  as  those  of  gas 
and  candles,  the  author  considered  to  be  due  to  the  presence  of  dense  hydrocarbon 
vapours.    One  of  the  most  interesting  experiments  shown  was  that  of  sending  an 
electric  spark  first  through  air  under  ordinary  pressure,  and  then  through  air  under 
double  pressure.     The  result  was  that  the  light  of  the  spark  due  to  ignition  of  the 
air  was  very  much  increased.    The  spark  was  sent  also  through  many  other 
gaseous  and  vaporized  substances,  showing  most  conclusively  that  the  greater  the 
vapour-density  of  the  bodies  the  greater  was  their  luminosity  when  submitted 
to  ignition  by  the  electric  spark. 

On  Refraction-Equivalents  and  Chemical  Theories. 
By  J.  H.  Gladstone,  Ph.D.,  F.R.S. 

The  refraction-equivalent  of  a  substance  has  already  been  defined  before  the 
British  Association  as  the  refractive  index  minus  unity  divided  by  the  specific  gra- 
vity ;  and  the  largest  generalization  that  has  been  made  in  reference  to  the  matter 
is  that  the  refraction-equivalent  of  a  compound  is  the  sum  of  the  refraction-equiva- 
lents of  its  constituents.  If  this  were  universally  true,  it  would  be  easy  to  deter- 
mine the  equivalents  of  all  the  elements ;  but  it  is  certain  that  some  of  these  have 
more  than  one  manner  of  affecting  the  rays  of  transmitted  light.  * 

While  investigating  this  subject,  the  author  perceived  that  the  numbers  arrived 
at  for  different  elements  or  compounds  had  a  chemical  as  well  as  physical  interest, 
and  a  bearing  on  certain  chemical  theories. 

Thus  Roscoe  has  given  various  reasons  for  considering  vanadium  as  an  element 
analogous  to  phosphorus.  If  so,  it  might  be  expected  to  have  a  very  high  refrac- 
tion-equivalent. The  oxychloride  of  vanadium  was  examined  and  gave  the  num- 
ber 57-8,  which,  allowing  33  for  the  chlorine  and  oxygen,  leaves  24-8  as  the  equi- 
valent of  vanadium,  showing  an  amount  of  refraction  totally  different  from  that 
of  the  metals,  and  comparable  only  with  sulphur  and  phosphorus.  It  is  also,  like 
these  substances,  extremely  dispersive. 

Hydrogen,  in  the  mineral  acids,  such  as  sulphuric  and  hydrochloric,  has  the 
equivalent  37  j  but  in  organic  acids,  such  as  acetic  or  citric,  it  gives  only  1*3,  its 
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usual  equivalent  in  organic  bodies.  This  seems  to  indicate  a  difference  of  consti- 
tution in  these  two  great  classes  of  acids. 

The  well-known  group  of  metals,  iron,  nickel,  cobalt,  and  manganese  give,  in 
their  protosalts,  respectively  57,  58,  5-4,  and  59,  the  same  number  within  limits 
of  probable  error;  but  iron  in  its  ferric  salts  or  in  the  case  of  the  compound 
cyanides  gives  about  double  that  number.  A  similar  case  of  "  Diphotism  "  occurs 
with  manganese  in  its  ordinary  salts,  and  in  the  condition  of  permanganate  where 
it  was  determined  at  11*5.  Chromium  and  aluminium  belong  also  to  this  group, 
giving  analogous  numbers. 

There  is  no  appreciable  difference  in  the  refraction  of  solutions  of  tartaric  and 
racemic  acids;  tne  first  giving  45*25,  the  second  45*10. 

The  specific  refractive  energies  of  the  metals  already  examined  are  (with  one  or 
two  exceptions)  in  the  inverse  order  of  their  chemical  equivalents.  If  this  should, 
prove  to  oe  a  law,  it  may  be  the  means  of  deciding  between  the  multiple  numbers 
that  are  assigned  as  the  chemical  equivalents  of  certain  elements. 

Different  Spectra  of  one  Chromium  Salt.     By  It.  Gekstl. 


Note  on  Methyhcetonamine,  Ethylacetonamine,  and  Amylacetonamine. 
By  Frederick  Guthrie. 

Acetonamine  is  obtained  by  digesting-  acetone  for  many  days  in  a  large  flask 
containing  dry  ammonia,  and  evaporating  off  the  excess  of  acetone  in  a  water- 
bath.     The  composition  of  acetonamine  is  given  as  C9  II1?  N2. 

If  syrupy  acetonamine  be  mixed  with  iodide  of  methyl  heat  is  evolved,  and 
direct  union  ensues.  A  crystalline  body  is  formed,  soluble  in  water,  and  more  so 
in  alcohol,  which  is  found  after  purification  to  have  the  formula  C9Hl8Na 
(CIL  I)2,  or  iodide  of  methylacetonamine 

Iodide  of  amyl  gives  rise  to  a  similar  body,  but  the  formation  of  the  amyl 
compound  requires  the  application  of  heat.  The  iodide  of  amylacetonamine, 
G„  1^  Na  (C5  lin  I)a,  crystallizes  from  alcoholic  solution  in  pearly  scales.  Chloride 
of  amylacetonamine  may  be  formed  in  a  similar  manner. 

The  iodide  of  ethylacetonamine  is  more  difficult  to  obtain,  but  its  composition 
and  properties  are  similar  to  the  methyl  and  amyl  derivatives. 


Note  on  the  Vesicular  Structure  of  Copper, 
By  Dr.  Matthiessen,  F.R.S.,  and  Dr.  W.  J.  Russell,  F.C.S. 
At  the  Meeting  of  the  British  Association  at  Manchester,  the  authors  described 
some  experiments  on  the  vesicular  structure  of  copper,  and  showed  that  it  might  be 
produced  by  the  action  of  such  reducing-agents  as  nydrogen,  carbonic  oxide,  coal- 
gas,  and  charcoal  on  melted  copper  containing  suboxide.  Tne  numerous  experiments 
made  abundantly  proved  that,  with  pure  copper  fused  entirely  out  of  contact  with 
the  air,  no  vesicular  structure  is  produced ;  out,  on  the  other  hand,  if  fused  copper 
be  exposed,  even  for  a  moment,  to  the  air,  and  then  charcoal  be  thrown  upon  it,  or 
it  be  exposed  to  the  action  of  a  reducing-gas  as  it  cools,  then  vegetation  ana  spitting 
of  the  metal  is  always  produced,  and  it  is  found  to  be  more  or  less  vesicular. 
*  This  explanation  of  the  phenomenon  is  apparently  so  complete  and  satisfactory, 
that  the  authors  would  not  have  again  returned  to  the  subject  if  M.  Caron  had 
not  obtained  results  which  lead  him  to  conclusions  somewhat  different  from  theirs. 
He  fused  considerable  quantities  of  copper,  some  200  grms.,  in  a  boat  within  a  large 

Sracelain  tube,  and  was  able  to  observe  the  changes  which  the  copper  underwent, 
n  passing  a  current  of  hydrogen  or  carbonic  oxide  through  the  tube,  the  copper 
being  melted,  he  believes  that  an  absorption  of  these  gases  takes  place,  and  since 
they  are  entirely  given  out  again  on  the  metal  cooling,  this  elimination  of  the  gas 
causes  a  spitting  and  a  vesicular  structure  in  the  metal. 

M.  Caron  states  further,  that  when  the  vessel  which  contains  the  melted  copper 
is  made  of  graphite,  unglazed  porcelain,  or  lime,  there  is  no  vesicular  structure 
produced ;  in  fact,  as  far  as  his  experiments  go,  the  spitting  only  occurs  when  tho 
fusion  takes  place  in  a  glazed  porcelain  vessel.    The  authors  have  repeated  M. 
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Caron's  experiments,  and  can  fully  confirm  his  results  so  far  that,  when  copper  is 
fused  in  a  rapid  stream  of  hydrogen  and  in  a  graphite  boat,  the  copper  is  not 
vesicular,  but  when  fused  in  a  glazed  porcelain  boat,  there  are  cavities  in  the 
copper.  Supposing,  as  M.  Caron  does,  that  hydrogen  is  soluble  in  melted  copper, 
it  is  difficult  to  explain  how  this  solubility  is  diminished  to  such  an  extent  as  not 
to  be  appreciable  when  the  not  glazed  vessel  is  used.  Further,  there  is  no  doubt 
(for  it  is  an  experiment  that  has  been  repeated  many  times)  if  copper  be  fused  with  a 
layer  of  charcoal  over  it,  and  a  rapid  current  of  nydrogen  be  Dubbled  through  it, 
no  trace  of  the  vesicular  structure  is  visible.  From  the  experiments  they  ha*ve 
already  made  on  the  subject,  the  authors  feel  no  doubt  that  the  cavities  in  the 
copper  are  owing  to  a  decomposition  of  the  glaze ;  for  they  find  that  the  glaze  is 
always  much  acted  on  by  the  copper,  that  tne  cavities  are  always  in  the  lower 
part  of  the  ingot  where  it  is  in  contact  with  the  porcelain,  and  that  the  copper, 
instead  of  being  vesicular  throughout  its  mass,  is  very  dense  and  tough,  the 
cavities  full  of  crystals.  What  the  decomposition  is  which  takes  place,  and  how 
the  gas  comes  to  be  eliminated  in  this  way,  it  will  take  further  experiments  to 
explain,  but  the  authors  have  no  hesitation  in  saying  that  they  do  not  believe 
hydrogen  is  dissolved  at  all  by  melted  copper. 


On  Paraffin,  and  its  Products  of  Oxidation. 
By  Dr.  E.  Meusel  and  C.  Haughton  Gill,  F.C.S. 
Paraffin,  on  being  submitted  to  the  prolonged  action  of  dilute  nitric  acid,  or  of 
potassic  dichromate  somewhat  diluted,  and  sulphuric  acid,  becomes  gradually 
oxidized,  and  yields  a  number  of  fatty  acids,  the  hiphest  term  of  which  is  cerotic 
acid,  C"  H31  C)a,  and  the  lowest  acetic  acid.  The  oxidation  of  nitric  acid  also  gives 
rise  to  the  formation  of  succinic  and  anchoic  acids,  owing  to  a  secondary  action 
of  the  oxidizing  agent  on  the  cerotic  acid,  formed  by  the  first  oxidation  of  the 
paraffin. 

The  fatty  acids  which  are  formed  by  oxidation  of  the  hydrocarbons  are  sepa- 
rated from  unaltered  paraffin  by  converting  them  into  soda  soaps,  and  dissolving 
these  out  from  the  paraffin  by  dilute  alcohol.  They  are  then  separated  by  Ileintz's 
method  of  partial  precipitation,  the  cerotic  acid  being  finally  obtained  in  a  pure 
state  by  repeated  crystallization  from  a  mixture  of  alcohol  and  ether. 

The  paraffin  used  melted  at  50°  C,  but  could  be  separated  into  portions,  melt- 
ing higher  and  lower,  and  was  therefore  a  mixture  or  various  hydrocarbons.  It 
would  not  combine  directly  with  bromine,  though  its  hydrogen  was  easily  re- 
placed by  that  element.  It  formed  no  compound  with  sulphuric  acid,  either  fuming 
or  monohydrated.  From  all  which  experiments,  the  authors  concluded  that  paraffin 
is  a  mixture  of  various  hydrocarbons,  of  the  series  OH2»+2,  and  that  in  the 
sample  employed  there  was  one  term  of  the  series  having  a  carbon  condensation 
not  lower  than  equal  to  C27,  

On  a  Physical  Property  of  two  Coloured  Compounds. 
By  Dr.  Edward  Meusel. 
One  of  these  compounds,  consisting  of  mercuric  iodide  with  argentic  iodide,  is 
>btained  by  adding  argentic  nitrate  to  a  solution  of  mercuric  iodide  in  potassic 
odide.     A  yellow  precipitate  is  formed,  which,  well  washed  and  dried  at  a  low 
emperature,  turns  instantaneously  red  when  exposed  to  a  temperature  above  50J  C. 
Tne  other  compound,  consisting  of  mercuric  iodide  with  cuprous  iodide,  is  pre- 
>ared  in  the  same  manner,  with  the  difference  of  cupric  sulphate  being  added 
nstead  of  argentic  nitrate.     At  first  a  greenish-white  precipitate  is  obtained, 
rhich,  when  shaken  and  heated,  darkens,  gives  off  iodine  and  turns  red.     The 
itter  precipitate  is  as  sensitive  as  the  silver  compound,  and  rise  of  temperature 
auses  it  to  turn  black. 
Both  colours,  allowed  to  cool,  return  to  their  original  tint,  an  experiment  which 
tay  be  very  often  repeated  with  the  same  substance. 

^Besides  these  two  new  iodine  compounds,  the  author  has  found  corresponding 
les  containing  lead,  gold,  &c. 
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On  the  Manufacture  of  Sulphur  from  Alkali  Waste  in  Great  Britain. 
By  Dr.  Ludwig  Mond. 
The  author  called  attention  to  a  new  industry — the  recovery  of  sulphur  from 
alkali  waste,  which  had  made  very  rapid  progress  during  the  past  few  years.  The 
importance  of  the  subject  had  been  very  ably  pointed  out  in  1861  by  Mr.  Gossage, 
in  a  paper  "  On  a  History  of  Soda  Manufacture.'*  Mr.  Gossage  stated  that  two- 
fifths  of  the  total  cost  for  raw  materials  used  for  the  production  of  a  ton  of  soda- 
ash  was  incurred  for  pyrites  from  which  to  procure  a  supply  of  sulphur;  and  it 
was  well  known  that  nine-tenths  of  this  sulphur  was  retained  in  the  material 
called  alkali  waste,  which  was  thrown  away  by  the  manufacturer.  A  problem 
was  thus  presented  for  solution,  which,  if  it  could  be  effected,  would  cause  a  large 
reduction  in  the  cost  of  soda.  The  author  stated  that  the  problem  had  been  very 
near  a  satisfactory  solution,  and  called  attention  to  a  process  with  which  his  name 
was  connected,  lie  took  out  a  patent  in  18G3  for  the  process,  and  its  merits  had 
been  very  fully  recognized  in  this  countrv.  The  process  was  carried  out  in  the 
following  way : — The  first  product  of  Leblanc's  famous  process  for  the  manufac- 
ture of  soda,  called  rough soaa  or  black  a*h,  was  now  almost  universally  lixiviated 
with  water  in  an  apparatus  whieh  was  first  used  for  this  purpose  in  Great  Britain, 
and  was  composed  of  a  number  of  iron  tanks  connected  in  a  very  simple  manner 
by  pipes  and  taps,  &c,  so  as  to  allow  the  water  to  enter  a  tnnk  filled  with  black 
ash  already  nearly  spent,  and  thence  to  flow  through  others  filled  with  black  ask 
richer  and*  richer  in  alkali,  until  it  met  fresh  black  ash  in  the  last  tank,  thus 
becoming  an  almost  concentrated  solution  of  alkali  before  leaving  the  apparatus. 
The  alkali  waste,  or  insoluble  residue  of  the  black  ash,  remained  thus  in  the^e 
tanks  deprived  of  alkali,  and  as  it  had  been  immersed  in  the  liquor  throughout 
the  whole  time  of  lixiviation,  it  was  consequently  obtained  in  a  very  porous  con- 
dition. The  tanks  were  always  provided  with  a  ialse  bottom.  The  whole  process 
of  oxidation  and  lixiviation  of  the  waste,  though  it  was  repeated  three  times,  was 
finished  in  from  sixty  to  seventy-two  hours.  When  the  waste  left  the -tanks,  all 
the  recoverable  sulphur  had  been  token  out  of  it,  and  could  no  more  give  ri^c  to 
the  dreadful  exhalations  of  sulphuretted  hvdrogen,  or  to  tho  formation  of  those 
well-known  yellow  drainage  liquors  which  liad  hitherto  caused  the  waste  to  be  so 
great  a  nuisance,  the  one  poisoning  the  air  and  the  other  the  water  in  the  neiph- 
bourhood  of  the  vast  heaps  of  waste  surrounding  many  works.  Almost  all  the 
sulphur  left  in  the  waste  existed  in  the  form  of  sulphite  and  sulphate  of  calcium, 
which  were  both  innocuous  ;  and  together  with  the  carbonate  and  hydrated  oxide 
of  calcium,  as  well  as  with  a  little  scda,  alumina,  and  soluble  silica,  which  were  all 
to  be  found  in  tho  waste,  made  this  waste  a  very  valuable  manure  for  many  soils 
and  crops.  By  other  processes  which  the  author  explained,  he  obtained  sulphur 
of  a  dark  colour,  tho  waste  from  which  was  turned  to  advantage  and  made  com- 
paratively harmless.  By  the  author's  processes  fully  one-half  of  the  sulphur  con- 
tained in  the  waste  was  recovered.  The  cost  was  small.  A  plant  for  the  recovery 
of  10  ton 8  of  sulphur  per  week  would  be  about  £'800 ;  and  the  sulphur  could  be 
made  at  £1  per  ton.  The  recovered  sulphur  being  very  pure,  was  not  used  to 
replace  pyrites  in  the  manufacture  of  soda;  but  for  purposes  where  Sicilian  sulphrr 
or  brimstone  had  hitherto  been  employed,  this  Sicilian  sulphur  having  a  much 
higher  value  than  Ihe  sulphur  in  pyrites,  and  averaging  upwards  of  £G  per  ton. 
And  so  large  were  the  quantities  of  brimstone  used,  that  the  British  alkali  trade, 
in  spite  of  its  enormous  extent,  could  :>nly  produce  a  small  portion  of  the  sulphur 
yearly  exported  from  Sicily,  which  country  had  hitherto  haa  the  monopoly  or  the 
supply  of  this  article.  , 

On  Chloride  of  Methylene  obtained  from  Chloroform  ht/  means  of  Nascent 
Hydrogen.  By  W.  H.  Perkin,  F.R.S. 
From  the  history  of  mor.ocarbon  derivative,  as  it  stands  at  present,  it  would 
appear  that  there  exist  several  bodies  isomeric  with  each  other;  thus  we  have  the 
description  of  two  bromides  of  methyl,  the  one  liquid  and  the  other  gaseous  ;  two 
chlorides  of  methylene,  the  one  boiling  at  30o,5  C,  and  the  other  at  40°  C,  &c.  1\  t 
it  is  considered  oy  some  chemists  that  this  isomerism  is  improbable;  and  that 
these  substances,  if  reexamined,  would  be  found  to  be  identical 


Digitized  by 


Google 


TRANSACTIONS  OP  THE  SECTIONS.  41 

This  question  being  one  of  considerable  importance,  and  bearing  upon  the  nature 
of  the  derivative  of  not  only  carbon  but  probably  of  all  other  polyatomic 
elements,  the  author  commenced  a  fresh  examination  of  some  of  these  monocarbon 
derivatives,  hoping  that  an  experimental  comparison  of  their  properties  might  in 
some  decree  help  to  a  solution  of  this  problem. 

In  this  communication  only  a  short  account  was  given  of  some  experiments 
upon  the  chloride  of  methylene,  obtained  from  chloroform  by  means  of  nascent 
hydrogen,  and  which  had  been  previously  used  by  Dr.  Richardson  as  an  anesthe- 
tic. The  reagents  employed  were  powdered  zinc  and  ammonia,  which  react  with 
violence  upon  chloroform. 

The  chloride  of  methylene  obtained  by  this  method  boiled  at  about  40°#5  to 
41°  C,  and  would  therefore  appear  to  correspond  to  that  obtained  by  Butlerow 
from  the  iodide  of  methylene.  Its  formula  was  determined  by  combustion  and 
Gay-Lussac  vapour-densities,  and  these  gave  results  showing  it  to  have  the  com- 
position CII2  CLj. 

The  author  proposes  to  examine  the  products  of  decomposition,  and  also  to 
prepare  a  quantity  of  Regnault's  chloride  of  methylene  from  chloride  of  methyl 
and  chlorine,  that  he  may  compare  these  two  substances. 


Note  on  the  Preparation  of  some  Anhydrous  Sodium  Derivatives  of  the  Sali- 
cylic Series.     By  W.  H.  Perkin,  F.Ii.S. 

In  the  preparation  of  salts  or  other  metallic  derivatives  of  organic  bodies  by  means 
of  oxides,  there  is  always  an  equivalent  of  water  produced,  unless  the  substance 
acted  upon  be  an  anhydride ;  therefore  if  the  resulting  compound  has  any  tendency 
to  form  hydrated  products,  such  are  nearly  sure  to  be  produced,  and  it  often  happens 
that  it  is  difficult  or  impossible  to  remove  this  combined  water.  Having  to  pre- 
pare a  quantity  of  the  hydride-of-sodium  salicyl  in  an  anhydrous  state,  it  appeared 
desirable,  if  possible,  to  obtain  it  anhydrous  at  once,  and  thus  avoid  the  blackening 
and  loss  which  it  is  subject  to  unless  dried  very  rapidly.  This  object  was  effected 
by  employing  sodium-alcohol  instead  of  a  solution  of  hydrate  of  sodium,  alcohol 
only  being  liberated  when  this  substance  enters  into  double  decomposition  with 
the  hydride  of  salicyl.  The  hydride-of-sodium  salicyl  obtained  in  this  manner  is 
perfectly  anhydrous,  and  of  a  beautiful  pale  primrose-yellow  colour. 

By  treating  salicylic  acid  with  sodium-alcohol,  a  new  sodium  derivative,  crys- 
tallizing in  needles,  was  obtained.  This  product  contains  two  equivalents  of 
sodium,  and  therefore  corresponds  to  the  dimetallic  derivatives  of  Piria.  It  has 
the  following  composition,  C7  II4  Na2  03. 

Salicine  also  yields  a  sodium  derivative,  when  treated  with  sodium-alcohol, 
having  the  formula  Cl3  II17  NaOr  This  body  is  but  slightly  soluble  in  alcohol, 
and  not  very  crystalline.     It  is  deliquescent. 


On  Sulphocyanide  of  Ammonium.     By  Dr.  T.  L.  Phipson,  F.C.S. 

In  this  paper  the  author  alludes,  first,  to  the  estimation  of  sulphocyanogen  in 
a  mixture  of  sulphate,  chloride,  and  sulphocyanide  of  ammonium.  He  effects  this 
by  precipitating  the  slightly  acid  solution  by  a  mixture  of  equal  equivalents  of 
sulphate  of  protoxide  of  iron  and  sulphate  of  copper.  The  precipitate  dried  at 
100°  0.  contains  Cu2,  02  NS2. 

Attention  is  next  called  to  some  properties  of  sulphocvanide  of  ammonium. 
The  author  finds  that  this  salt  produces  a  great  degree  of  cold  in  dissolving  rapidly 
in  water.  Half  a  litre  of  water  at  90°  C,  poured  on  500  grms.  of  the  impure  salt 
extracted  from  gas-liquor,  caused  the  thermometer  to  sink  to  2°.  In  a  more  exact 
experiment,  35  grms.  of  pure  sulphocvanide  of  ammonium,  stirred  rapidly  with 
,35  cub.  centims  of  water  at  +26°  C,  tne  thermometer  descended  in  a  few  seconds 
to  — 10° ;  the  moisture  of  the  atmosphere  condensed  itself  in  plates  of  thin  ice  on 
the  exterior  of  the  glass  vessel. 

It  is  next  shown  that  the  alcoholic  solution  of  this  salt  presents  the  peculiar 
phenomena  of  supersaturation  in  the  highest  degree. 
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The  actios  of  iodine,  bromine,  and  chlorine  upon  sulphocyanide  of  ammonium  is 
very  remarkable.  These  bodies  are  absorbed  in  largo  quantities  by  the  concen- 
trated aqueous  solution  of  the  salt,  and  when  it  is  heated  the  compound  called 
•ulphooyanogen  is  precipitated.  This  was  submitted  to  analysis,  with  the  fol- 
lowing results : — 

Phipson.  Calculated. 

Carbon 2000  19-83 

Hydrogen     0-78  0-82 

Nitrogen 2320  2314 

Sulphur    5300  52-48 

Oxygen    302  3-73 

100-00 

which  agrees  with  the  formula  C*  Ha  N*  SH  O,  formerly  admitted  by  Herr  Voelkel, 
and  not  with  that  of  Laurent  and  Gerhard t,  which  demands  24  or*  N,  and  nearly 
65  of  S  (C8  Ns  US6) ;  these  authors,  however,  estimated  only  the  CII  and  S ;  their 
nitrogen  was  obtained  by  difference. 

In  dilute  solutions  the  action  of  chlorine  oxidizes  the  sulphur  of  the  sulphocya- 
nide, and  no  precipitate  is  formed. 

The  crystals  of  sulphocyanide  of  ammonium  appear  to  be  derived  from  the 
right  rectangular  prism  j  they  are  often  very  tine,  and  sometimes  grouped  to- 
gether in  wide  crystalline  plates  several  inches  broad. 


General  Outline  of  an  original  System  of  Chemical  Philosophy,  comprising 
the  Determination  of  the  Volume- equivalents,  as  also  a  netu  Theory  of  the 
Specific  Volumes  of  Liquid  and  solid  Substances.  By  Otto  Richter, 
Ph.D. 

In  this  paper  the  author  proceeds  upon  the  hypothesis  that  the  chemical 
elements  consist  not  of  individual  atoms,  but  of  entire  groups  of  such  atoms,  in 
other  words,  of  molecules.  The  various  kinds  of  elementary  molecules  agree  in 
being,  each  and  all,  built  up  of  precisely  the  same  number  of  atoms,  which  are 
symmetrically  disposed  with  reference  to  the  three  axes  of  space,  according  to  the 
same  fundamental  plan  of  arrangement.  The  constituent  atoms  of  these  elementary 
molecules  are  each  and  all  endowed  with  the  same  three  fundamental  properties  of 
gravity,  original  elasticity,  and  electrical  energy,  and  these  properties  vary  in  range 
and  intensity  with  each  species.  In  harmony  with  the  common  practice,  the 
chemical  elements  are  divided  into  the  two  principal  classes  of  the  metals  and  the 
non-metals,  represented  respectivelv  by  the  general  formula  Mt2  and  Nt,.  The  con- 
stituent atoms  of  the  molecules,  from  the  simplest  to  the  most  complex,  are  fur- 
ther supposed  to  be  in  a  perpetual  state  of  vibration,  in  which  they  perform  a 
series  of  periodical  contractions  and  expansions,  and  thus,  in  their  final  effect, 
establish  between  contiguous  molecules  a  permanent  tendency  to  repulsion,  the 
result  of  which  is  the  formation  of  a  certain  space  round  the  centre  of  each  mole- 
cule, which  constitutes  its  specific  volume,  and  is  always  directly  proportional  to 
the  number  of  atoms  set  in  motion.  The  volume-equivalents  represent  the  maxi- 
mum specific  volumes  which  the  elementary  molecules  are  capable  of  realizing  ; 
and  the  peculiar  force,  under  the  influence  of  which  the  vibratory  movements  of 
the  atoms  may  ad  libitum  be  arrested  or  restored,  is  called  "  the  paralytic  force.11 
The  order  in  which  this  force  performs  its  operations  in  the  complex  molecules 
materially  depends  upon  the  particular  position  which  the  various  constituents 
occupy  in  the  system  relatively  to  each  otner.  This  law  of  Rankorder  is  indicated 
in  the  table  of  chemical  equivalents,,  in  so  far  as  any  chemical  element  which 
stands  to  the  left  or  to  the  right  of  any  other  is  supposed  to  occupv  in  a  certain 
sense  a  similar  position  in  comparison  with  any  other  with  whicn  it  happens  to 
be  associated  as  a  constituent  member  of  the  same  type.  The  science  of  cnemistjy 
is  divided  into  two  parts,  "Pondo-chemistry  and  Impondo-cheniistry."  The  former 
treats  exclusively  of  the  molecular  arrangement  of  the  constituents,  the  latter  exclu- 
sively of  their  specific  volumes.  Pondo-chemistry  is  divided  into  the  two  principalsec- 
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tions  of  meta-chemistry,  which  is  subject  to  the  dominion  of  the  principle  of  polarity, 
and  includes  eleven  distinct  types,  and  of  para-chemistry,  which  is  subject  to  tne 
principle  of  parality,  and  includes  three  distinct  types  or  forms  of  molecular  group- 
ing. After  giving  a  general  description  of  these  various  types,  the  author  discusses  the 
law  of  volume-harmony,  according  to  which  the  volumes  of  the  constituent  members 
of  a  given  volume-harmonious  molecule  are  always  reducible  to  some  simple  ratio 
contained  in  the  volume-harmonious  scale:  l:*nxl  j  1  :mx2;  2:mx3;  3:  mx4; 
4 :  mX  5 ;  5 :  wi  x  0 ;  0 :  m  X  7,  where  m  represents  some  integral  number.  ,  The 
volume-harmonious  molecules  are  divided  into  two  classes.  The  first  class  com- 
prises all  those  compounds  where  the  water  of  crystallization  is  excluded,  and  the 
second  class  all  those  compounds  where  the  water  of  crystallization  is  present.  As 
regards  the  latter  class,  it  is  a  characteristic  peculiaritv  that  in  the  process  of 
reduction  the  saline  molecule,  with  every  fresh  addition  of  one  molecule  of  water  of 
crystallization,  experiences  a  loss  in  volume  amounting  always  to  a  constant  quan- 
tity. This  quantity  remains  unaltered  so  long  as  this  loss  in  volume  is  caused  by 
the  successive  paralysation  of  its  envelope-molecules;  but  when  this  process  of 
reduction  extends  to  the  molecules  of  the  nucleus,  the  constant  quantity  in  some 
cases  continues  the  same,  but  in  general  it  merges  into  another  constant  quantity. 
Further  details,  in  particular  as  regards  the  various  conditions  and  rules  intended 
to  guide  the  student  in  the  volume-analysis  of  the  molecules  belonging  to  the  para- 
chemical  system,  are  contained  in  the  original  paper. 


Analysis  of  the  Boman  Mortar  of  Burgh  Castle,  Suffolk. 
By  John  Spiller,  F.C.S. 

The  samples  of  ancient  Roman  mortar  which  form  the  subject  of  this  memoir, 
were  detached  for  the  purpose  of  analysis  in  the  years  1803  and  1800.  They  all 
had  the  reddish  colour  (due  to  the  admixture  of  pounded  brick)  which  is  con- 
sidered to  be  characteristic  of  a  Roman  origin.  The  details  of  construction,  dimen- 
sions, and  other  particulars  relating  to  Burgh  Castle,  the  Garianonum  of  the 
Romans,  were  briefly  described,  and  a  water-colour  sketch  of  the  castrum  exhi- 
bited. The  walls,  which  are  of  rubble  masonry  and  about  six  feet  in  thickness, 
are  faced  with  flints  and  triple  layers  of  red  tiles,  set  with  great  regularity. 

Adopting  Mr.  0.  Roach  Smith's  opinion  respecting  the  antiquity  of  the  cas- 
trum,  the  chemical  problem  resolved  itself  into  a  study  of  the  following  leading 
points  in  reference  to  the  hardening  of  the  mortar,  and  changes  occurring  during 
a  period  of  about  fifteen  centuries,  viz. : — 

1st.  To  what  extent  the  hydrate  of  lime  becomes  recarbonated  by  exposure  to 
air? 

2nd.  What  is  the  physical  condition  of  the  carbonate  so  produced  P  and 

3rd.  Whether  in  this  long  interval  the  silica  and  lime  can  directly  unite  with 
each  other  ? 

The  conclusion  to  which  the  author  was  led  by  the  chemical  examination 
of  the  ancient  mortars  from  Burgh,  Pevensey,  and  other  Roman  castra,  is  that  the 
lime  and  carbonic  acid  are  invariably  united  in  monatomic  proportions  as  in  the 
original  limestone  rock,  and  that  there  is  no  evidence  of  the  hydrate  of  lime 
having  at  any  time  exerted  a  power  of  corroding  the  surfaces  of  sana,  flint,  pebbles, 
or  even  of  burnt  clay,  with  which  it  must  have  been  for  longthened  periods  in 
contact.  Further,  that  the  water  originally  combined  with  the  lime  has  been 
entirely  eliminated  during  this  process  of  recarbonation,  and,  this  stage  passed,  the 
amorphous  carbonate  of  Time  seems  to  have  become  gradually  transformed  by  the 
joint  agency  of  water  and  carbonic  acid  into  more  or  less  perfectly  crystallized 
deposits  or  concretions,  by  virtue  of  which  its  binding  properties  must  have  been 
very  considerably  augmented. 

The  analytical  method  was  described,  and  the  following  results  were  reported  as 
expressing  the  composition  of  the  Roman  mortar,  and  also  of  the  red  bricks  or 
tiles,  which  are  remarkable  for  their  fine  texture  and  excellent  manufacture. 
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Analysis  of  the  Roman  Mortar  from  S.E.  Tower,  Burgh, 

I. 

Sand   54-50 

Soluble  silica^ 040 

Red  brick  with  some  unbiirat  clay    1800 

Carbonate  of  lime 25*75* 

Sulphate  of  lime  0*15 

Carbonate  of  magnesia 008 

Chloride  of  sodium 005 

Magnetic  oxide  of  iron  I  t 

Wood  charcoal  f  * iraces 

Water,  chiefly  hygroscopic 0'02 

Total 09-85 

Other  Samples  of  Burgh  MoHar. 

n.    in.    iv. 

Sand  and  brick,  with  a  little  unburnt  clay    . .  72*3    71*4    67*0 
Carbonate  of  lime,  &c  (by  difference)   27*7    286    330 

Samples  II.  and  III.  were  taken  from  the  south  wall ;  specimen  IV.  from  tho 
north  wall. 

Red  Brick,  or  Tile,  from  S.E.  Tower,  Burgh. 

Silica    72-7 

Alumina 140 

Peroxide  of  iron      100 

Lime    21 

Magnesia  )  . 

Oxide  of  manganese  J     races 

Alkalies  and  loss 12 

1000 

On  the  Absorption  of  Oases  by  Charcoal.     By  Dr.  R.  Angus  Smith,  F.R.S. 

The  author  said  that  he  had  somewhat  further  extended  his  inquiries  into  the 
laws  of  absorption  of  gases,  as  shown  by  charcoal.  He  had  some  years  ago  said 
that  he  believed  the  actions  were  on  the* border  between  chemistry  and  physics,  or 
that  physical  phenomena  were  an  extension  of  the  chemical.  Last  year,  in  a  short 
note,  he  stated  that  the  gases  which  he  tried  were  absorbed  in  whole  volumes,  or 
volumes  which  were  multiples  of  hydrogen.  He  had  now  tried  other  gases,  with 
the  following  results: — Hydrogen,  1 ;  oxygen,  7*09;  carbonic  oxide, 0*03;  carbonic 
acid,  2205 ;  marsh-gas,  1001 ;  nitrous  oxide,  12*90 *.  sulphurous  acid,  36*95 ;  com- 
mon air,  40*063.  Nitrogen  was  found  to  be  4*27 ;  probaoly  this  is  a  little  too  low, 
as  there  is  always  some  nitrogen  left  in  the  heated  charcoal.  These  numbers  are 
pot  by  dividing  the  number  of  volumes  absorbed  by  each  gas  by  the  volumes  of 
hydrogen  absorbed,  ff  hey  are  an  average  of  many  experiments.  The  numbers  in 
some  cases  differ  considerably ;  it  is  supposed  that  the  reason  lies  in  the  constitu- 
tion of  the  charcoal,  but  it  may  be  partly  owing  to  the  mode  of  working. 

He  considered  that  the  ultimate  particles  of  gas  rested  as  strata  or  layers  in  the 
charcoal ;  the  outer  particles  were  therefore  less  forcibly  held  than  the  more  dis- 
tant The  latter  were  also  most  difficult  to  remove.  If  this  physical  action  had 
an  analogy  with  chemical  action,  it  would  probably  throw  flight  upon  it,  and  it 
seemed  to  point  to  compounds  containing  parts  held  together  more  or  less  loosely 
than  other  parts.  The  gas  and  charcoal  form  such  a  compound,  which  in  a  sense  is 
not  purely  chemical 

Two  of  the  numbers  seem  to  be  very  remarkable ;  namely,  those  of  oxygen  and 
carbonic  acid,  as  the  volumes  are  exactiv  those  of  the  weights  ofoxvgen  in  water  and 
of  an  atom  of  carbonic  acid.     Eight  volumes  of  oxygen  are  128  times  heavier  than 

*  Found,  lime  14*5,  carbonic  acid  11*25  per  cent. 
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one  volume  of  hydrogen  ;  the  gases,  therefore,  do  not  seem  to  be  taken  up  accord- 
ing to  their  atomic  weights.  By  attention  to  this,  he  hoped  that  some  lignt  would 
be  thrown  on  the  physical  atomic  constitution  of  bodies. 

In  a  practical  point  of  view,  he  hoped  to  gain  by  the  inquiry  some  knowledge 
of  the  phenomena  of  spontaneous  combustion  to  which  several  substances  are  sub- 
jected. 

Experiments  on  the  absorption  of  mixed  gases  had  been  made,  but  were  left  for 
future  description,  and  also  those  on  the  extrusion  of  one  gas  by  another. 

Experiments  on  salts  were  not  sufficiently  telling,  and  a  better  mode  of  making 
them  had  to  be  found ;  but  it  was  clear  to  him  that  the  charcoal  took  up  most 
readily  those  oxides  the  metals  of  which  were  less  inclined  to  oxidize.  The  com- 
binations being  weaker,  the  bases  were  removed  from  the  acid,  a  struggle  against 
chemical  action  existing.  In  other  words,  an  action  with  little  chemical  character 
opposed  itself  to  the  purely  chemical,  and  by  aid  of  mass  gained  something,  a  phe- 
nomenon which  is  frequent  whenever  chemical  action  is  weak,  and  one  which  in- 
terferes much  with  exactness  in  analysis. 


On  the  Action  of  Nuclei  in  inducing  Crystallization. 
By  Chakles  Tommnson,  F.M.S. 

It  had  been  noticed  during  the  last  three-quarters  of  a  century  that  solids  acted 
as  nuclei  in  liberating  gases  from  their  solutions  (soda-water,  champagne,  &c), 
or  in  inducing  crystallization  in  saline  solutions,  only  under  certain  conditions.  If 
they  had  been  previously  exposed  to  the  air,  they  were  "  active ;''  if  kept  in  water, 
and  dried  out  of  contact  with  the  air,  or  if  passea  through  flame,  or  boiled  up  with 
the  saline  solution,  they  become  "  inactive  "  as  nuclei.  Hence  it  was  supposed 
that  there  was  some  mysterious  property  in  the  air  which  converted  "  inactive  " 
into  "  active  "  nuclei. 

The  author  explains  the  action  of  nuclei  with  reference  to  differences  in  the  force 
of  adhesion  acting  on  chemically  clean  or  chemically  unclean  surfaces.  If  chemi- 
cally clean,  the  solution,  whether  of  gas  in  water  or  of  salt  in  water,  will  adhere  to 
sucn  surfaces  as  a  whole,  and  there  will  be  no  separation  either  of  gas  or  of  salt. 
But  if  by  exposure  to  the  air,  or  by  handling,  &c,  a  nucleus,  such  as  a  glass  rod,  be 
made  chemically  unclean,  the  force  of  adhesion  will  be  different.  The  gas  or  the 
salt  of  the  solution  will  adhere  to  the  unclean  surface ;  the  water  of  the  solution 
will  not  do  so,  or,  at  any  rate,  but  feebly ;  hence  there  will  be  a  separation  of  the 
gas  or  of  the  salt,  and  the  nucleus  will  be  "  active  "  when,  in  fact,  it  is  simply 
unclean. 

When  supersaturated  solutions  are  kept  in  clean  tubes  and  protected  from  the 
air  by  having  the  mouths  plugged  with  cotton- wool,  many  of  them  may  be  kept 
during  a  long  period  without  any  separation  of  the  salt.  They  may  even  be  re- 
duced to  low  temperatures,  approaching  zero  (Fahr.),  without  change  of  state; 
During  a  rising  barometer  air  enters  the  tubes,  the  cotton-wool  filtering  it  from 
the  motes  and  dust  which  act  as  nuclei^  the  air  itself  not  being  a  nucleus.  During 
a  falling  barometer,  on  the  contrary,  air  escapes  from  the  tubes,  and  drags  away 
with  it  some  of  the  aqueous  molecules  of  the  solution.  The  effect  of  this  action, 
then  repeated,  is  to  depress  the  liquid-surface  and  leave  a  ring  of  salt  just  above  it. 
This  salt  being  chemically  clean  does  not  act  as  a  nucleus  to  the  rest  of  the  solu- 
tion; and  the  latter  being  supersaturated  does  not  dissolve  it  We  may  even 
lower  clean  crystals  of  the  salt  (the  magnesic  sulphate  is  well  adapted  to  the  expe- 
riment) into  a  cold  highly  supersaturated  solution,  without  anv  action  on  their 
part  as  nuclei  in  inducing  crystallization.  The  author  described  two  experiments 
of  this  kind  with  magnesic  sulphate  j  and  in  answer  to  an  objection  that  in  nursing 
a  crystal  of  alum,  for  example,  we  must  be  dealing  with  chemically  clean  surfaces, 
lie  snowed  that  in  such  a  case  none  of  the  conditions  of  chemical  purity  were  ob- 
served ;  the  evaporating-dish  and  the  solution  exposed  to  the  air  were  chemically 
unclean,  as  was  also  the  hair  by  which  the  crystal  was  suspended,  while  the  crystal 
itself  was  frequently  handled,  and  abnormal  growths  chipped  off  with  the  thumb- 
nail ;  the  result  of  all  this  being  the  production  of  an  onaque  octahedron  from 
the  deposit  of  a  multitude  of  minute  crystals  upon  chemically  unclean  facets. 
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The  author's  definition  of  a  chemically  clean  surface  is  as  follows : — 
A  chemically  clean  surface  is  one  that  has  on  it  no  film  or  coating-  of  any  sub- 
stance whatsoever  foreign  to  its  own  composition.  As  oxidation  by  the  air,  organic 
matter,  and  floating  motes  are  the  most  usual  forms  of  films,  it  maybe  said  loosely, 
that  any  substance  that  has  been  exposed  for  some  time  to  the  air  is  chemically 
unclean ;  but  speaking  strictly,  a  film  of  any  foreign  matter  will  render  a  surface 
unclean  for  some  conditions  or  other  in  the  experiments  in  hand. 

A  chemically  unclean  surface,  then,  may  be  generally  defined  as  anything  that 
is  exposed  to  the  products  of  respiration  or  of  combustion,  or  to  the  touch,  or  to 
the  motes  and  dust  of  the  air,  and  so  becomes  covered  with  an  invisible  film  more 
or  less  organic.  So  also  any  vessel  or  surface  wiped  with  a  cloth  that  has  been 
exposed  to  the  air  is  chemically  unclean. 


Note  on  Sect-water.     By  Professor  J.  A.  WajcxlYn. 

It  has  been  shown  during  the  past  year  that  deep  spring- water  contains  no  organic 
nitrogenous  matter,  and  tnat  tne  water  of  rivers  and  lakes  contains  nitrogenous 
organic  matter  in  the  proportion  of  about  one  part  of  nitrogenous  organic  matter  to 
a  million  of  water.  The  water  of  the  sea  contains  about  one  hundred  times  as  much 
solid  matter  as  the  water  of  rivers  and  lakes.  The  author  asked  himself  the  ques- 
tion whether  the  nitrogenous  organic  matter  increases  in  anything  like  that  pro- 
portion. An  examination  of  sea-water  collected  off  the  coast  of  Devonshire  (at 
Teignmoutb)  has  been  made  accordingly,  with  the  object  of  answering  this  query. 
The  result  is  that  there  is  about  double  or  treble  as  much  nitrogenous  organfo 
matter  in  sea-water  j  so  that  the  total  solids  increase  far  more  rapidly  than  the 
organic  matter. 

Researches  on  the  Ethers.    By  Professor  J.  A.  Wanklyh* 

Five  cubic  centimetres  of  good  acetate  of  ethyl  and  0-8  grm.  of  sodium  were 
sealed  up  in  a  small  glass  tube,  and  then  heated  in  the  water-bath  to  10CP  C.  until 
all  the  sodium  had  disappeared.  The  tube  was  then  opened  under  water,  and  the 
gas  which  escaped  measured  25  cubic  centims.  at  the  ordinary  temperature  of  the 
air.  Reduced  to  0°  C.  and  700  millims.  pressure  (dry),  the  volume  of  the  escaped 
gas  is  about  28  cubic  centims.  If  the  volume  of  hydrogen  which  is  equivalent  to 
0*3  grm.  of  sodium  be  calculated,  it  will  be  found  to  be  about  140  cubic  centims. 
Therefore  this  experiment  establishes  the  feet  that  there  is  no  evolution  of  hydro- 
gen as  a  main  product  of  the  action  of  sodium  on  acetic  ether.  Moreover  tie  28 
cubic  centims.  of  gas  which  escaped  must  be  regarded  as  due  to  traces  of  alcohol 
in  the  acetic  ether,  and  not  as  arising  from  minor  secondary  reactions  on  the  acetic 
ether.  About  2  per  cent,  of  alcohol  present  in  the  acetic  ether  (and  such  a  quan- 
tity was  very  probably  there)  is  sufficient  to  account  for  28  cubic  centims.  of  hy- 
drogen. Another  sample  of  acetate  of  ethyl,  which  had  been  very  carefully  pre- 
pared, evolved  no  gas  at  all  when  acted  on  by  potassium  or  sodium. 

Acetate  o*  Amyl  and  Sodium. — The  acetate  of  amyl  was  very  carefully  deprived 
of  all  traces  of  amylic  alcohol  by  being  treated  with  glacial  acetic  acid  and  hydro- 
chloric-acid gas.  After  this  treatment  it  gave  correct  numbers  on  titration."  0*6 
grm.  of  sodium  and  11  cubic  centims.  of  acetate  of  amyl  were  sealed  up  in  a  small 
tube  and  heated  to  10CP  C,  until  all  the  sodium  had  dissolved  ;  the  tube  was  then 
opened  under  water.  Not  a  trace  of  gas  was  evolved.  (Calculating  the  quantity 
of  hydrogen  equivalent  to  the  0*0  grm.  of  sodium,  it  will  be  found  to  exceed  260 
cubic  centims.) 

Buttfrate  of  Ethyl  and  Sodium. — The  ether  boiled  at  118°#5  0.,  and  was  conse- 
quently the  normal  (not  the  iso-)  butyrate.  On  being  titrated  it  gave  very  convct 
numbers.  87  grms.  of  this  butyric  ether,  7*5  grms.  of  sodium,  and  40  cubic  cen- 
tims. of  dry  common  ether, 

0,11,1  0 
were  sealed  up  and  heated  very  gently  in  the  water-bath,  and  shaken  up  well 
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during  the  progress  of  the  reaction.  The  sodium  dissolved  without  any  evolution 
of  gas.    The  experiment  was  repeated  with  the  same  result. 

valerianate  of  Ethyl  and  Sodium. — There  is  not  the  slightest  evolution  of  gas 
when  these  materials  act  on  one  another. 

Benzoate  of Ethyl  and  Sodium. — Pure  benzoic  ether  and  sodium  and  common 
ether  were  sealed  up  and  heated  in  the  water-bath.  There  was  action,  but  no  evo- 
lution of  gas. 

From  these  experiments  it  is  abundantly  evident  that  free  hydrogen  forms  no  part 
of  the  product  of  the  action  of  sodium  on  the  ethers  of  the  fatty  and  aromatic  acids. 

All  the  modes  of  explaining  the  action  of  sodium  on  acetic  ether  adopted  by 
Geuther,  Frankland,  and  Duppa  must  therefore,  in  the  author's  opinion,  be  aban- 
doned. The  memoirs  of  these  chemists  agree  in  representing  the  action  of  sodium 
as  consisting  in  the  evolution  of  an  equivalent  of  hydrogen  for  every  equivalent  of 
sodium  consumed.  Thus  Geuther  writes  the  following  equation  to  express  the 
action  of  sodium  on  acetic  ether : — 

Aoetio  ether.  Ethylate  of  sodium.      New  body. 

2C4H802  +  Naa  =  NaC2HflO  +  CflH903Na  +  H,. 

Frankland  and  Duppa  write  : — 

40,1^0,  +  Na,  =  2C3H60  +  2CfH,0,Na  +  H2. 
Also: — 

2C4H8Oa  +  Na,  =  CH.0  -f  C^H^Na,  +  Ha. 
Also : — 

2C4H802  +  Na,  =  2C4H7Na02  +  H2. 
Also: — 

C4H802  +  Na,  =  C.HeNajO,  +  H,. 

All  these  equations  affirm  the  evolution  of  as  many  equivalents  of  hydrogen  as 
there  are  equivalents  of  sodium  consumed.     From  this  view  the  author  dissented. 

In  order  to  account  for  the  different  results  given  by  the  eminent  chemists  just 
referred  to,  it  will  perhaps  be  enough  to  make  the  remark  that  they  appear  to 
have  omitted  to  measure  the  equivalent  of  hydrogen,  which  nevertheless  ap- 
pears in  their  equations*.  The  author  on  former  occasions  represented  the  action 
of  sodium  on  valerianic  ether  as  consisting  in  the  replacement  of  the  acid-forming 
radical  by  sodium  and  the  generation  of  free  valeryl  or  sodium-valeryl,  according 
to  circumstances.  A  mode  of  representation  of  this  kind  will  have  to  be  adopted 
by  chemists  for  the  explanation  of  the  reaction  between  sodium  and  acetic  ether, 
ueuther,  Frankland,  and  Duppa  agree  (here  the  agreement  rests  on  an  expe- 
rimental basis)  in  representing  a  body  having  the  formula  CL  H^  03  Na  as  a 
product  of  the  action  of  sodium  on  acetic  ether.  Geuther  obtained  and  analyzed  it, 
and  also  the  hydrogen,  ethyl,  and  methyl  derivatives  of  it.  He  also  prepared  some 
derivatives  containing  various  heavy  metals ;  and  he  investigated  quantitatively  a 
very  interesting  decomposition  in  which  water  plays  a  part,  and  in  which  acetone, 
alcohol,  and  carbonic  acid  are  produced.  Frankland  ana  Duppa  have  prepared  the 
ethyl  derivative.  Altogether  it  is  well  made  out  that  C0  H9  Q,  Na  is  produced,  and 
that  it  is  the  main,  if  not  the  only,  new  compound  directly  resulting  from  the  action 
of  sodium  on  acetic  ether.  Very  complicated  names  have  been  given  to  it,  viz. 
"  aethylen-dimethylencarbonsaure-natron  "  by  Geuther,  and  "  ethylic  sodacetone- 
carbonate  "  by  Frankland  and  Duppa.  On  making  an  inspection  of  the  formula 
it  will  be  seen  that  it  is  equal  to  three  equivalents  of  acetyl  and  one  of  sodium, 

CflH903Na  =  (C2II30)3)  . 

Naf  ' 

*  More  than  twenty-four  years  ago  Lowig  and  Weidmann  investigated  the  action  of  no* 
tassium  on  acetic  ether,  and  arrived  at  the  result  that  ethylate  of  potash  and  a  potash-salt  of 
a  new  organic  acid  is  the  product,  and  that  no  gas  is  given  off.  (Ann.  der  Chem.  und  Pharm. 
vol.  xxxvi.  p.  297.)  In  1864  (Journ.  Chem.  Soc.  vol.  ii.  p.  371)  I  called  attention  to  these 
old  researches  and  confirmed  the  result  in  a  general  way.  I  showed  that  sodium  and  aoetio 
ether  might  be  heated  in  a  bath,  the  temperature  of  which  was  130*  C,  without  any  consider* 
able  evolution  of  gas  of  any  kind. 
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and  its  production  from  acetic  ether  and  sodium  admits  of  the  following  formu- 
lation : — 

Acetic  ether.  Ethylate  of  soda.    Sodium  triacetyl. 

3C2II3OI  ft    ,    Ko    _  q      Nal  n    ,  Na) 

Vh3[  °  +  ^  -  3caH3[  °  +  (C2n3o)3l  • 

No  other  equation  is  capable  of  rendering  a  rational  account  of  the  production  of 
C6 II9  03  Na  from  acetic  ether  and  sodium  without  necessitating  the  assumption  that 
there  is  evolution  of  hydrogen.  This  equation  affirms  that  3  equivalents  of  ethy- 
late of  soda  are  complementary  products  to  1  molecule  of  the  new  compound  ;  also 
that  4  equivalents  ot  sodium  are  required  to  give  1  equivalent  of  sodium  in  the  form 
of  new  salt  The  following  experiments  accord  with  these  conditions.  The  author 
took  2*4  grms.  of  sodium  and  dissolved  it  in  excess  of  acetic  ether  in  presence  of  dry 
common  ether  used  as  a  diluent.  When  the  reaction  was  over,  water  was  added, 
by  which  means  of  course  ethylate  of  soda  would  be  transformed  into  caustic  soda 
and  alcohol,  more  or  less  of  the  caustic  alkali  becoming  acetate  of  soda  by  action 
on  the  excess  of  acetic  ether.  The  difference  between  the  total  amount  of  sodium 
employed  and  the  sum  of  the  amount  of  sodium  found  as  caustic  soda  and  as  acetate 
of  soda  gives  the  quantity  of  soda  forming  the  new  compound.  The  following  is  a 
tabular  statement : — 

grms. 
Sodium  found  caustic   =  156 

„  as  acetate =  024 

„  as  new  compoimd  =  0*60 

Sodium  employed 2*40 

Ratio  of  sodium  employed  to  sodium  as  new  compound: — 

2-40    :    000, 

or  4:1. 

\  similar  experiment  with  potassium  and  without  common  ether  as  a  diluent 
furnished  an  analogous  result : — 

grms. 

Potassium  found  caustic    =  1*69 

,;  as  acetate =  0-28 

„  as  new  compound  =  0*04 

Potassium  employed  =  251 

2ol  :  0*64  : :  392  :  1. 

Sodium  triacetyl,  C6  HB  03  Na,  admits  of  beinjj  regarded  in  different  lights.  For 
instance,  it  may  be  written  thus,  (C2 II3  0)a  Na'  ,  wherein  the  sodium  is  represented 
as  being  triatomic,  or  it  may  be  written  thus, 

0,11,0     \ 

c,h3  .  , ; 

OO 

Na        h 

wherein  the  three  equivalents  of  acetyl  are  fused  together  to  consitute  a  monatoinic 
triacetyl,  C0  H0  03.  Hydride  of  triacetyl,  which  is  very  well  described  by  Geuther, 
is  obtained  by  decomposing  sodium  triacetyl  with  glacial  acetic  acid,  and  is  an  oily 
liquid  rather  heavier  than  water;  the  author  has  prepared  some  of  it.  The  decom- 
position noticed  by  Geutber  which  it  undergoes  in  contact  with  strong  acids  or 
alkalies,  and  in  which  the  elements  of  water  are  taken  up,  is  very  interesting : — 

Acetone.         Alcohol. 


0„li\0 
( 

c; 
ii 


2M  &5H  +  CH.0 

$30     +  fIa0  =  G,H3     \ 


+  co2 
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The  formation  of  alcohol  in  this  reaction  is  a  virtual  conversion  of  acetic  acid 
to  alcohol,  inasmuch  as  the  triacetyl  came  from  acetic  acid. 
In  the  author's  opinion  the  compounds  mentioned  in  Frankland  and  Duppa's 
per  as  derived  directly  from  acetic  ether  and  sodium  admit  of  representation  as 
iium  triacetyl;  and  products  derived  from  sodium  triacetyl. 


n  Chemistry  as  a  Branch  of  Education.     By  Thomas  Wood,  Ph.D.,  F.CJS. 

The  author  divided  chemistry,  for  the  purposes  of  education,  into  two  distinct 
d  separate  studies,  first,  chemistry  as  a  branch  of  education  teaching  facts  useful 
be  known,  and  secondly,  chemistry  used  as  an  instrument  or  means  of  general, 
ellectual,  and  practical  training.  To  teach  the  former,  the  head  of  a  school  need 
t  invest  in  either  apparatus  or  a  laboratory,  as  a  few  well-illustrated  lectures  are 
ficient  to  enable  the  pupils  to  read  up  the  subject.  For  these  the  lecturer  could 
ng  the  necessary  apparatus.  The  latter  necessitates  attendance  in  a  well-ap- 
inted  laboratory.  With  respect  to  the  former,  the  author  considered  the  subject 
der  three  heads ;  to  whom  could  it  be  taught  ?  how  most  easily  and  practically  F 
ten,  and  at  what  age  P 

With  regard  to  the  first  of  these,  he  would  say,  from  personal  experience,  that  the 
st  elementary  and  useful  facts  of  chemistry  might  be  taught  to  all,  from  the  child 
rix  to  the  man  of  sixty ;  but  it  would  be  impossible  to  teach  chemical  arithmetic 
Et  youth  who  had  not  learned  common  arithmetic. 

Is  to  the  second,  among  the  readiest  means  of  communicating  to  a  person  the 
ts  of  chemistry  were  well-arranged  lectures  and  classes,  where  the  master  per- 
med the  experiments  and  the  pupil  looked  on,  the  latter  not  being  allowed  to 
e  part  in  the  manipulation  of  the  experiments.  The  mind  of  the  pupil  was  thus 
)  to  observe  and  store  up  all  that  occurred.  The  author  drew  a  great  distinction 
ween  lectures  and  lessons.  A  lecture  was  a  formal  discourse,  generally  to  a 
lparatively  large  number  of  persons ;  while  a  class  lesson  implied  a  much  more 
mate  communication  with  the  master  in  the  way  of  question,  reply,  &c.  In  a 
»,  although  the  subject  might  be  dry  and  dull,  the  master  could  command  an 
Dunt  of  attention  from  a  limited  number  of  pupils ;  whereas  with  one  hundred 
)ils,  if  the  lecturer  were  dull,  or  the  subject  too  dry,  he  would  have  little  atten- 
1  paid  to  him.  All  lectures  should  be  interesting  as  one  of  their  first  recom- 
adations,  and  also  attractive.    At  lectures  questions  should  be  rarely  asked, 

at  lessons  continually.  The  plan  of  giving  a  printed  list  of  questions  on 
b  lecture  to  every  boy,  the  lecturer  to  answer  all  the  questions  seriatim  in 
lecture,  and  the  boys  to  answer  the  questions  on  paper  afterwards,  was  strongly 
)mmended.    The  author  thought  six  was  a  good  number  for  a  chemical  class, 

it  ought  not  to  exceed  eight.  With  reference  to  the  age,  although  it  was  quite 
3  that  many  young  persons  were  capable  of  receiving  benefit  from  experiments 
;he  elementary  parts  of  science,  yet  it  must  be  confessed  that  few  facts  and  little 

useful  information  could  be  permanently  lodged  in  their  minds  until  they  were 
able  of  working  decimals. 

Jnder  the  head  of  chemistry,  as  a  means  of  general  intellectual  and  practical 
ningj  the  author  asserted  that  up  to  the  present  it  had  never  been  properly 
rht  in  schools  as  a  means  of  education.    To  use  chemistry  with  this  object, 

student  must  spend  not  one  hour,  but  hours  at  a  time  in  the  laboratory, 
s  took  up  so  much  time  as  to  be  impracticable  in  the  present  school  curriculum, 
required  a  larger  number  and  a  better  educated  class  of  men  than  at  present 
tea  as  teachers  of  practical  science.  The  author  also  contended  that  laboratory 
jtice  was  only  suited  for  boys  of  fourteen  years  and  upwards.  The  plan  never 
Ing  been  thoroughly  tried,  heads  of  schools  did  not  believe,  from  past  experi- 
>,  that  there  were  really  the  benefits  to  be  derived  from  chemical  study  which 
id vocates  maintained.  The  present  method  of  teaching  practical  chemistry 
chools  is  by  qualitative  analysis  only ;  that  is,  by  testing  according  to  the 
.  laid  down  in  analytical  tables.  This  gives  neither  accuracy  of  manipulation, 
ough  or  exact  knowledge  of  the  science,  nor  interest  to  the  pupils,  and  is  there- 
almost  useless ;  consequently  chemistry  had  as  yet  never  been  practically  taught 
means  of  education. 
368.  4 
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As  a  means  of  intellectual  training,  mathematics  or  classics  were  generally  < 
ployed,  and  were  greatly  in  favour ;  out  there  was  this  main  distinction  betn 
mathematics  and  practical  laboratory  work — in  mathematics  the  exact  data  were 
all  Riven,  in  practical  chemistry  they  were  not  Thus  a  student  in  the  laboratory 
ougnt  to  have  correct  reasoning  inculcated,  or,  as  Professor  Faraday  called  it, 
judgment  independent  thought  on  facts,  habits  of  observation,  and  patience — "  to 
learn  to  labour  and  to  wait"  It  is  because  schoolmasters  had  hitherto  seldom 
seen  a  corresponding  benefit  accrue  either  to  themselves  or  the  boys  fox*  the 
expense  and  freouent  annoyance  caused  by  the  so-called  teaching  of  practical  che- 
mistry, that  this  branch  of  study  is  in  such  ill  odour.  Chemistry  could  not  be 
taught  in  the  same  cut-and-dried  manner  as  arithmetic  &c.  It  required  patience, 
carefulness,  thought,  judgment,  accuracy,  and  could  not  be  hurried.  Practical 
science  was  not  the  accumulation  of  mere  facts,  but  required  the  assistance  of  the 
eye  and  touch.  From  experience  the  author  could  bear  witness  to  the  fact  that 
masters,  university  men,  who  had  wished  to  learn  chemistry  so  as  to  be  able  to 
teach  it  to  boys,  were  always  in  a  hurry,  and  could  not  wait  to  properly  perform 
their  experiments,  imagining  that  there  was  some  royal  road  to  tne  result.  A 
student  when  in  the  laboratory  should  be  made  to  perform  each  experiment 
thoroughly.  After  the  usual  experiment  (to  make  hyarogen^  for  example)  had 
been  performed,  he  should  be  made  to  take  an  atomic  proportion  of  zinc,  say  660 
grains,  and  dissolve  it,  collect  all  the  hydropen  from  it,  and  measure  it,  evaporate 
the  solution  of  zinc,  and  estimate  the  quantity  of  sulphate  formed.  This  could  not 
be  done  at  one  lesson.  On  the  next  occasion  he  would  have  his  mind  brought  back 
to  the  subject  of  hydrogen  while  commencing  a  new  experiment  By  the  end  of 
the  third  lesson  he  would  probably  have  the  first  experiment  finished,  the  second 
to  continue,  and  be  ready  to  commence  a  third.  But  if  from  carelessness  &c.  he 
did  not  bring  the  first  experiment  to  a  satisfactory  conclusion,  he  should  be  made 
to  repeat  it  until  he  did.  Thus  he  would  for  his  own  sake  learn  to  be  carefhl  and 
patient.  It  may  be  objected  that  a  great  loss  of  time  takes  place  in  this  way.  But  a 
fortnight  spent  in  the  proper  performance  of  such  an  experiment,  if  it  be  only  even- 
tually well  done,  is  not  time,  lost  or  wasted.  At  present,  boys  nominally  learn 
chemistry ;  but  they  do  so  without  learning  the  great  lessons  that  a  proper  study 
of  chemistry  ought  to  teach.  The  author  proposed,  in  order  to  meet  the  difficulty 
of  the  study  taking  up  so  much  time,  that  all  large  schools  of,  say,  160  boys  should 
have  their  own  laboratory  and  a  resident  master  thoroughly  capable  of  managing 
and  teaching  boys  science.  That  all  boys  of  fourteen  ana  upwards  should  give  up 
three  days  in  the  week,  for  at  least  six  months,  to  the  laboratory.  For  small  schools 
there  should  be  a  united  ancillary  establishment  in  each  neighbourhood,  for  the 
express  purpose  of  giving  boys  this  practical  laboratory  education.  A  proper  science 
teacher  ought  to  be  a  man  of  university  education,  and  a  thorough  practical  mani- 
pulator. Men  would  devote  themselves  to  this  work  if  there  was  a  prospect 
of  their  earning  a  livelihood.  At  the  universities  natural  science  was  looked  down 
upon  and  not  encouraged.  Talk  of  studying  science  for  the  love  of  her,  very  few 
would,  and  very  few  could,  make  the  necessary  sacrifices,  as  long  as  all  the  money 
and  all  the  university  honours  were  reserved  for  classics  and  mathematics.  Thus 
there  was  little  inducement  for  the  student  to  study  natural  science.  A  man 
could  not  be  fitted  to  become  a  teacher  of  practical  chemistry  by  reading  alone,  not 
by  six  months' practical  laboratory  work;  the  preparation  required  several  Tears. 
Heads  of  schools  had  no  difficulty  in  getting  first-class  university  men  for  43)00  a 
▼ear ;  but  these  could  not  teach  m  the  laboratory.  Chemical  science  had  never  yet 
had  a  fair  chance  as  a  means  of  education ;  nor  had  schoolmasters  generally  correct 
ideas  of  what  the  science  was  capable  of  doing. 
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GEOLOGY. 

Address  by  Robert  A.  C.  Godwin- Austen,  B.A.,  F.B.8.,  Sfc,  President 

of  the  Section. 

The  basin  of  the  North  Sea,  in  the  physical  changes  which  it  has  undergone  since 
the  commencement  of  the  Kainozoic  period,  is  an  area  which  well  repays  the  study 
of  the  geologist.  Suffolk  and  Norfolk,  which  geologically,  as  they  do  ethnologically, 
form  one  region,  are  part  of  the  slope  of  this  basin  on  its  western  side  j  for  the 
North-Sea  valley  is  a  true  physical  depression ;  the  whole  secondary  series  of  strata, 
on  one  side,  dips  eastwardfy  towards  it,  and  rises  affain  above  the  sea-level,  on  the 
opposite  side,  in  Denmark.  It  is  a  depression  which  dates  hack  its  origin  to  some 
distant  time  in  geological  history. 

It  is  to  this  area  tnat  I  propose  to  restrict  myself  in  those  ohservations  which, 
in  compliance  with  established  custom,  I  have  to  make  in  opening  the  meetings  of 
this  Section. 

The  North  -  Sea  depression,  in  its  hydrographical  features,  deserves  a  passing 
notice.    Compared  with  its  breadth,  its  depth  at  present  is  exceedingly  small. 
There  are  central  portions  where  there  are  only  twelve  feet  of  water.    The  "  Deep- 
water  Channel "  of  the  charts,  which  runs  parallel  with  the  coasts  of  Essex,  Suf- 
folk, and  Norfolk,  has  a  maximum  depth  of  only  180  feet.     A  change  to  that 
amount  of  depression  of  sea-level  would  lay  bare  the  whole  of  the  sea-bed  from 
the  coast  of  Northumberland  across  to  Jutland.    A  depression  of  only  120  feet 
would  produce  nearly  a  like  result ;  the  new  coast-line  would  in  this  case  run 
from  Plamborough  Head  to  Heligoland  and  Holstein.   There  would  be  an  extension 
of  the  great  Germanic  plain  nearly  to  our  area.     The  "  Deep-water  Channel " 
alluded  to  would  in  either  case  become  the  course  of  the  Thames  and  its  tribu- 
taries, till  it  found  its  way  seawards  to  the  west  of  the  Great  Banks.     To  such  an 
extent  would  this  small  amount  of  change  of  water-level  alter  the  whole  physical 
character  of  Eastern  Europe  j  and  yet  this  change  would  be  insignificant,  compared 
with  those  which  this  very  area  has  repeatedly  experienced.    There  is  one  other 
feature  presented  by  the  North-Sea  basin.    A  deep  submarine  trough  has  been 
traced,  at  a  mean  distance  of  about  fifty  miles  from  the  coast-line  of  Norway ; 
it  commences  in  the  meridian  of  Christiania,  and,  conforming  to  the  outline  of 
the  land,  goes  north  beyond  N.  lat.  60°.    South  of  the  Naze  of  Norway,  there  are 
soundings  of  upwards  of  200  fathoms ;   beyond  they  are  less,  but  whether  the 
decrease  is  progressive  is  not  clear.    Across  the  line  of  greatest  depth  the  change 
is  abrupt    This  curious  feature  in  the  outline  of  the  sea-bed  is  just  what  would 
have  been  produced  by  the  subsidence  of  the  whole  of  the  southern  portion  of 
the  Scandinavian  region,  together  with  fifty  miles  of  area  around,  to  a  depth  of 
600  or  700  feet.    There  are  good  grounds  for  supposing  that  such  has  been  the 
process ;  and  the  geological  history  of  the  basin  seems  to  supply  the  precise  date  of 
the  subsidence  in  question. 

As  a  point  in  physical  geography,  it  was  the  depression  of  the  Scandinavian, 
mass  along  the  line  indicated  which  produced  the  channels  of  the  Skagerrach 
and  the  Cattegat,  and  opened  a  communication  from  the  North  Sea  into  the  Baltic 
depression. 

Geologically,  some  of  the  later  stages  or  periods  of  the  earth's  past  history  are 
so  abundantly  illustrated  over  the  East- Anglian  area,  it  is  a  field  in  which  there 
have  been  so  many  labourers,  as  to  which,  too,  there  yet  remain  so  many  unsolved 
points,  that  I  cannot  help  hoping  that  this  Section  will  follow  to  some  extent  the 
example  set  by  their  brethren  the  geologists  of  France,  at  their  annual  reunions 
extraordinaires,  and  make  local  geology  a  prominent  subject  of  their  deliberations 
at  this  Meeting. 

The  points  of  interest  alluded  to  belong  to  the  great  Kainozoic  period ;  indeed 
it  is  in  this  portion  of  England  alone  that  the  complete  sequence  of  change,  as  it 
happened  in  this  country,  can  be  followed  out ;  and  as  the  term  Kainozoic  is  what 
alone  I  propose  to  employ,  I  would  explain  that  it  is  a  Greek  compound,  signi- 
fying' u  recent  living,"  or  indicative  of  that  general  period  of  which  the  fauna,  in 
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some  proportion,  is  specifically  identical,  as  to  forms,  with  such  as  are  now  known 
to  be  living  in  some  region  or  other. 

Geological  Summary. 

Wonderful  as  the  progress  of  research  has  been  during  the  last  fifty  years,  still 
the  geologist  finds  himself  greatly  wanting  when  he  attempts  to  sketch  out  in 
consecutive  order  the  history  of  any  district,  however  limited  and  however  simple 
it  may  be.  He  may  know  that  the  Nummulitic  period  was  subsequent  to  the 
Cretaceous,  and  also  that  everywhere  an  interval  of  time  has  separated  them ; 
but  he  does  not  know,  nor  has  he  any  means  of  ascertaining,  how  long  that  inter- 
val was ;  and  though  he  may  know  all  the  details  of  the  successive  conditions  of 
the  thick  series  of  depositions  exhibited  in  the  London  basin,  and  have  satisfied 
himself  of  the  great  extension  they  must  once  have  had  beyond  their  present 
area,  yet  of  the  process  by  which  so  much  has  been  removed  he  does  not  know 
anything,  nor  of  what  was  being  done  in  any  other  region  of  the  globe  when  so 
much  was  being  undone  here.  All  that  can  be  said  is,  that  here,  in  the  south 
and  east  of  England,  the  Nummulitic  strata  were  cut  back  to  a  line  along  which 
are  now  Sudbury,  Ipswich,  and  Yarmouth,  and  that  beyond,  on  the  west  and 
north,  stretched  away  the  bare  chalk  hills  of  Suffolk  and  Norfolk,  northwards 
still,  into  the  wolds  of  Lincoln  and  York. 

For  our  present  outline  we  need  not  go  further  back  than  this  in  East- Anglian 
Geology;  at  the  time  of  the  early  marine  formations  of  Eainozoic  age  the 
British-Islands  group  was  united,  as  a  whole,  with  a  broad  European-continental 
region. 

The  Eainozoic  formations  of  Western  Europe  have  a  striking  uniformity  in  their 
general  history ;  those  of  Spain  and  Portugal — next,  those  of  the  Bordeaux  basin 
and  of  Touraine,  with  its  Breton  dependency — finally  that  of  our  North-Sea  basin, 
were  all  indents  from  the  great  Atlantic,  and,  in  all,  the  character  of  the  fauna  is 
Atlantic.  It  is  also  noteworthy  that  in  each  of  these  southern  and  now  desiccated 
sea-basins  the  fauna  is  more  southern  than  that  now  living  in  the  adjacent  seas, 
that  the  fossil  moUusca  of  the  Tagus  beds  present  Senegambian  relationships,  that 
so,  too,  do  those  of  the  Lower  Bordeaux  beds.  The  Upper  Bordeaux  beds  are 
Southern  and  Lusitanian  in  their  fauna,  as  are  those  of  Touraine  and  Brittany,  and 
partly  so  the  older  Crag  of  Suffolk,  Belgium,  and  Germany.  The  southern  relations 
of  these  several  assemblages  grow  weaker  from  south  to  north,  whilst  in  the  North- 
Sea  basin  distribution  from  another  quarter  shows  itself  in  the  presence  of  its  many 
Transatlantic  forms.  In  this  there  is  evidence  of  a  twofold  change — First,  a  set  or  ex- 
tension northwards  of  a  marine  fauna  which  in  its  recognized  forms  is  West- Afri- 
can, afterwards  becoming  less  southern  over  the  same  areas ;  such  was  the  zoolo- 
gical change  which  the  lapse  of  time  brought  with  it.  Next,  the  areas  of  these  for- 
mations are  first  presented  as  terrestrial  surfaces,  then  as  lateral  branches  of  the 
Atlantic,  lastly  as  laid  bare  again ;  and  this  process  seems  to  haveproceeded  from 
south  northwards.  The  comparison  of  the  whole  of  the  fauna  of  the  Tagus  beds  with 
the  whole  of  that  of  the  Bordeaux  basin  suggests  that  the  first  had  been  wholly  laid 
"dry  before  the  other  .had  j  so  likewise  between  the  Bordeaux  basin  and  that  of 
the  Loire. 

The  Crag-sea  waters  were  expelled  from  the  North-Sea  area  by  the  rise  of  the 
land  on  the  south  of  that  great  bay.  The  most  southern  points  for  the  Crag  beds 
in  Belgium  are  now  the  highest  above  the  sea-level ;  this  elevation  decreases  till 
we  come  to  this  place,  where,  if  any  part  of  the  so-called  Norwich  Crag  or  the 
fiuvio-marine  be  of  that  age,  such  estuary  beds  must  have  been  then  much  in  the 
same  position  as  they  are  now,  or  at  the  sea-leveL  On  evidence  such  as  this,  the 
North-Sea  area,  after  the  period  of  the  early  Kainozoic  fauna  or  true  Crag,  is  seen 
to  be  passing  again  to  the  condition  of  terrestrial  surface. 

This  old  depression  of  the  North-Sea  area,  as  had  the  other  tertiary  basins,  again 
became  part  of  the  general  European  land-surface — a  northern  extension  of  the 
Rhine  valley;  and  again  the  geologist  meets  with  but  little  guidance  as  to  the 
details  of  the  chronology  of  what  must  have  been  a  period  of  vast  duration.  A 
long  list  of  land  animals  can  be  presented  which  have  left  their  remains  here :  that 
some  of  these  ranged  over  Central  and  Southern  Europe,  and  included  this  very 
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;rict  in  the  area  of  their  life-period  is  undoubted ;  but  as  to  how  many  of  these 

xisted;  or  to  what  extent  they  indicate  a  successive  occupation,  is  still  an  un- 

ided  question. 

'he  "  Forest-bed  "  of  Cromer  gives  a  glimpse  of  what  was  the  vegetation  of  this 

iod ;  but  here,  again,  it  is  more  than  probable  that  it  must  be  taken  only  as  the 

es  of  the  flora  of  the  last  stage  of  terrestrial  conditions  antecedent  to  the  next 

nt  physical  change,  rather  than  that  of  the  whole  period. 

'he  whole  mammalian  fauna,  from  the  Norfolk  Mastodon  to  the  Mammoth 

ephas  primiffemus).  seems  to  offer  itself  as  an  assemblage  of  the  members  of 

lad  tribes,  which  have  yet  to  be  reduced  to  order  of  time.    The  general  condi- 

i  of  Northern  Europe  was  terrestrial  for  the  whole  of  the  tertiary  or  Kainozoic 

od ;  during  that  time  its  conditions  as  to  climate  passed  from  warm  to  tempe- 

>  and  to  arctic.    To  its  close  belongs  the  evidence  everywhere  recurring,  and  at 

py  level,  of  its  subaerial  glaciation  and  greater  elevation. 

ust  as  the  Crag  and  Falun  beds  come  in  here,  on  our  East-Anglian  district 

on  the  Continent,  as  breaks  in  the  lapse  of  tertiary  terrestrial  conditions,  so 
accumulations  of  the  great  northern  submergence  come  in  as  a  second  intercala- 
i ;  only  that  the  physical  change  in  this  case  was  greater  and  of  a  different  order, 
what  this  ultimately  amounted,  is  represented  on  the  map  of  the  northern  hemi- 
ere*.  The  arctic  basin  extended  itself  as  low  as  to  N.  lat  50°  by  a  slow  process 
ubmergence  from  north  to  south. 

Lgain  the  northern  hemisphere  emerged,  apparently,  in  a  contrary  direction,  or 
a  south  northwards  j  again  the  agencies  of  ice  and  snow  and  excessive  rainfall 
exhibited,  till  again,  for  its  general  arrangement  of  land  and  sea,  this  immediate 
rict  and  England  generally  is  presented  with  the  like  relations  as  it  had  at  the 
od  of  the  Crag-sea. 

'he  general  character  and  the  order  of  change  of  the  Kainozoic  period  admit  of 
i£  thus  briefly  told;  but  when  it  is  attempted  to  follow  out  this  change  in  its 
tils,  it  is  found  to  be  a  long  and  complicated  record. 

ver  the  whole  of  the  European  area,  as  yet  less  accurately  traced  across  the  Asi- 
,  very  distinct  upon  the  American  continent,  there  is  a  region  which  presents 
id  expanses  of  waterworn  detritus,  sands,  and  loams,  often  placed  at  consi- 
ible  elevations  above  present  water-levels,  which,  from  their  superficial  ex- 
;,  has  caused  them  to  be  identified  with  the  component  members  of  another 
ital  group  (the  glacial  drift)  peculiar  to  another  area,  from  which  they  are 
inct  as  to  conditions  and  mode  of  accumulation.  The  conditions  indicated 
those  of  low  winter  temperatures,  terrestrial  surfaces  with  a  configuration  such 
he  same  countries  have  at  present,  alluvial  and  fluviatile  accumulations,  indi- 
ve  of  torrential  and  periodic  rivers, 

.  line  drawn  across  the  European  area,  occasionally  on  one  side  or  other  of  that 
orth  lat  51°,  defines  the  north  limit  of  all  this  class  of  detrital  accumulations 
be  Kainozoic  period :  on  the  south  of  this  all  these  accumulations  have  their 
ts,  and  the  sources  or  their  materials  are  within  the  areas  to  which  belong  the 
tin?  river-systems  of  the  South  and  Mid-European  continent, 
orth  of  this  line  the  detrital  accumulations  are  neither  local  as  to  composition, 
have  they  much  reference  to  surface  configuration,  although  such  configuration 
ixisted.  Over  this  area,  too,  are  the  indications  of  low  temperatures  and  broad 
via.  The  distribution  of  the  detritus  over  this  area  shows  that  the  expanse 
er  was  continuous,  and  was  marine.  Over  one  area  are  the  results  of  a 
Bral  and  uniform  submergence  ;  over  the  other  the  phenomena  are  local  and 
vial, 
ver  the  British  and  part  of  the  European  area  there  is  a  good  break  in  Kaino- 

time  into  prseglacial  and  postglacial, — by  the  term  "  glacial "  being  signified 
period  of  the  great  extension  of  the  Arctic  basin. 

his  Drift-formation,  in  one  form  or  another,  covers  the  whole  surface  of  this 
itv,  from  the  sea-level  up  to  the  summits  of  the  chalk  hills.  We  have,  in 
folk,  evidence  of  submergence  to  the  extent  of  600  feet  and  upwards.  There 
other  parts  of  this  island  where  the  submergence  exceeded  this,  even  in  this 
ude ;  so  that  here  the  highest  land  may  not  be  a  measure  of  the  greatest 
*  A  map  of  the  northern  hemisphere  was  exhibited  to  the  Section. 
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amount  of  submergence.  It  was  a  time  when  the  whole  of  the  British-Island* 
group  became  submerged,  with  the  exception  of  a  few  salient  points;  and,  taking 
the  levels  to  be  derived  from  these  points,  together  with  the  general  character  of 
the  phenomena,  we  may  accept  as  certain  that  subaerial  glaciatHm,  in  all  its  varied 
modes  of  action,  had  long  been  at  work  here  prior  to  that  submergence.  The  change 
of  relative  level  was  not  sudden ;  it  proceeded  from  north  southwards ;  and  it  is  in 
the  north  that  the  amount  of  the  submergence  was  the  greatest 

The  Drift  of  Norfolk  has  good  illustrations  of  these  several  sets  of  conditions, 
and  of  the  manner  in  which  the  phenomena  of  one  period  have  been  modified  by 
conditions  which  followed.  It  has  been  well  said  that  in  geological  history  time 
is  of  no  object ;  but  in  a  geological  address,  such  as  this,  it  has  its  claims ;  so  that 
instead  of  dwelling  at  any  length  on  the  general  condition  of  the  British  Islands 
at  the  time  of  their  greatest  submergence,  I  have  represented  on  a  map  of  the 
northern  hemisphere  the  whole  of  the  area  which  became  submerged,  and,  for 
the  purpose  of  comparison,  there  is  along  with  it  another,  showing  the  extent  of 
the  Arctic  basin  at  present. 

The  Drift-accumulations  of  this  county  are  exceptional  in  this  one  respect,  that 
they  attain  unusual  thicknesses.  The  Cromer  cliflf  which  is  wholly  of  this  forma- 
tion, is  270  feet  in  height :  this  is  not  so  much  an  indication  of  the  lapse  of  time 
during  the  submergence,  as  the  result  of  position.  Situated  on  the  eastern  slope 
of  the  English  central  area,  towards  the  North-Sea  depression,  during  the  first 
or  subaerial  stage,  the  form  and  slope  of  the  land  would  favour  the  transfer 
of  materials  downwards  and  outwards:  in  the  subsequent  stages,  the  areas  of 
greater  depth  would  receive  the  greatest  amounts  of  the  abraded  spoil  of  the  land- 
areas  encroached  upon.  So  likewise  during  the  period  of  emergence,  the  transfer 
of  material  would  be  outwards.  The  most  reasonable  explanation  of  the  present 
shallow  condition  of  the  North  Sea,  as  compared  with  its  depths  when  occupied 
by  the  Crag  sea,  is,  that  it  has  been  filled  by  the  aggregate  of  the  accumulations  of 
the  Drift-period. 

The  former  extent  of  the  Scandinavian  region  is  of  interest  to  the  British 
geologist  during  several  periods— during  the  glacial  period,  from  the  spoil  that  was 
drifted  from  it  and  scattered  over  our  eastern  counties. 

From  early  times  this  region  was  in  the  condition  of  dry  land.  No  beds  of  the 
age  of  the  Crag  have  been  met  with  on  its  surface ;  the  absence  of  this  formation, 
which  occurs  on  the  coast  of  Denmark,  suggests  that  the  land  of  Norway  then  stood 
at  a  higher  relative  level.  That  this  was  so  is  indicated  by  the  manner  and  extent 
to  which  the  surface  is  scored  by  glacial  action,  not  only  aown  to  the  present  sea- 
level,  but  far  below  it.  The  deep  fiords  were  occupied  by  glaciers ;  they  passed 
over  the  numerous  islands  off  that  coast,  which,  too,  are  all  scored. 

The  submarine  trough  which  contours  Norway  must  have  been  produced  subse- 
quently to  this  greater  elevation  of  the  region.  The  Crag-sea  coincided  with  part 
of  that  period  of  elevation  ;  and  its  marginal  beds  in  that  quarter  lay  some  nfty 
miles  or  more  from  the  Norwegian  coast-line.  The  subsequent  depression  amounted 
to  more  than  the  depth  of  the  trough,  inasmuch  as  around  the  upper  end  of  the 
Gulf  of  Christiania  there  occur  marine  beds  at  elevations  of  500  feet  above  the  sea, 
indicating  a  total  change  of  level  of  at  least  1200  feet. 

Whatever  the  amount  of  this  former  elevation  of  the  Scandinavian  land  and  the 
precise  period  of  its  glaciation  may  have  been,  the  geological  phenomena  about 
Christiania,  so  carefully  described  oy  the  naturalist  M.  Sars,  show  clearly  that  the 
whole  has  also  been  much  below  its  present  level.  The  phenomena,  as  a  whole, 
correspond  with  what  took  place  over  our  area,  but  they  are  so  much  more  definite 
that  they  deserve  brief  notice  as  part  of  the  physical  history  of  the  North-Sea  basin. 
From  an  elevation  of  500  feet  down  to  300  feet  there  is  a  succession  of  marginal  sea- 
lines,  with  banks  of  littoral  and  sublittoral  shells  (Skjaelbanker).  These  nave  also 
their  deeper  water-beds  and  shells  (Mergelleret).  These  successive  lines  show  that 
the  rise  of  the  land  through  the  200  feet  in  question  was  at  intervals. 

The  marine  fauna  of  this  higher  sea-level  is  given  first  in  its  littoral,  and  next  in 
its  deeper-water  facies.  Taken  together,  we  have  this  result — that  all  the  species 
are  now  living,  that  it  is  an  Arctic-basin  assemblage,  and  not  at  all  that  of  the 
neighbouring  seas.    This  is  the  "glacial-formation"  series. 
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Below  the  800-feet  level  there  occurs  a  belt  or  interval  160  feet  broad,  over  which 
dell-banks  "  are  not  met  with,  below  which  a  second  series  occurs.  The  shells 
itained  in  these  beds  differ  from  those  of  the  higher  series  in  being  less  arctic, 
rtain  of  these  characteristic  forms  have  disappeared,  numerous  boreal  shells  have 
de  their  appearance,  together  with  forms  of  the  Lusitanian  region.  Altogether 
s  marine  fauna  approximates  to  that  of  the  neighbouring  seas,  only  that  some 
mbers  of  the  earlier  or  more  arctic  series  linger  on. 
The  subdivision  of  the  East- Anglian  Kainoioic  series  is  as  follows ; — 
\..  Prasglacial;  B.  Glacial;  0.  Postglacial. 

A.  Pbjbqlacial. 
Crag,  in  Suffolk,  is  a  local  agricultural  name  for  any  sandy,  gravelly  soil ;  but 
>  early  geologists  and  shell-collectors  soon  found  that  it  was  something  more  ; 
very  perfect  shells  were  recognized  as  in  part  agreeing  with  those  of  the  neigh- 
uring  seas,  in  part  as  unknown  or  foreign.  Mr.  S.  Woodward,  in  his  '  Outline 
the  Geology  of  Norfolk/  1888,  has  a  detailed  account  of  this  formation.  His 
ii  views  are  admirable :  the  range  of  the  Crag  formation,  as  he  gives  it,  from 
omer,  by  Norwich,  to  the  Suffolk  coast  is  nearly  exact.  Nor  did  the  estuarian 
aracter  of  the  formation  about  Norwich  escape  him.  Apart  from  this  local 
idition,  he  considered  the  Norfolk  and  Suffolk  beds  to  be  "  decidedly  contem- 
raneous." 

It  was  not  till  1886  that  a  subdivision  of  the  Crag  was  proposed  by  Mr. 
larlesworth ;  and  it  was  amended  (in  1888)  by  the  following  classification : — 

4.  Upper  Crag  of  Norfolk  and  Suffolk— 

5.  Red  Crag. 

6.  Coralline  Crag. 

Thus  far  back  Mr.  Charlesworth  separated  the  Norwich  Crag  from  that  of 
iffolk.  The  Red  Crag  at  Tattingstone.  Ramsholt,  and  Sudbourne  was  said  to 
erlie  a  worn  and  uneven  surface  of  the  white  or  coralline ;  from  this  consideration 
eir  relative  dates  or  ages  was  inferred.  This  nominal  subdivision  may  be  said 
have  been  adopted  from  that  time  onwards  down  nearly  to  the  present. 
The  Bryozoan  Crag  overlies  London  clay,  and  is  under  20  feet  thick.  It  is  a 
od  division,  because  it  is  an  indication  of  a  definite  range  of  depths,  where  the 
a-bed  was  not  within  reach  of  surface  disturbance,  yet  where  the  drifting  power 
is  considerable,  and  having  its  own  proper  fauna,  of  which  the  Bryozoa  form  a 

S-  large  proportion.  The  examples  of  this  condition  of  sea-bed  occur  only  in 
blk,  where  they  are  now  about  40  feet  above  the  sea-leveL  Assigning  to  these 
ds  depths  of  40  fathoms,  a  difference  of  800  feet  is  the  least  that  can  be  assumed 
that  of  their  original,  compared  with  their  present  positions.  It  is  the  lowest 
ndition,  or  the  deepest,  of  which  our  English  area  offers  any  illustration.  It  does 
>t  occur  over  any  part  of  Belgium,  where  the  lowest  beds  above  the  sea-level 
>long  to  the  deep-sea  deposits  of  ooze,  or  to  the  100  fathoms  depth. 
The  Red  Crag,  though  a  good  division  for  the  time  when  it  was  proposed,  is  a 
•mplex  assemblage,  in  spite  of  its  small  vertical  dimensions.  Of  all  that  was 
iginally  so  grouped,  a  very  srnall  portion  only  (that  of  one  locality}  can  now  be 
ferred  to  as  such,  namely,  the  Crag  at  Walton  Naze ;  in  this  alone  is  to  be 
und  an  old  sea-bed,  a  marine-life  zone,  undisturbed  since  its  original  accumu- 
tion. 

The  Red-Crag  beds  of  the  valleys  of  the  Stour,  Orwell,  and  Deben,  though  re- 
rable  to  some  part  of  the  same  general  period,  are  wholly  rearranged  or  remanit 
ds  and  of  the  later  stages  of  the  Crag-sea;  they  are,  relatively  to  the  Walton 
ris,  very  shallow-water  accumulations,  presenting  that  diagonal  mode  of  accumu- 
tion  in  varying  directions  indicative  of  surface  disturbance  and  tidal  movements, 
bove  them,  in  places,  and  on  the  land  side  of  them,  are  certain  thick  accumula- 
3ns  of  red  coarse  sands,  which  have  also  been  referred  to  the  Red  Crag,  and 
hich  at  one  time  I  supposed  to  represent  a  more  marginal  sea-zone,  the  crdi* 
uy  Red  Crag  being  that  condition  of  sea-bed  known  as  dead-shell  sand  and 
•avel.  The  shell-gravel  of  Antwerp  corresponds  with  the  Red  Crag  of  Suffolk. 
Additions  were  subsequently  made,  as  in  the  case  of  the  Chilleiford  Crag  of 
restwich,  and  the  Bridlington  Crag. 
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The  Nbrtvich,  or  fluvw- marine  Crag,  the  uppermost  of  Mr.  Charlesworth's  claaai- 
fication,  was  for  many  years  the  subject  of  differences  of  opinion,  as  to  its  value  and 
distinctness  as  a  division ;  it  had  also  gradually  been  made  to  include  much  more 
than  at  first :  any  bed  containing  either  mammalian  and  molluscan  remains,  or  even 
an  admixture  of  fresh-  and  salt-water  mollusca,  in  any  part  of  Suffolk  and  Norfolk, 
had  come  to  be  put  down  as  the  equivalent  of  the  Norwich  Crag. 

General  opinion  seems  now  to  have  come  round  to  the  view  which  some  geolo- 

S"  sts  had  long  since  taken.  Writing  in  1865,  Mr.  Searles  Wood  states, "  the  Norwich 
rag  is  not  geologically  distinct  from  the  Red,  but  a  fluvio-marine  condition  of 
the  same  period."  He  establishes  this  in  an  analysis  of  the  molluscous  fauna,  such 
as  leaves  little  doubt  as  to  this  point ;  and  the  only  criticism  which  is  suggested 
is — may  it  not  have  been  an  equivalent  of  the  whole  Crag  period  P  and  may  not  the 
Yar  valley  have  been  a  tributary  to  the  Crag  Sea,  during  its  whole  duration  as 
such  ? 

In  Suffolk,  the  fluvio-marine  accumulations  at  Thorpe,  near  Aldborough,  Wang- 
ford,  and  Bulcham,  are  considered  by  Mr.  S.  Wood  to  be  of  the  same  age  as  that 
of  Norwich. 

The  Forest-bed  of  Cromer  (1824),  and  some  other  places,  to  which  Mr.  R.  C. 
Taylor  first  called  attention,  and  to  which  he  assigned  its  true  age  and  position,  is 
one  of  the  most  interesting  points  in  Norfolk  geology ;  it  is  the  unmistakeable  indi- 
cation of  a  terrestrial  surface,  antecedent  to  the  period  of  the  "  glacial-drift "  accu- 
mulations. This  old  land-surface,  at  Cromer^  is  exposed  at  the  sea-level;  but  it 
extends  inland,  and  has  been  met  with  at  considerable  depths  in  the  offing. 

The  arboreal  vegetation  buried  in  these  beds  comprises  the  Norway  spruce, 
Scotch  fir,  yew,  oak,  alder, — all  of  them  common  North-European  trees. 

What  the  Cromer  coast-section  demonstrates  is,  that  by  process  of  change 
of  level  a  forestial  condition  of  the  surface  had  been  brought  down  to  the  sea- 
margin,  that  the  trees  had  died,  and  that  mud-deposits  had  formed,  partly  under 
fresh,  partly  under  brackish  water  lagoons. 

Subjacent  to  the  "  Forest-bed,*'  and  covering  the  surface  of  the  Chalk,  is  a  layer 
of  chalk  flints;  a  like  accumulation  is  seen  resting  on  the  Chalk  in  numerous 
other  places,  as  in  the  sections  below  this  city  (Holy  Cross,  Thorpe,  &eX  and  are 
all  referable  to  the  same  agency  and  period.  The  flints  have  been  dissolved  out  of  the 
chalk  by  the  action  of  rain-water,  and  left  tn  situ ;  they  indicate  a  long  period  of 
subaerial  conditions ;  and  their  formation  is  coextensive  with  the  whole  duration 
of  those  conditions ;  they  are  therefore  of  the  same  period  as  the  "  Forest-bed."  All 
collectors  and  observers  seem  now  to  be  agreed  upon  this,  that  the  Cromer  mam- 
malian remains  are  referable  to  this  particular  surface. 

B.  Glacial. 

More  recently  the  Norwich  sections  have  been  subjected  to  a  closer  examina- 
tion j  and  according  to  Mr.  J.  E.  Taylor  (1867}  these  admit  of  a  twofold  division : 
the  upper  is  a  coarse  and  rubbly  accumulation,  with  well-rounded  pebbles  of 
flint;  tne  lower  consists  of  finer  sands.  A  band  of  white  cross-bedded  sand  inter- 
venes. Such  a  change  in  the  character  of  successive  beds  would  not,  by  itself, 
have  been  of  much  importance;  but  zoologically  the  differences  they  present  are 
much  more  significant. 

The  fresh-  and  brackish-water  forms,  which  long  since  gave  the  Norwich  Crag 
its  fluvio-marine  character,  occur  only  in  the  lower  division ;  in  this,  too,  the  pro- 
portion of  littoral  species  of  marine  shells  is  greater ;  and  here  also  are  found  all 
those  forms  which  are  supposed  to  be  extinct. 

The  upper  division  has  its  peculiar  forms,  such  as  Modiola  modiolus,  Astarie 
compressa,  A.  sulcata,  A.  eUiptica.  Other  shells  are  more  abundant  which  in  the 
lower  are  scarce ;  here  they  occur  as  if  in  their  "  life-zone,"  instead  of  as  single 
valves,  worn  and  broken — such  as  TeUina  obliqua,  Astarte  boreaUs,  Venus  fasciata, 
Cardium  Grcenlandicum,  Cyprina  Islanctiea,  RhynchoneUa  psittacea. 

It  is  only  in  respect  of  one  shell  (TeUina  obliqua)  that  the  forms  of  the  upper 
division  have  not  been  recognized  as  living ;  and  with  respect  to  distribution,  the 
northern  facie*  of  the  upper  assemblage  is  more  strongly  marked  than  that  of  the 
lower    lastly,  they  indicate  a  somewhat  greater  depth  of  water. 
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\  S.  Wood,  jun..  admits  this  division ;  "  the  upper  bed  at  Norwich/'  he  says, 
he  Chillesford  shell-bed. " 

ittesford  Crag. — In  1849,  Mr.  Preetwich  made  known  some  marine  beds  in 
>arishes  of  Iken  and  Chillesford,  either  yellow  sands  or  laminated  micaceous 
.  At  Iken  these  beds  are  superposed  upon  a  worn  surface  of  the  older  or 
zoan  Crag.  There  is  no  such  direct  evidence  as  to  their  relation  to  the  Red 
;  but  there  is  no  doubt  that  they  are  unconformable  to  both  divisions. 
iese  beds  are  in  striking  contrast  to  the  true  Crag,  in  respect  of  their  com- 
ion  and  the  condition  of  the  shells  they  contain ;  they  were  tranquil  depositions, 
>ivalves  at  every  place  constantly  exhibiting  the  two  shells  in  contact,  and  in 
positions  in  which  the  animals  had  lived.  With  respect  to  this  fauna.  23 
es  only  were  met  with — 4  Gasteropoda  and  19  Acephala.  Mr.  S.  Wood  re- 
ized  the  Arctic  character  of  the  assemblage,  and  considered  the  beds  poste- 
to  the  Red  Crag,  probably  the  equivalents  of  the  Norwich.  The  agreement 
the  Bridlington  Crag  was  not  very  close,  there  being  only  six  or  seven  species 
imrnon. 

fferences  of  opinion  as  to  detail,  both  of  facts  and  inferences,  might  be  cited, 
well-known  to  those  geologists  who  have  attended  to  this  very  complicated 
on  of  the  geological  record ;  but  thus  much  seems  to  have  been  ascertained, 
the  so-called  Chillesford  Crag  is  rather  a  subordinate  member  of  the  marine 
al  period  than  an  upper  member  of  the  Crag,  and  that  it  is  referable  to  a  time 
i  the  climatal  conditions,  as  indicated  by  the  marine  mollusca,  had  undergone 
jat  change. 

-idlington  Crag  was  a  name  given  to  a  set  of  marine  clay-beds  occurring  at 
place,  about  30  feet  thick;  they  overlie  an  accumulation  of  chalk  flints  derived 
i  the  subjacent  chalk. 

r.  S.  Wood,  in  his  Monograph,  included  these  beds  in  the  Crag,  and  considered 
l  the  equivalents  of  the  Norwich  Crag  (1855). 

am  not  aware  that  the  fauna  of  these  beds  attracted  any  particular  attention 
Mr.  S.  P.  Woodward  prepared  his  general  list  of  the  Norwich-Crag  accumula- 
i  for  Mr.  Gunn's  essay.  In  1864  he  undertook  a  fresh  examination,  not  from 
as  before,  but  from  original  specimens  from  Mr.  Bean's  and  Mr.  Leckenby's 
ctions ;  this  led  him  to  the  unexpected  result  that  the  Bridlington  Crag  could 
onger  1>e  considered  an  equivalent  of  the  Norwich  Crag.  The  list  of  marine 
icea  had  been  increased  to  64  (or  by  more  than  20) ;  of  these,  35  are  met 
i  in  the  Norwich  Crag,  whilst  29  species  (or  one-half)  are  now  living  in  seas 
h.  of  Britain,  the  proportion  of  Arctic  shells  in  the  Norwich  Crag  being  only 
sixth. 

r.  Woodward  next  compared  the  Bridlington  fauna  with  that  of  the  Clyde 
i  belonging  to  the  close  of  the  "  glacial  period/'  and  with  this  result,  that  they 
red  very  nearly  as  much  from  these  as  they  did  from  the  Norwich  assemblage  j 
'  must  therefore  be  separated  from  the  Crag  series. 

lie  Bridlington  testacea  are  more  indicative  of  Arctic  climatal  conditions  than 
assemblage  in  or  about  the  British  Islands.  As  an  assemblage,  it  is  wholly 
nt  and  living,  and  marks  a  stage  in  the  northern  submergence  during  the 
ial  period,  when  the  Arctic-basin  marine  fauna  had  extended  itself  over  our 

Shells  peculiar  to  Bridlington, 


usus  gracilis,  var.  ventricosus. 
rophon  clathratus,  L.  (Bamffius). 
atica  occlusa. 
—  Bowerbankii. 
richotrophis  borealis.) 
urritella  erosa,  Couth,  (clathratula). 
[argarita  elegantissima,  Bean. 
imoria  Noachina. 

he  Bridlington  beds  seem  to  correspond  most  nearly  in  age  with  those  which, 

[orwav,  M.  Sars  has  distinguished  as  his  glacial  formation. 

[r.  Trimmer  candidly  admits  that,  when  engaged  in  the  "  Geology  of  Norfolk  n 


Dentalium  Tarentinum  (entale). 
Montacuta  bidentata. 
Cardita  analis  ?  (borealis  P). 
Astarte  borealis,  var.  semisulcata, 
Leach. 

mutabilis. 

crebricostata  ?. 
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for  the  Royal  Agricultural  Society  (1847),  it  was  the  adoption  of  a  theory  gui- 
ding his  observations  that  enabled  him  to  disentangle  and  harmonize  all  that  mass 
of  confused  materials  (Drift)  which  till  then  had  so  perplexed  him ;  "  each  part  then 
soon  fell  into  its  appropriate  place."  In  this  case,  fortunately,  the  adopted  theory 
was  right,  namely,  submergence  and  emergence — that  the  accumulations  of  the 
erratic  group  indicate  a  long  period  of  accumulation  oyer  a  terrestrial  surface, 
followed  by  denudation  as  it  rose  again.  For  the  whole  of  the  period  and  its  pro- 
ducts, he  proposed  two  groups  of  Drift — a  lower  and  an  upper.  He  seems  to  me  to 
have  recognized  certain  distinctive  characters  in  the  Lower  Drift  which  are  the 
indications  of  the  different  conditions  of  accumulation  concerned,  such  as  "  the 
masses  of  fragmentary  chalk,  with  little  or  no  admixture  of  other  matter/'  "angu- 
lar fragments,  very  slightly  water-worn,"  and,  on  the  other  hand,  the  "  detritus 
from  greater  distances  j  the  transfer  of  this  chalk  material  in  the  direction  of  Cro- 
mer had  not  escaped  him. 

Mr.  Searles  Wood?  jun.,  had  proposed  for  the  u  Drift  or  Glacial "  series  of  the 
upper  Eainozoic  period  an  upper  and  a  lower;  he  subsequently  subdivided  the 
lower,  whence  resulted : — 

feet 

1.  Upper  Drift,  or  Boulder-clay,  maximum  thickness. . . .     160+ 

2.  Middle  Drift,  maximum  thickness 70 

8.  Lower  Drift  (boulder,  till,  and  contorted  beds  of  Oromer)     150+ 

The  Lower  Drift  immediately  overlies  the  Chalk,  except  near  this  place,  where  it 
has  what  has  been  designated  as  the  "  Norwich  Crag  "  at  its  base,  the  inland 
facies  of  this  division  being  a  mass  of  merely  remanie*  chalk  rubble,  without 
any  admixture  of  other  materials ;  this  facies  does  not  extend  east  of  Norwich. 
Beyond  and  on  to  the  coast  the  Lower  Drift  is  of  sand;  above,  on  the  coast 
section,  is  a  blue  till  with  boulders,  horizontally  bedded,  passing  un  into  very  con- 
torted beds.  These  lower  sands  west  of  Cromer  contain  the  cfebns  of  the  under- 
lying Lignite  beds.  In  the  case  of  the  inland,  as  of  the  coast-line  fades,  the 
character  of  the  accumulation  is  immediately  dependent  on  the  subjacent  beds. 
When  we  bear  in  mind  that  previously  to  the  accumulation  of  this  Drift-series 
the  boundary  line  of  the  Nummulitic  formation  by  Sudbury  and  Ipswich  had 
been  well  defined,  and  consequently  that  High  Suffolk  and  Norfolk  presented  a 
range  of  bare  chalk  hills,  we  are  prepared  to  adopt  the  supposition  of  Mr.  S. 
Wood,  jun.,  and  refer  this  division  of  the  series  to  the  agencies  of  subaerial 
glaciation. 

C.  Postglacial. 

In  the  Nar  valley,  which  joins  the  Ouse  at  Lynn,  is  met  with  a  well-known  set 
of  marine  depositions  of  this  age.  They  extend  some  nine  miles  along  its  course, 
and  occupied  what  must  have  been  a  creek  at  the  time  when  the  whole  of  the  Bed- 
ford level  was  sea — an  inland  extension  of  the  Wash.  Mr.  Rose  called  attention  to 
this  stage  of  the  Eainozoic  series  in  1836.  and  assigned  it  to  its  true  position.  This 
deposit,  which  is  40  feet  in  thickness  ana  60  above  the  present  sea-level,  contains 
27  species  of  ^testacea,  all  of  which  are  also  North-Sea  shells.  ^ 

Tnese  subjects  have  engaged  many  speculative  and  ingenious  minds,  from  the 
middle  of  tne  last  century,  down  to  those  now  actively  at  work  here— such  as 
Arderen,  William  Smith  the  father  of  Geology,  the  Taylors,  Bobberds,  the 
Woodwards  (of  whom  four  generations),  Clarke,  Mitchell,  Trimmer,  Gunn,  Osmond 
Fisher.  But  I  should  be  wanting  to  the  place  in  which  we  are  now  met,  wholly 
unworthy  to  fill  this  chair,  wanting  to  the  great  subject  which  assembles  so 
many  here,  wholly  forgetful  of  my  own  obligations,  if  I  were  not  mindful  that 
Norwich  may  claim  with  Cambridge  joint  ownership  in  the  Woodwardian  Pro- 
fessor— the  Kev.  Canon  Sedgwick. 

Notes  on  the  Fossils  from  the  Old  Red  Sandstone  of  KUtorcan  Hill,  County 
Kilkenny,    By  Wm.  Hellibb  Baily,  F.L.S.,  F.G.S.,  fc. 

With  reference  to  the  plant-remains,  Br.  W.  P.  Schimper  has  communicated  to 
me  some  important  information.    He  remarks  that  the  fructified  leaves  of  Oydo- 
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pteris  Htbernica  show  that  this  fossil  fern  belongs  to  the  family  of  Hymenophylto, 
forming  a  peculiar  genus,  to  which  he  gives  the  name  of  Eopteris. 

The  species  of  Sagenaria  he  names  8.  Bath/ana.  In  the  fruit  of  this  species, 
which  differs  from  &  VeUheimiana,  the  scales  are  extremely  long,  and  nearly  subu- 
lated.  On  some  specimens  very  large  and  distinct  spondee  were  arranged  at  the 
bases  of  the  scales ;  this  he  considered  very  remarkable,  as  no  other  species,  of 
which  the  fruit  is  known,  have  such  large  sporules,  a  proof,  as  he  remarks,  of 
inferiority  of  the  plant,  prooably  the  oldest  of  the  genus. 

In  the  last  collection  of  fossils  made  at  this  place  by  myself  and  the  fossil-col- 
lectors of  the  Geological  Survey,  parts  of  a  crustacean,  including  the  chelae  or 
pincers,  were  obtained,  presenting  clear  evidence  of  the  existence  of  Pterygotus 
amongst  this  assemblage.  This  species  I  propose  to  name  P.  Hibernicus.  The 
discovery  of  these  characteristic  portions  of  a  genus,  which  appears  to  have  pre- 
ceded Eurypterus,  is  of  considerable  importance,  both  stratigrapnically  and  as  serv- 
ing to  explain  the  more  exact  relationship  of  specimens  formerly  obtained  from 
this  place,  and  doubtfully  referred  to  the  latter  genus,  but  which  will,  I  believe, 
be  found  to  be  identical  with  P.  Hibernicus. 

The  fish-remains  hitherto  discovered  are,  for  the  most  part,  in  the  condition  of 
detached  bones  and  plates  or  scales,  and  are  therefore  necessarily  difficult  of  deter- 
mination. Glyptolepis  and  Coccosteus  are  the  prevailing  forms ;  there  are  others, 
however,  which  require  study  and  additional  specimens  for  their  elucidation. 
It  is  hoped  therefore  that  further  explorations  at  this  important  fossil  locality  will 
throw  considerable  light  upon  the  fossils  of  the  Old  Red  Sandstone. 

On  the  MoUuscan  Fauna  of  the  Bed  Crag.    By  Alfred  Bell. 

The  results  of  a  critical  comparison  of  the  shells  of  the  different  crags  are  con- 
sidered by  the  author  to  justify  him  in  the  following  conclusions : — 

That  the  series  of  deposits  constituting  the  Red  Crag  proper  commences  at 
Walton-on-the-Naze,  and  does  not  extend  further  north  than  Cnillesford,  where  it 
appears  as  the  base-bed  of  the  pit  under  the  church. 

That  the  molluscan  fauna  contained  in  this  area  lived  in  the  Red  Graff  seas,  and 
are  not  derived  from  the  debris  of  an  older  formation  (except  in  a  very  few  cases). 

That  the  beds  containing  these  shells  were  deposited  in  quiet  waters,  and 

That  the  proportion  of  recent  forms  is  about  65  per  cent,  (exclusive  of  land  and 
freshwater  snells). 

In  support  of  these  propositions  it  is  shown  that  the  lowest  Red  Crag  deposits, 
t.  e.  those  at  Waldrinfffiela  and  Walton-on-the-Naze,  while  the  nearest  in  their 
relations  to  the  preceding  formation,  containing  such  characteristic  Coralline  Cray 
shells  as  Qastroma  laminosa,  Artemis  lincta,  Cardium  decorticatum,  Vokda  LamberU, 
Fusus  consocialis  and  alveolatus,  Terebra  inversa,  Eulitna  polita,  Cerithiwn  inver- 
sum,  Pyratnidella  keviuscula,  and  others,  are  marked  by  the  introduction  of  at  least 
fifty  new  forms. 

Of  the  400  species  found  in  the  Coralline,  not  more  than  about  half  range  upwards  to 
the  Red  Crag,  and  the  greatest  diversity  in  their  respective  faunae  obtains  where,  as 
at  Ramsholt  and  Sutton,  the  two  formations  are  seen  in  juxtaposition.  The  small 
solid  PyramideUa  may  serve  for  an  example.  Abundant  in  the  White  Crag  at 
Sutton,  it  is  altogether  absent  in  the  Red  Crag  at  the  same  place. 

The  following  short  list  will  suffice  to  show  the  difference  in  the  characteristic 
shells  in  the  older  and  newer  Red  Craps,  most  of  the  abundant  forms  of  the  lower 
beds  (Coralline  Crag  and  earlier  Red)  being  altogether  absent,  or  but  sparely 
represented  in  the  upper  horizon,  and  also  the  reverse. 

Older  Red  Crag  of  Walton  and  WaldringfieU. 

Coralline  Crag  shells  as  already  quoted :  Artemis  exoleta,  Mactra  glauca,  Tellina 
JBenedenn,  Cardium  Parkinsonii,  Nucula  kevigata,  Cypraa  angU<B,  Nassa  elegans 
and  reticosa,  Purpura  tetragona,  Buccinum  Dcdei,  CanceUaria  coronata,  Actaon 
(var.)  note,  &c. 

Newer  Bed  Crag  of  Butley  and  BamshoU. 

Pecten  gracilis,  MytHus  edulis,  Nucula  Cobboldia,  Yoldia  myalis,  Cardium  green* 
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landicum  and  angustatum.  Tellina  pratienuis,  Saxicava  norvegica,  Fusus  alius,  amti- 
quus  (dextral  form),  ana  norvegicus,  Trophon  sealariforme,  Buccmum  eyaneum, 
Purpura  lapUhs,  MangeHa  rufa,  Admete  viridula,  Rmgicula  ventricosa,  Littorma 
littorea,  Trochus  tumulus,  Scalaria  grcenlandica,  Natica  clausa,  and  (var.)  occhtm, 
helicoides,  and  catena.  Action  tornatiUs,  and  Conovulus  pyramidal**,  &c. 

In  the  newer  horizon  at  Butley,  the  vicinity  of  land  is  apparent,  this  marine  bed 
having  yielded  to  the  author  Ihtpa  margmata  (2),  Planorbis  complanatus  (2), 
Limnams  pereger  (1),  truncatulus  (1),  and  an  unnguredP  form. 

The  quiescent  nature  of  the  Red  Crag  seas  may  he  judged  from  the  exquisite 
state  in  which  every  species  (not  specimen)  may  he  obtained,  and  the  number  of 
perfect  bivalves  to  he  obtained  in  situ,  as  Terebratula,  MytUus,  Card/mm  angutt*- 
turn,  and  edule,  Astarte,  Gastrana,  Stolen,  Mactra,  and  PhoUu. 

A  list  of  all  the  species  of  Red  Crag  shells  known  was  appended  to  the  paper. 


Recent  Geological  Changes  on  the  British  Islands. 
By  the  Rev.  Jambs  Bbodeb  (Monimail,  Fifeshire). 

In  this  paper  the  author  arranged  his  observations  and  conclusions  under  the 
following  propositions : — 

1.  There  has  been  no  elevation  of  the  coasts  of  Britain  in  conseauence  of  subter- 
ranean agency  since  the  time  of  the  Roman  occupation. — St  Michael's  Mount  in 
Cornwall  is  now,  as  it  was  in  the  time  of  the  Greek  historian,  an  island  at  high 
water,  and  a  peninsula  at  the  ebb.  The  remains  of  Roman  buildings,  roads, 
embankments,  and  fortifications  which  have  been  discovered  in  Kent,  in  Norfolk, 
in  Lincolnshire,  in  the  valley  of  the  Forth  in  the  neighbourhood  of  Edinburgh, 
and  of  Stirling,  and  on  the  other  side  of  the  island  in  the  valley  of  the  Clyde  in 
Lanarkshire,  show  that  the  level  of  the  sea  and  land,  at  the  time  when  they  were 
formed,  was  the  same  as  it  is  at  present.  On  the  north-east  coast  of  Scotland, 
rude  sculptures  on  rocks,  kitchen  middens,  and  other  traces  of  the  prehistoric 
races  who  were  contemporary  with  the  Romans,  are  found  in  such  situations  as 
show  that  there  has  been  no  alteration  of  the  coast-level  since  they  were  formed. 
We  therefore  conclude  that  there  has  been  no  elevation  of  the  coast  of  Britain, 
either  sudden  or  gradual,  since  the  Roman  occupation. 

2.  The  last  elevation  of  the  Scottish  coast  was  sudden, — In  the  valley  of  the 
Forth,  near  Stirling,  several  skeletons  of  whales  have  been  found  imbedded  in  a 
bed  of  clayey  loam,  which  is  from  15  to  20  feet  in  thickness.  The  bones  are  so 
entire,  and  lie  in  such  regular  position,  as  clearly  to  prove  that  they  must  have 
been  enveloped  in  the  clay  that  surrounds  them,  while  the  ligaments  that  bound 
them  together  were  still  entire.  They  cannot  have  been  exposed  for  any  length 
of  time  to  the  action  either  of  the  water  or  of  the  air.  If  the  elevation  of  the 
coast  had  been  slow  and  gradual,  as  soon  as  the  bed  of  loam  came  to  be  exposed  to 
the  action  of  the  wind  and  ware,  it  would  have  been  washed  away,  and  the  skeletons 
thus  left  unprotected,  the  bones  would  have  been  weather-beaten,  broken,  and 
scattered.  A  similar  argument  may  be  employed  in  regard  to  some  shell-beds 
which  have  been  found  in  the  same  neighbourhood.  These  beds  lie  sometimes  in 
loam,  sometimes  in  sand.  They  are  from  6  to  15  feet  above  high-water  mark. 
The  shells  are  numerous,  and  remain  in  the  same  position  they  occupied  when  the 
animals  they  contained  were  alive.  In  the  valley  of  the  Clyde,  near  Glasgow, 
similar  beds  of  shells  are  found.  In  that  quarter  also  a  number  or  ancient  vessels 
have  been  found  imbedded  in  loam.  Some  of  them  were  20  feet  above  high- 
water  mark.  These  vessels  evidently  owe  their  preservation,  like  the  Stirling 
skeletons,  to  the  clay  that  surrounded  them,  and  we  conclude  that,  like  them, 
they  must  have  been  suddenly  elevated. 

8.  The  extent  of  this  elevation  was  between  80  and  40  feet. — The  surface  of  the 
bed  of  clay  in  which  the  skeletons  are  imbedded,  in  its  higher  parts,  is  28  feet 
above  ordinary  high-water  mark.  As  that  surface  must  have  formed  die  bottom 
of  the  estuary  before  the  elevation  took  place,  we  cannot  estimate  its  amount  at 
less  than  30  or  40  feet 

4.   This  elevation  took  place  some  two  t/wusand  yearn  ago. — Among  the  vessels 
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found  in  the  valley  of  the  Clyde  there  were  two  which  were  artistically  con- 
structed, and  had  the  appearance  of  ancient  galleys.  In  one  of  the  vessels  was  a 
plug  of  cork.  We  may  therefore  conjecture  that  these  were  trading-vessels  from 
some  of  the  Carthagenian  settlements  in  Spain  j  and  we  are  led  to  suppose  that 
the  date  of  the  catastrophe  that  destroyed  them  was  some  centuries  before  the 
Christian  era. 

There  are  indications  that  some  time  previous  to  this  elevation  the  coast  of 
Scotland  must  have  been  subject  to  earthquake  tremors,  like  those  that  recently 
occurred  at  Tortola  in  the  West  Indies,  but  of  greater  violence  and  extent.  There 
are  also  evidences  of  a  succession  of  elevations  and  depressions  of  a  remarkable 
kind  that  must  have  previously  taken  place. 

While  the  coasts  of  Britain  exhibit  no  trace  of  subterranean  agency  since  the  time 
of  the  Roman  occupation,  previous  to  that  date  they  must  have  been  subject  to  very 
violent  and  extensive  convulsions.        

On  the  Western  Asia  Minor  Coal  and  Iron  Basins,  and  on  the  Geology  of  the 
District.    By  Dr.  Hyde  Clabxb. 

The  author  describes  the  extensions  of  the  basins  first  discovered  by  him,  and 
which  includes  an  area  of  120  miles  by  120,  extending  over  the  districts  of  the 
Mseander  and  Hermus.  Dr.  Clarke,  referring  to  his  former  observations  on  the 
extension  of  mica-schist  across  the  Bosphorus  into  Europe,  suggests  the  possible 
connexion  of  the  Hurbklea  coal-mines  and  the  Asiatic  shore  of  the  Black  Sea,  and 
the  lignite  formations  on  the  European  shore.  The  latest  discoveries  in  the  main 
basin  are  of  coal  at  Birdik  in  the  upper  course  of  the  Meeander,  and  that  at 
Kayejik  in  the  district  of  Chiordes,  illustrating  the  easterly  extension.  Dr.  Clarke 
expresses  his  firm  conviction  that  this  old  gola  district  of  JPactolus  will  be  found  a 
productive  field.  _____ 

On  the  Skeleton  of  a  Fossil  Whale  recently  exhumed  on  the  Eastern  Coast  of 
Suffolk.    By  Edwards  Cbisp,  M.D. 

The  skeleton  of  this  whale  (the  first  perfect  skeleton  found  in  England)  had 
recently  been  exhumed  by  the  author ;  it  was  found  in  the  Chillesford  clay,  about 
10  feet  below  the  surface.  It  was  81  feet  in  length ;  measurements,  drawings, 
and  models  of  all  the  bones,  as  they  were  in  situ,  were  taken.  Many  or  the  bones, 
the  vertebrae  especially,  were  so  soft  that  they  fell  to  pieces  on  removal  j  but  the 
whole  skeleton,  the  author  said,  could  readily  be  partly  restored  by  means  of  the 
clay  models  and  plaster  casts. 

Dr.  Crisp  had  examined  and  measured  all  the  skeletons  of  modern  whales  in  the 
British  Museum,  and  in  the  Museum  of  the  College  of  Surgeons,  and  he  came  to 
the  conclusion  that  this  was  a  new  species  of  Bauena.  A  careful  comparison  had 
been  made  of  the  tympanic  bones  of  this  whale,  and  the  same  bones  of  many 
fossil  and  modern  whales,  and  thev  differed  from  all  at  present  examined.  Fossil 
shells,  impressions  of  shells,  and  fishes'  bones  were  found  in  the  clay  around  the 
skeleton.  Very  careful  investigations  were  needed,  and  much  work  had  to  be 
done,  the  author  said,  before  accurate  conclusions  could  be  arrived  at  The  paper 
was  illustrated  by  numerous  drawings ;  and  some  of  the  vertebrae,  portions  of  the 
ribs,  and  the  tympanic  bones  were  exhibited. 

On  the  Parallelism  of  the  Cretaceous  Strata  of  England  and  (he  North  of  France, 
with  those  of  the  West,  South-West,  and  Souflijrf France  and  the  North  of 
Africa.  By  Prof.  Henbi  Coqitaot,  of  Marseilles.  Translated  by  John 
Wickham  Flower. 

In  this  paper  the  author  observes  that  the  divisions  of  the  Cretaceous  beds, 
which  were  originally  established  by  English  geologists,  and  which  have  been 
generally  accepted  on  the  continent  of  Europe,  are,  in  fact,  altogether  insufficient, 
in  a  great  measure,  and  inapplicable  as  regards  any  other  district  than  England 
and  the  north  of  France.    Thus,  for  example,  as  we  approach  the  west  of  France 
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extensive  beds  of  limestone  and  sandstone,  characterized  by  Ostrea  biauriculata 
(and  which  are  entirely  wanting  in  England  and  the  north  of  France),  known  as 
the  Ores  du  Mans,  are  found  interposed  oetween  the  base  of  the  Lower  Chalk  and 
the  highest  beds  of  Chalk-marl. 

Proceeding  towards  the  Pyrenean  basin  more  important  modifications  occur. 
The  Ores  du  Mans  is  much  more  largely  developed,  and  comprises  a  great  abun- 
dance of  Hudistes.  Above  this  layer  are  found  the  marly  beds  of  the  Lower  Chalk ; 
and  above  these  again,  the  Angoumien,  Mornasicn,  and  Provemcien  strata,  equivalent 
together  to  a  thickness  of  2000  feet 

In  the  basin  of  the  Loire  another  horizon  is  found,  which,  in  its  turn,  supports  a 
solid  limestone  abounding  in  other  species  of  Rudistes ;  and  with  this,  the  Craic 
rnoyenne  of  the  south-west  and  south  of  France  terminates. 

The  author  then  proceeds  to  describe  the  Upper  Chalk  as  composed  of  four  dis- 
tinct layers,  each  characterized  by  a  distinct  iauna,  and  neither  of  which  are  met 
with  in  England  or  in  the  basin  of  the  Seine.  In  the  west  of  Provence  these  beds 
are  largely  developed ;  and  M.  Coquand  has  given  diagrams  and  lists  of  the  charac- 
teristic fossils,  which  seem  to  diner  essentially  from  those  found  in  similar  beds 
elsewhere. 

M.  Coquand  then  gives  a  description  of  the  Upper  Chalk  of  Provence,  dividing 
it  into  Coniacien  (ferruginous  limestone),  Santonien  (of  which  the  upper  portion  is 
fluviatnV),  and  Campamen  and  Dordomen,  both  consisting  of  freshwater  limestone, 
with  eignteen  distinct  beds  of  lignite,  and  attaining  a  thickness  of  from  1500  to 
1800  feet.  The  Campamen  and  the  upper  part  of  the  Santomen  furnish  large 
Quantities  of  coal:  and,  indeed,  Marseilles  and  the  surrounding  district  are  entirely 
dependent  upon  tnese  beds  for  their  supply  of  this  mineral 

The  cretaceous  beds  of  Algeria  are  next  described,  and  their  correspondence,  as 
regards  their  fauna  and  position,  with  the  Provencal  strata  before  describee  is 
shown ;  and  after  observing  that  by  a  comparison  of  Algeria  with  Provence,  Pro- 
vence with  Charente,  Charente  with  Sarthe,  Sarthe  with  Paris,  and  Paris  with 
England,  we  shall  be  able  to  recognize  the  various  links  of  the  Cretaceous  system, 
M.  Coquand  suggests  that  the  divisions  hitherto  recognized  by  English  geologists 
are  altogether  inadequate  to  indicate  the  true  character  of  the  chalk,  and  that  if  a 
general  classification  of  these  strata  were  now  to  be  established,  the  preference 
ought  to  be  given  to  Provence,  on  account  of  the  facility  of  finding  those  divisions 
larger  and  more  numerous,  and,  in  short,  presenting  more  classical  types. 

On  the  Formation  of  certain  Oolumnar  Structures.     By  J.  Cubby. 


On  the  Genus  Clisiophyllnm. 
By  Dr.  P.  Martin  Dtocan,  FJI.S.,  F.  and  Sec.  Oeol.  Soc. 

Great  numbers  of  specimens  of  several  species  of  this  genus  abound  in  the 
Lower  Carboniferous  limestone  of  the  Scottish  coal-field  at  JBeith,  Ayrshire,  Les- 
mahagow,  Lanarkshire,  Bathgate,  Linlithgowshire. 

Mr.  J.  Thomson,  of  Glasgow,  whose  photographs  of  sections  of  Carboniferous 
Corals  were  exhibited  at  the  last  Meeting  of  the  Association,  has  forwarded  me 
about  200  fine  specimens,  carefully  cut  in  sections,  and  in  excellent  order. 

A  careful  examination  of  these  has  enabled  me  to  arrive  at  the  following  con- 
clusions : — Dana,  the  great  American  zoophytologist,  originated  the  genus,  and 
M'Coy,  following  Dana,  gave  new  species  of  it  to  science,  and  had  sections  of  his 
types  lithographed  in  Sedgwick's  celebrated  work  on  the  Palsaozoic  fossils. 

Milne-Edwards  and  Jules  Haimes  retained  Dana's  name  Clisiopkyllum  in  their 
description  of  the  genus  in  the  Introd.  Pal  Soc.,  in  their  Des.  des  Pol  des  Terrains 
Palseoz.,  and  in  their  Hist.  Nat.  des  Coral!  But  they  have  added  a  most  im- 
portant structural  peculiarity  to  the  genus.  Doubtless  they  had  better  specimens 
than  Dana  and  M'Uoy ;  for  nothing  can  be  more  evident  than  the  existence  in  the 
axis  of  the  corals  or  the  genus  of  a  great  lamella,  ending  at  the  bottom  of  the 
calice  in  a  prominent  ridge.  The  ridge  was  noticed  by  the  previous  authors,  but  not 
the  lamella.  Yet  this  lamella  determines  the  peculiar  construction  of  the  central 
parts  of  the  coral     M'Coy,  in  the  description  of  one  of  his  species,  says  that  a 
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large  septum  exists  across  the  central  area,  but  in  another  place,  and  in  his  draw- 
ings there  is  nothing  of  the  kind. 

JThose  palaeontologists  who  study  from  M'Ooy  are  therefore  at  a  very  great  dis- 
advantage. The  correctness  of  the  views  of  Milne-Edwards  and  Jules  Haimes  is 
beyond  a  doubt,  and  CUsiophyUum  of  Ed.  and  H.  is  thus  readily  separable  from 
the  closely  allied  genera  AulophyUum  and  CydopkyBum.  The  genus  is  interesting, 
because  the  apparent  prolongations  of  the  septa  over  the  central  boss  to  the  colu- 
mella are  indications  of  the  pali  which  abound  in  many  Mesosoic  genera,  and  also 
because  it  is  closely  allied,  from  its  minute  structure,  with  the  well-known  com- 
pound forms  of  LoHsdaleia  and  LUhostroUon.  This  alliance  was  asserted  by  Dana. 
The  specimens  prove  that,  although  they  may  be  arbitrarily  divided  into  three 
species,  still  the  gradation  of  structure  between  the  types  of  these  species  is  per- 
fectly shown  in  some  of  the  numerous  examples.  Moreover,  the  variation  in  some 
of  the  structures,  which  are  generally  considered  sufficiently  stable  to  be  safe 
guides  in  species-making,  is  immense.  In  fact  no  better  proof  can  be  given  that  a 
species  is  the  sum  of  a  greater  or  less  amount  of  variation,  instead  of  a  fixed  and 
definite  matter,  than  that  afforded  by  these  Scottish  corals. 

The  specific  differentiation  must  be  decided,  not  by  the  shane,  or  size,  or  septal 
number  of  the  corals,  but  by  the  me  of  the  central  area,  the  obliquity,  straightneas, 
and  quantity  of  the  endotheca  generally,  and  the  number  and  direction  of  the 
septa  which  cover  the  central  area.  

On  the  Denudations  of  Norfolk.    By  the  Rev.  0.  Fisher. 

The  author  first  called  attention  to  the  denudations  upon  the  land  surface, 
stating  that  a  certain  amount  of  the  fine  material  was  being  carried  into  the  rivers, 
and  by  them  deposited  at  the  heads  of  the  broads  or  in  the  sea.  This  denudation  by 
pluvial  action  was  undoubtedly  greater  where  the  land  was  under  the  plough 
than  it  would  be  otherwise.  Upon  the  coast  the  sea  was  reducing  the  solid  surface 
to  a  uniform  level.  Where  the  land  was  high  it  cut  away  the  bottoms  of  the 
cliffs,  which  then  foundered  down,  and  the  fallen  matter  was  m  its  turn  carried  off; 
and  where  it  was  low  the  general  contour  of  the  coast  was  being  continued  by  sand 
dunes  or  "  Marram  Hills ; "  so  that  where  the  end  of  a  valley  was  submerged,  its 
bottom  was  being  raised  seaward,  and  reduced  to  a  uniform  level  and  continuous 
coast-line.  But  when  the  waves  had  played  their  part,  the  action  of  the  sea  was 
not  ended.  As  the  sea  cut  further  into  tne  land,  the  ground  laid  under  water  became 
subject  to  the  action  of  tides,  so  as  to  be  kept,  on  the  whole,  at  a  uniform  depth 
for  a  given  distance  from  land.  If  the  waste  of  the  shore  was  prevented  by  arti- 
ficial means,  the  sea  was  found  to  deepen  rapidly,  and  the  inclination  of  the  bottom 
from  the  shore  to  be  increased.  This  marine  action,  if  considered,  did  not  appear 
possible  to  rive  rise  to  any  very  great  inequality  of  surface,  but,  on  the  other  Land, 
it  must  tend  to  reduce  those  already  existing. 

All  great  inequalities  of  the  sea-bottom  must  either  have  been  caused  by  the 
land  having  become  submerged  more  rapidly  than  the  sea  had  time  to  move  its 
coast-line,  or  else  by  elevations  and  depressions  taking  place  beneath  the  ocean, 
or,  in  a  few  instances,  by  powerful  currents  confined  by  local  circumstances  to  a 
narrow  course.  Since  the  tides  deepen  the  sea  below  the  level  to  which  the  waves 
act  upon  the  coast,  it  must  follow  that  the  harder  rocks  must  be  lowered  more  slowly 
than  softer  ones,  and  shoals  be  formed.  It  was  to  such  a  denudation  as  that  just 
described  that  the  form  of  the  surface  of  this  county  might  be  supposed  to  be  due 
at  the  period  preceding  the  deposition  of  the  Crag.  It  might  be  safely  supposed 
that  the  sea-bottom  at  the  period  of  the  Crag  consisted  of  a  shoal  bottom  of  chalk, 
nearly  level  on  the  eastern  side  of  our  area,  while  the  same  stratum  rose  as  dry 
land  to  a  considerable  elevation  towards  its  central  and  western  portions.  But 
there  was  no  distinct  indication  of  the  position  and  ancient  coast-line  of  the  Crag 
sea,  though,  no  doubt,  it  extended  further  inland  than  Norwich,  Horstead,  and 
Coltishall :  indeed  the  author  saw  no  reason  to  doubt  that  the  remnants  of  ferru- 
ginous shelly  gravel  adheringto  the  surface  of  the  chalk  on  the  beach  at  Lower 
Sherrington^  belong  to  it  The  appearance  of  the  chalk  at  Bungay  and  of  the 
Upper  Norwich  Crag  at  Aldeby,  near  Beccles,  would  place  the  junction  of  the  two 
deposits  somewhere  between  Beccles  and  Bungay. 
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There  were  no  data  for  determining-  the  coast-line  of  the  Crag,  but  it  was  pro- 
bably a  line  of  cliffe  extending  in  a  direction  somewhat  paralled  with  the  present 
eastern  coast  of  Norfolk,  and  about  twenty  miles  westward  of  it  At  Yarmouth, 
where  the  London  clay  covered  up  the  chalk,  a  different  condition  of  things  must 
have  obtained.  Indeed,  in  early  postcretaceous  times,  there  seems  to  have  been  a 
depression  of  erosion  in  course  of  the  valley  of  the  Waveney  and  the  Little 
Ouse.  There  is  no  evidence  that  the  sea  of  the  Crag  period  occupied  any  part  of 
the  present  estuary  of  the  Wash.  It  is  probable,  on  the  other  hand,  that  the 
chalk  must  have  extended  considerably  to  tne  westward  of  its  present  escarpment. 

Immediately  upon  the  chalk  at  Thorpe,  where  the  Crag  rests  upon  it,  is  a  thick 
bed  of  angular  flints,  which  appears  to  be  the  accumulated  result  of  the  removal  of 
the  chalk  intervening  between  several  successive  layers.  It  is  amongst  theee 
flints  that  numerous  bones,  teeth,  and  tusks  of  Mastodon  and  Mephas  meridionaUs 
and  other  mammalia  occur.  The  author's  opinion  was  that  the  chalk  to  which  these 
flints  are  due  was  removed  by  the  erosion  01  currents,  which  were  not  strong  enough 
to  remove  the  flints.  To  account  for  the  bones  found  amongst  these  flints  there 
was  the  alternative  that  the  chalk  formed  a  land  surface  on  which  bones  were  left, 
the  flints  being  accounted  for  by  subaerial  solution  of  the  chalk.  After  discussing  the 
difficulties  which  this  supposition  raised,  he  proceeded  to  consider  the  succession 
of  events  subsequent  to  the  period  of  the  Crag.  As  to  the  Chillesford  clay,  the 
author  recanted  his  formerly  published  view  (referred  to  by  the  President  of  the 
Section),  and  added  that,  although  he  agreed  with  Messrs.  Wood  regarding  the 
sequence  downwards  from  the  Chillesford  clay  to  the  Crag,  whether  red  or  fluvio- 
marine,  he  did  not  think  that  its  position  relative  to  the  Forest-bed  and  glacial 
series  above  was  yet  satisfactorily  made  out,  and  expressed  an  opinion,  rendered 
probable  by  the  occurrence  of  whales*  bones  in  both,  that  it  might  be  identical 
with  the  soil  in  which  the  preglacial  Forest-bed  was  rooted. 

The  author  then  traced  the  course  of  events  until  the  close  of  the  glacial  period, 
adopting  Mr.  S.  V.  Wood,  jun.'s  views  of  their  division  into  "  Lower,"  "  Middle," 
and  "  Upper  Drift."  He  showed  that  the  contortions  in  the  lower  drift  were  chiefly 
due  to  the  precipitation  of  large  masses  of  gravel,  chalk,  &c  upon  a  soft  bottom,  and 
proved  that  Mr.  Trimmer's  supposition  of  the  sinking  of  blocks  of  ice  was  a  neces- 
sary result  of  the  thawing  of  masses  containing  a  portion  of  earthy  matter ;  and  he 
explained  the  anomalous  position  of  patches  of  shelly  gravels,  containing  abun- 
dance of  TeUma  toUdtda,  by  supposing  them  portions  of  frozen  beach  deposited  un- 
thawed  at  the  bottom  of  the  sea. 

The  author  subsequently  referred  to  the  denudations  by  which  the  present  con- 
tour of  the  surface  has  been  formed.  He  thought  that  we  must  look  to  the  action 
of  the  sea  for  the  removal  of  the  greater  part  of  the  strata  which  have  disappeared, 
but  to  subaerial  action  for  the  present  contour  j  and,  referring  to  his  published 
views,  attributed  the  latter  to  the  action  of  land-ice.  To  this  he  considered  due 
the  peculiar  disturbed  condition  of  the  first  three  or  four  feet  of  almost  every  sec- 
tion, and  the  furrows  often  extending  to  more  than  twice  that  depth,  filled  with 
materials  from  higher  ground  in  rear.  He  adduced  also  the  recurved  edges  of 
vertical  slate-beds,  to  be  met  with  even  on  level  ground,  as  evidences  of  the  same 
action. 

The  author  then  remarked  upon  some  of  the  peculiarities  of  the  surface-contour 
of  Norfolk,  especially  its  Broads  and  Meres,  ana  suggested  that  they  had  probably 
a  glacial  origin,  and  arose  from  the  occupation  of  the  surface  hereabout  by  ice  at  a 
later  date  than  in  other  parts  of  England,  as  now  the  January  Isothermal  of  32°  F. 
approaches  nearest  to  this  part  of  England.  It  must  be  premised  that  a  low  mean 
temperature  is  necessary  for  the  production  of  land-ice,  although  not  for  floating 
ice,  which  is  carried  by  currents  into  temperate  regions.  He  likewise  attempted 
to  explain  the  remarkable  flat  valley  occupying  the  watershed  at  Lopham  Ford 
by  glacial  denudation.  

On  the  SIcuU  and  Bones  of  an  Iguanodon.    By  the  Rev.  W.  Fox. 
The  object  of  this  paper  was  to  show  that  the  author  has  discovered  a  new 
species  of  Iguanodon.    In  proof  of  this  he  exhibited  a  skull,  which,  from  the  cha- 
racter of  its  teeth,  there  could  be  no  doubt  belonged  to  an  Iguanodon.    The  skull, 
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^ued,  was  too  small  to  belong  even  to  the  newly  hatched  young  of  the  species 
antctti.    Besides  this,  the  skull  showed  that  his  new  species  had  teeth  in  the 

of  the  mouth  of  a  conical  and  prehensile  character,  which  the  well-known 
es  has  not.  The  author  further  stated  that  he  has  discovered  several  other 
st  perfect  skeletons  of  Iguanodons  similar  in  size  to  that  to  which  the  small 

belonged ;  and  that  all  these  remains  came  from  different  parts  of  one  and 
irae  bed  in  the  Wealden  formation  near  Brixton,  in  the  Isle  of  Wight.  The 
>er  of  these  small  specimens,  unmixed,  as  it  seems  they  were,  by  bones  of 
r  individuals,  he  assigns  as  another  reason  for  regarding  these  bones  as  indica- 
>f  a  new  species.  It  appears  also  that  this  new  species  had  four  toes  in  the 
foot,  whereas  (if  Owen  has  made  no  mistake)  the  large  Iguanodon  had  but 
Again,  the  new  species,  if  it  be  such,  has  its  iliac  bones  much  more  ex- 
jd  and  bird-like  than  the  same  bones  in  I.  Mantelli.  And  lastly,  the  author 
d  that  the  bones  of  these  small  specimens  cannot  have  belonged  to  the  young 
e  Iguanodon  Mantelli,  because  he  has  specimens  where  he  can  see  in  situ  liga- 
il  bones  stretching  between  the  neural  spines  of  the  vertebrae ;  for,  so  far  as 
tow,  the  ligaments  of  animals  never  become  ossified  till  they  have  attained 
isiderable  age.     It  appeared  also  from  this  paper  that  the  author  had  made 

accumulation  of  Iguanodon  bones  and  teeth  01  various  sizes,  and  from  these 
ed  to  believe  that  not  only  is  the  small  Iguanodon  in  question  a  new  species, 
at  there  were  probably  several  species  of  the  Iguanodon  family  existing  at 
ne  when  the  Wealden  formation  was  being  deposited. 


the  inapplicability  of  Fossil  Plants  to  support  flu  Theory  of  Gradual 
Transformation.     By  Professor  Goppebt. 


irtificial  Rocking -stones,  an  experiment.     By  W.  R.  Grove,  F.R.S. 

e  short  time  ago,  during  an  excursion  in  Cornwall,  the  author's  attention 

Rurally  directed  to  rockinjy-stones,  and  those  approximations  to  rocking- 

which  are  seen  in  the  granite  where  it  is  exposed  to  the  action  of  heat  and 

ir  and  water.    It  need  hardly  now  be  contended  that  rocking-stones  are  na- 

esults,  and  not  superposed  on  their  pedestals,  as  was  once  believed,  by  the 

f  man. 

•ughout  the  greater  part  of  the  granitic  rock3  of  the  west  coast  of  Cornwall 

ons  are  to  be  seen  approaching  in  character  to  rocking-stones  or  to  discoid 

ke  the  Cheesewing. 

e  suppose  a  slab  of  stone  of  a  parallelopiped  form  lying  on  another,  both 

flat  surfaces — or;  in  other  words,  such  slabs  as  are  formed  by  fissures  in 
tal  and  perpendicular  directions,  which  are  common  in  exposed  granite 
•the  attrition  and  disintegration  produced  by  changes  of  weather,  of  tempo- 
Ac,  would  necessarily  act  to  the  greatest  extent  at  the  corners,  and  next  to 
the  edges,  because  these  parts  expose  respectively  the  greater  surfaces  com- 

ith  the  bulk  of  the  stone.  This  would  tend  to  round  off  all  the  angles  and 
ly  change  the  rhomb,  more  or  less  towards  an  oblate  spheroid.    This  would 

for  the  Cheesewing  &c.  But  then,  it  may  be  asked,  why  should  this  pro- 
i dually  work  on  to  a  rocking-stone  ?  in  other  words,  why  should  the  last 

point,  points,  or  line  be  in  the  line  joining  the  centre  of  gravity  of  the 
;one  with  that  of  the  earth  ? 

an  accident,  it  may  be  said,  might  happen,  but  the  chances  are  almost 
to  a  unit  against  it.  Not  so.  Assume  the  wearing  away  between  the 
•  reach  a  point  which  is  not  in  the  line  of  centres  of  gravity :  the  upper 
3iild  then  fall  on  one  side,  leaving  the  unworn  point  most  exposed  to  cli- 
od  probably  to  electro-chemical  action  from  the  water  lying  in  the  angle 
re  vice,  evaporation  being  less  rapid  there  than  at  other  parts.  This  point 
len  be  worn  away  and  the  stone  would  tall  back  a  little,  then  fresh  action 
v  surfaces,  another  oscillation,  and  so  on.  The  effects  above  explained  as 
dace  by  steps  would  in  fact  take  place  by  insensible  progression.  As- 
his  process,  unless  there  be  some  interfering  action,  it  becomes  not  impro- 
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bable  that  the  last  point  or  line  worn  away  would  be  the  point  or  line  on  which, 
from  its  being  in  the  line  of  centres  of  gravity,  the  upper  stone  would  rock. 

After  seeing  the  great  Logan  Stone  near  the  Lands  End,  so  many  other  approx- 
imations to  roclriDg-stones  along  that  coast  were  traced  that  it  seemed  proved,  as  far 
as  could  be  expected  on  such  a  subject  of  inquiry,  that  this  was  a  correct  theory.  If 
this  view  were  true,  it  seemed  probable  that  the  operations  of  nature  might  be 
hastened  so  as  to  produce  artificially  (if  such  a  term  may  be  used)  the  rocking-stone 
results.  A  very  little  thought  suggested  the  experiment.  Two  parallelopipeds  of 
iron,  which  had  been  made  for  keepers  of  magnets,  were  taken,  similar,  but  that  one 
was  twice  the  length  of  the  other.  The  shorter  was  superposed  on  the  longer,  and 
both  immersed  in  sulphuric  acid  diluted  with  three  times  its  volume  of  water- 
Some  nitric  acid  was  added  at  first  to  hasten  the  corrosion.  Tae  liquid  waa 
changed  from  time  to  time  as  it  became  nearly  saturated,  but  without  changing 
the  position  of  the  iron.  At  the  end  of  three  or  four  days  the  pieces  of  iron  were 
taken  out,  washed,  and  examined,  when  the  upper  one  was  found  to  be  a  perfect 
analogue  of  a  rocking-stone,  so  delicately  balanced  on  two  points  that  it  could  be 
made  to  rock  by  blowing  on  it  with  the  mouth  [result  shown]. 

It  was  observed  in  this  experiment  that  the  iron  rocked  only  in  one  direction. 
Such  is  the  case  with  the  gjreat  Logan  Stone,  and  possibly  with  the  greater  num- 
ber of  rocking-stones.  It  is  obviously  more  probable  tnat  a  stable  equilibrium 
should  be  attained  on  two  points  than  on  one.  A  specimen  capable  of  rocking  or 
spinning  on  one  point  has  not  yet  been  obtained  [approximation  to  this  shown  by 
two  zinc  disks,  and  explained].  If  the  surfaces  of  the  slates  be  in  such  close  contact 
that  there  is  not  room  for  circulation  of  the  saturated  liquid,  a  formation  like  those 
near  the  Cheesewing  will  be  effected ;  or  if  a  number  of  disks  or  slates  be  superposed 
and  the  lower  ones  more  exposed  to  the  weather,  so  as  to  catch  the  dripping  and  drift- 
ing water  from  the  upper,  we  should  get  a  formation  exactly  like  the  Cheesewing, 
which  may  be  called  an  incipient  compound  rocking-stone,  in  that  each  slab  is  worn 
away  at  the  edges,  and  the  lower  ones  much  more  than  the  upper,  so  that,  if  left 
alone,  which  it  will  not  be,  and  if  it  does  not  topple  over  too  soon,  which  it  pro- 
bably will,  it  might  well  end  in  a  rocking-stone.  very  possibly  it  may  rock  now 
in  a  great  storm.  

On  the  Alternate  Elevations  and  Subsidences  of  the  Land,  and  tlie  order  of 
Succession  of  Strata  in  Norfolk  and  Suffolk.     By  the  Rev.  J.  Gttwh. 

This  paper  is  supplementary  to  that  read  by  the  author  at  the  Meeting  of  the 
British  Association  at  Dundee  on  the  u  Periodic  recurrences  of  Oscillations  of  Level 
and  Changes  of  Climature,"  which  may  be  said  to  have  reached  their  maximum. 
Some  of  a  more  limited  and  local  operation,  which  appear  to  have  taken  place 
during  the  progress  of  one  elevation  or  subsidence  to  another,  formed  the  subject 
of  this  paper.  Among  these  the  author  particularized  an  upheaval  which  took 
place  during  the  formation  of  the  river-valleys,  and  may  be  seen  at  Lophamford 
in  Norfolk.  There  the  singular  phenomenon  or  a  watershed  presents  itself  in  the 
lower  part  of  the  valley,  from  which  watershed  the  Waveney  and  the  Little  Ouse 
take  their  rise.  A  road  traverses  the  valley  descending  from  the  high  land  of 
South  Lopham,  and  leading  to  the  high  land  on  the  opposite  side  in  Suffolk.  From 
either  side  of  this  road  the  water  rises  which  forms,  or  rather  is  the  commence- 
ment of  these  rivers,  which,  together  with  a  few  feet  of  the  causeway,  form  the 
boundary  of  Norfolk  and  Suffolk.  It  is  evident  that,  had  the  watershed  been 
originally  on  this  spot,  the  upper  part  of  this  valley  (about  fifty  feet)  could  not  have 
been  excavated,  and  that  the  present  arrangement  is  due  to  an  upheaval,  which 
caused  the  water,  which  had  previously  flowed  in  one  direction,  to  now  to  the  east 
and  to  the  west  on  either  side  of  the  watershed.  A  magnificent  bed  of  valley- 
gravel  near  the  ford,  on  the  Suffolk  side,  attests  the  power  of  the  original  streamy 
which  is  now  divided  and  dwindled  to  a  small  rill  by  this  oscillation  of  levels. 

The  author  next  referred  to  the  Forest-bed  on  the  Norfolk  and  Suffolk  coast  and 
the  laminated  series  overlying  it,  observing  that  no  deposit  more  strikingly  exhi- 
bited the  effects  produced  by  alternate  elevations  and  depressions  than  the  Forest- 
M.    It  was  formed,  in  part,  at  least,  in  a  basin  of  chalk,  which  was  covered  with 
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a  mastodon-bearing  bed  of  angular  flints ;  and  its  position  was  well  defined,  as  it 
was  nearly  uniformly  on  the  horizon  of  high- water  level ;    and   consequently, 
wherever  the  chalk  met  that  horizon,  the  Forest-bed  existed  upon  it,  as  at  Cromer 
and  Runton.    Though  not  easy  to  ascertain  its  south-eastern  boundary,  as  the 
chalk  did  not  extend  there,  yet  it  might  be  presumed  to  be  a  mastodon-bearing 
bed  atEastonBavent,  upon  which  the  Forest-Ded  abutted,  as  it  did  upon  the  chalk, 
without  overlying  it.    It  was  composed  of  a  lijjht  blue  clay  remarkable  for  false 
stratifications  ana  an  indurated  gravel,  answering  to  the  loess  and  valley-gravel, 
which  marked  another  point  of  agreement  with  the  river- valley  formations.   These 
component  parts,   especially  the  gravel,   abound  with  the  remains  of  several 
species  of  JSlephas  and  Cervus,  which  were  found  not  rolled  but  sharply  broken, 
together  with  the  bones  of  cetaceans  of  enormous  size,  and  much  drifted  wood, 
facts  which  indicated  that  the  Forest-bed  was  a  fluviatile  or  estuarine  deposit  open 
to  the  sea,  and  that  the  Elephantine  and  Cervine  remains  had  been  earned  into  it 
by  some  powerful  current.    He  regarded  the  German  Ocean  as  the  vast  trough  or 
river-bed,  into  which  many  tributary  rivers  poured  their  waters  on  the  right  and 
left  banks,  but  closed  by  chalk  hills  to  the  south,  so  as  to  afford  a  communication 
between  this  country  and  the  Continent,  and  a  way  for  the  mastodon,  elephant, 
and  other  mammals  to  traverse.    The  soil  of  the  Forest-bed,  after  being  thus 
deposited,  was  raised  to  the  surface,  the  forest  grew  upon  it,  a  great  change  in 
fauna  took  place,  different  species  of  elephants  and  deer  were  introduced,  and 
then,  after  remaining  stationary  for  a  long  period,  a  gradual  subsidence  commenced 
and  the  laminated  series  began  to  be  formed.    After  showing,  from  the  researches 
of  palaeontologists,  that  with  these  laminated  beds  the  temperature  progressively 
lowered,  the  author  enumerated  these  beds:  namely,  the  freshwater  beds,  as  at 
Mundesley  and  Runton ;  then  the  brackish  feeds,  as  the  Pinna-bed  at  Mundesley ; 
next,  marine,  and,  among  them,  the  Upper  Noiwich  Crag,  and  the  Ohillesford 
sand  and  clays,  as  the  land  continued  to  subside,  were  deposited  successively  in 
deeper  and  deeper  water,  and  with  shells  of  an  increasingly  arctic  character.    In 
thus  placing  the  Chillesford  sand  and  clays  above  the  Forest-bed,  he  had  deviated 
from  the  opinion  entertained  by  Mr.  Prestwich  and  other  geologists,  and  formerly 
by  himself;  but  a  close  examination  of  the  Chillesford  clay  at  Chillesford  had  led 
him  to  affirm  the  identity  of  the  clay  deposited  at  other  places  which  he  men- 
tioned.    Reference  was  then  made  by  the  author  to  the  finding  by  Dr.  Woodward 
in  the  laminated  series  at  Scratly,  of  a  specimen  of  the  Voluta  Lambertii.    The 
identity  of  these  beds  was  further  increased  by  other  gentlemen  finding  the  same 
ihell  in  them. 

Passing  over  Mr.  Woodward's  corroboration  of  the  true  position  of  the  Forest- 
Jed,  the  author  referred  to  Sir  C.  LyelTs  '  Principles, '  wherein  he  remarked  that 
he  refrigeration  of  the  climate,  evidenced  by  shells  of  an  arctic  character  in  the 
/hillesford  beds,  was  such  as  to  render  a  change  of  climate  and  an  oscillation  of  its 
>vel  necessary  for  the  introduction  of  the  Forest-bed,  which  he  was  inclined  to 
<g*ard  as  interglaciaL  With  all  respect  to  Sir  C.  Lyell,  the  author  said  it  appeared 
>  him  that  if  such  were  the  case,  there  would  be  shells  of  an  arctic  character 
covered  prior  to  the  Forest-bed,  whereas  all  the  antecedents  of  the  bed,  especially 
e  mammalian  remains,  evidenced  a  continuous  progression  from  the  warmer  cli- 
iture  of  the  Mastodon-bearing  bed  to  the  more  temperate  climature  of  the  Forest- 
I.  The  Mastodon  altogether  disappeared  in  it,  but  the  Elephas  (Loxodon) 
ridionalis  retained  all  the  rugosity  of  its  disks.  The  author  next  spoke  of  the 
mmaliferous  bed  of  flints,  containing  remains  of  the  Mastodon  arvernensis,  as 
iug  been  regarded  as  part  of  the  mammaliferous  Crag,  but  he  considered  that  it 
'ht  to  be  placed  in  tne  older  Pliocene,  while  the  upper  parts  of  it  should  be 
£-ried  to  the  Pleistocene.  No  mention  had  been  made  by  nim  of  the  Coralline 
Red  Crags,  because  he  was  inclined  to  regard  them  as  members  of  an  entirely 
inct  river-system.  An  examination  of  changes  "  of  oscillation  "  of  the  levels 
bt  be  carried  into  the  older  strata,  so  as  to  afford  proofs  of  repeated  subsidences 
reele  vationa  of  the  site  of  the  present  German  Ocean,  which  would  render  the 
e  statements  quite  common-place. 
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On  some  recent  Discoveries  of  Fossils  in  the  Cambrian  Hocks. 
By  Henry  Hices,  M.M.C.S.E. 

In  the  a  Report  on  the  Menevian  Group  and  the  other  Formations  at  St.  David's  " 
to  the  British  Association  in  1806,  by  Mr.  Salter  and  the  author,  it  was  stated  that 
no  fossils  had  at  that  time  been  discovered  by  them  during  their  researches  in  the 
neighbourhood,  below  the  topmost  purple  beds  of  the  Cambrian  rocks,  or  rather 
in  that  series  consisting  of  purple,  red,  and  green  sandstones,  shales,  and  conglo- 
merates, well  known  to  belong  to  the  "  Harlech  group  "  of  Prof.  Sedgwick,  and 
(i  Upper  Longmynds  "  of  Sir  11.  Murchison. 

In  the  summer  of  last  year,however,  the  author  was  fortunate  enough  to  find  a  small 
Lingiddla  in  one  of  the  red  beds  at  the  upper  part  of  the  series,  and  soon  after- 
wards the  same  species  in  beds  much  lower,  along  with  indications  of  other  fossils. 
During  the  present  summer,  again,  the  author  has  been  able  to  go  still  deeper,  and 
to  prove  beyond  doubt  the  presence  in  the  series  of  a  really  rich  fauna,  com- 
prising species  belonging  to  no  less  than  ten  different  genera  (in  addition  to  the 
tracts  and  burrows  of  Annelids),  and  consisting  of  Trilobites,  Phyllopods,  Bracbio- 
pods,  and  Pteropods.  Therefore  that  portion  of  the  Cambrian  rocks  known 
as  the  "  Harlech  group  "  or  "  Upper  Longmynds,"  cannot  henceforth  (and  as  it 
has  hitherto  been)  be  classed  with  the  so-called  sterile  bases  of  the  fossiliferous 
rocks,  but  rather  looked  upon  as  a  highly  important  group,  which  contained  the 
imperishable  monuments  of  almost  the  earliest  states  of  life  known.  These  dis- 
coveries also  seem  to  lead  the  mind  at  once  to  anticipate  the  more  than  probable 
fact,  that  wherever  sedimentary  rocks  occur,  evidence  of  former  life,  in  some  shape, 
is  likely  to  be  present,  and  also  to  be  disclosed  ere  long. 

The  section  exhibited  was  taken  across  the  line  of  strike  of  the  Cambrian  beds, 
on  the  coast  to  the  south  of  St.  David's,  extending  from  the  central  mass  of 
altered  bods  (syenite  of  the  Survey  map")  to  the  base  of  the  "  Menevian  group," 
and  including  over  1500  feet  of  nearly  vertical  strata,  comprising  in  ascending  order, 

feet 

1.  Conglomerates    60 

2.  Olive-green  sandstones  ....  250 
f  8.  Bed  and  purple  sandstones.   850 

Fossiliferous  J  4.  Yellowish  and  greenish  sand- 
series.      |         stones   800 

\h.  Purple  and  red  sandstones. .  100 
A  few  grey  beds  at  the  base 
of  the  "  Menevian  Group." 

Over  1200  feet  of  the  section  are  now  known  to  contain  fossils,  and  to  have  be- 
longed to  a  period  when  the  Crustacea,  Brachiopoda,  and  the  Annelida  were  in 
existence;  the  lowest  fossils  found,  next  to  the  Annelid  markings  and  tube?, 
being  Ltngvlella  and  a  small  bi valve d  crustacean  nearly  allied  to  Leperditia*  The 
valves  of  the  latter  are  found  as  small  ovate,  convex  plates.  The  author's  friend  ^Ir. 
Salter,  to  whom  he  sent  some  specimens,  states  that  the  "  regular  convexity  and  mar- 
ginate  outline  show  them  to  be  nearly  perfect  valves.  The  oblique,  parallel,  but 
inosculating  plication  agrees  with  crustacean  ornament,  and  no  other ;  and  the  evi- 
dently thin  shell  (with  no  lines  of  growth)  suggests  a  carapace  of  a  crustacean, 
and  not  the  shell  of  a  Brachiopod,  which  is  the  only  obvious  alternative."  These 
occur,  along  with  Lingidclla  ferruginca,  in  some  rather  fine-grained  red  beds  inter- 
vening between  the  olive-green  grits,  almost  at  the  base  of  the  section,  and  the 
purple  sandstones  above.  They  are  also  tolerably  plentiful ;  but  the  colour  of  the 
rock  is  rather  unfavourable  to  the  exhibition  of  their  minute  characters.  In  the 
succeeding  thick  and  compact  beds  of  purple  sandstones  scarcely  any  traces  of 
fossils  have  been  foundxnor  indeed  until  about  50  feet  of  the  yellowish  sand- 
stones of  the  overlying  series  have  been  passed.  We  then,  however,  meet  with  a 
bed  exceedingly  rich  in  fossils,  equalling,  indeed,  in  richness  any  of  the  beds  of  the 
"  Menevian  group ;'  but  nearly  the  whole  of  those  above  and  below  seem  almost 
altogether  barren  ;  and  the  author  cannot  help  thinking  that  this  strange  barren- 
ness in  close  proximity  to  a  very  rich  colony,  along  with  the  fact  that  sucn  colonies 
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are  often  separated  by  several  hundred  feet  of  barren  strata,  is  one  of  the  chief  rea- 
sons why  a  Cambrian  fauna  has  not  been  discovered  before. 

The  fossils  already  discovered  in  this  bed  include  a  new  genus,  PhUotria,  with 
species  of  Paradoxides,  Mierodiscus,  Conocoryphe,  Agnosias,  Theca,  IHscina,  OboleUa, 
and  Lingtilellai  the  shells  seem  much  like  species  in  the  "  Menevian  group,"  and 
are  probably  identical  j  but  the  Trilobites  are  all  new  species,  and  the  new  genus, 
for  which  the  author  proposes  the  name  Plutonia,  is  only  known  to  occur  in  these  beds. 
This  remarkable  fossil  is  of  very  large  size,  equalling,  indeed,  in  this  respect  Paradox- 
ides  Davidis.  It  is  perhaps  also  more  nearly  allied  to  the  genus  Paradoxides  than 
to  any  other  known,  but  its  peculiar  character  of  being  covered  all  over  with  very 
strong  tubercles,  associated  with  an  unusual  position  for  the  eye  suture,  and  straight, 
very  long  thoracic  pleurae,  is  sufficient  to  stamp  it  a  new  ana  distinct  genus, 

Kesting  upon  the  yellowish-grey  rocks  in  which  this  richly  fossiliferous  bed 
occurs,  is  another  series  of  purple  and  red  sandstones,  also  slightly  fossiliferous  5 
and  these  directly  underlie  the  grey  beds  of  the  "  Menevian  group,"  which  con- 
tain Paradoxides  Aurora  and  other  fossils.  Mr.  Salter  and  the  author  have  at  dif- 
ferent times  proposed,  in  consequence  of  the  lithological  resemblance  of  the  lower  or 
Paradoxides  Aurora  beds  of  the  "  Menevian  group"  to  some  of  the  beds  of  the  "  Har- 
lech group,"  to  have  the  "  Menevian "  included  in  the  Lower  Cambrian.  This 
now  seems  to  the  author  more  than- ever  necessary,  and  on  pahBontological  grounds ; 
for  the  genera,  so  far  discovered,  are  either  identical  or  very  nearly  allied ;  and  some 
of  the  species  are  the  same  in  both  groups.  On  the  other  hand,  there  is  very 
little  connexion  palseontologically  between  the  lt  Menevian  group  and  the  over- 
lying "  Ffestiniog  group."  No  representatives  of  the  more  remarkable  "  Mene- 
vian "  genera  appear  there  j  Paradoxides,  Microdiscusf  Erinnys,  &c.  are  entirely 
absent,  the  very  far-ranging  genera  Agnostm  and  Conocoryphe  seeming  alone  of 
the  Crustacea  to  reach  upwards.  Even  with  our  present  knowledge,  therefore, 
of  the  two  faunas  "Harlech"  and  "Menevian,"  an  unusually  close  connexion 
must  be  allowed  to  exist  between  them;  and  doubtless  the  more  we  know  of 
the  two,  the  more  intimate  will  this  yet  seem,  and  the  more  shall  we  see  the 
necessity  of  uniting  both  in  the  same  geological  division.  To  separate  two  such 
groups  even  into  Upper  and  Lower  Cambrian  seems  scarcely  possible  or  reason- 
able ;  but  to  attempt  to  have  a  boundary  for  the  great  formations  "  Silurian " 
and  "  Cambrian "  in  the  very  heart  of  a  period  where  such  marked  evidences 
of  similarity  in  the  life  which  ranged  through  them  occur,  would  only  prove 
once  more  the  fallacy  of  artificial  divisions  instituted  on  purely  lithological  grounds 
instead  of  on  evidence  based  on  palseontological  facts.  If  the  "  Menevian  group  " 
be  included  along  with  the  "  Harlech  group  "  in  the  "  Lower  Cambrian  "  of  Pro- 
fessor Sedgwick  or  "  Cambrian"  of  Sir  K.  Murehison,  we  shall  have  a  well-marked 
upper  boundary  to  the  formation  defined  by  such  genera  as  Paradoxides,  Micro- 
discus,  Anopolenus,  Erinnys,  and  other  allied  forms ;  and  as  these  are  altogether  so 
very  distinct  from  any  yet  found  in  the  higher  groups,  this  limit  is  not  at  all  lively 
to  be  disturbed  by  any  future  discoveries. 

On  the  Ferruginous  Sandstone  of  the  Neighbourhood  of  Northampton. 
By  Chakles  Jecks. 

Having  devoted  some  attention  to  the  ferruginous  sandstone  of  the  Lower  Oolite 
in  the  immediate  neighbourhood  of  Northampton,  the  author  suggested  the  follow- 
ing as  the  mode  of  its  formation.  Let  the  existence  of  a  wide  estuary  be  supposed, 
into  which  mighty  rivers  discharge  themselves,  depositing  therein  quantities  of 
sand,  mud,  &c;  at  times  it  may  happen  that  one  or  more  of  the  rivers  above 
referred  to  may,  perhaps,  in  periods  of  unusual  outflow,  bring  down  and  deposit  in 
the  estuary  a  certain  amount  of  iron  ;  let  then  a  subsidence  be  supposed,  followed 
by  the  deposition  of  those  shells  inhabiting  deeper  water,  and  also  accompanied 
by  the  formation  of  what  is  called  ironstone.  Then  after  a  long  period  of  time 
let  there  be  a  gradual  upheaval,  and  as  the  submerged  land  approaches  the  sur- 
face, agyiin  an  outpouring  of  iron,  accompanied  by  the  deposition  of  those  shells 
inhabiting  shallower  water,  drift-wood,  &c. ;  and  let  this  be  continued  for,  it  may 
be,  many  nundreds,  perhaps  thousands  of  years,  together  with  fresh  depositions  of 
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molluscs,  &c. ;  and,  finally,  let  it  be  covered  over  by  a  deposit  of  sand,  which 
would  naturally  be,  in  some  measure  at  least,  subjected  to  more  or  lees  denudation, 
and  we  have  what  seems  to  me  an  explanation  of  the  formation  of  the  ferruginous 
sandstone  encircling  the  town  of  Northampton.  Thus  we  have,  in  the  first  place, 
accompanying  a  great  subsidence,  the  deposition  of  deep-water  shells,  and  the  con- 
version of  the  sand  into  so-called  ironstone,  often  containing  the  casts  of  shells ;  then 
a  certain  amount  of  elevation,  accompanied  by  the  deposition  of  shells  inhabiting 
shallower  water;  then  sandstone  with  nodules  of  clay  and  ironstone  and  email 
pebbles,  together  with  estuary  shells*,  ripple-marks,  traces  of  serpulse,  and  other 
marine  ann elides — of  which  latter,  ripple-marks  &c,  there  is  a  very  fine  specimen 
belonging  to  S.  Sharp,  Esq.,  in  the  Northampton  Museum ;  and  finally,  layers  of 
waved  bands  of  sand  at  times  apparently  pure  from  any  trace  of  iron,  and  evi- 
dently the  result  of  shallow  water.  

On  the  Tertiary  Deposits  of  Victoria.    By  H.  M.  Jexckisb. 

On  the  Noted  Slate-veins  of  Festiniog.     By  S.  Jenkins. 

On  the  Oldest  Beds  of  the  Crags.  By  E.  Rat  Lankester. 
In  the  county  of  Suffolk^  lying  on  the  London  clay,  wherever  the  Red  Crag  or  the 
Coralline  Crag  is  found,  with  few  exceptions,  is  a  bed  from  half  a  foot  to  three  feet 
thick,  of  large  and  small  nodules,  bones,  and  teeth.  All  the  nodules  are  rounded 
and  waterworn,  and  so  are  the  teeth  and  bones.  They  are  evidently  the  members 
of  an  ancient  stone  beach;  and  form  what  the  author  calls  the  Suffolk  Bone-bed. 
Most  of  the  nodules  are  bits  of  rounded  and  worn  clay,  indurated  with  phosphate 
of  lime,  for  which  the  bed  is  worked,  and  by  a  misnomer  this  deposit  has  been 
called  tne  Coprolite-bed.  The  bits  of  clay  wnich  form  the  so-called  coprolite  are 
bits  of  London  clay,  just  as  in  Cambridgeshire  bite  of  gault  and  of  oolitic  clay  are 
similarly  phosphatized  and  worked  as  coprolite.  Besides  these  nodules,  the  Suf- 
folk bone- bed  contains  two  distinct  sorts  of  mammalian  remains,  those  of  terrestrial 
mammals  (Mastodon,  Rhinoceros,  Tapirus,  Ursus)  and  those  of  whales.  In  many 
of  its  features  this  bone-bed  is  similar  to  Mr.  Gunn's  stone-bed,  containing,  as  it 
does,  nodules  and  mammalian  remains.  The  terrestrial  mammals  in  both  were 
washed,  no  doubt,  from  the  same  land-surface ;  but  whence  come  all  the  great 
whales'  remains  and  great  sharks  which  are  so  abundant  in  this  Suffolk  deposit, 
and  which  are  absent  in  Norfolk  ?  The  answer  to  this  question  is— they  come 
from  a  great  deposit  of  an  earlier  age,  like  that  found  in  Belgium  known  as  the 
Diestien  or  Black  Crag ;  and  in  this  we  have  evidence  of  a  warmer  sea,  of  a  more 
Miocene-like  fauna  than  in  any  of  our  well-preserved  East- Anglian  crags — either 
Coralline,  Red,  or  Norwich.  Most  perfect  remains  of  more  than  twenty  long- 
snouted  whales,  such  as  now  live  in  tropical  seas,  of  huge  sharks  80  feet  long,  and 
of  a  great  seal  with  hu^o  tusks,  are  found  in  the  Diestien  beds  freshly  and  sharply 
preserved.  In  our  Suffolk  bone-bed  these  same  bones  and  remains  occur  much 
washed  and  waterworn.  They  have  been  washed  out  of  Diestien  beds,  and  are 
proofs  to  us  of  the  former  existence  of  Diestien  strata  in  Suffolk.  But  besides 
these  remains,  we  find  in  the  Suffolk  bone-beds  certain  sandstone  nodules  which 
the  author  has  lately  found  strong  reason  to  believe  are  bits  of  the  old  Diestien 
deposits  indurated  and  waterworn.  This  sandstone  is  even  found  adhering  to 
the  sharks*  and  whales1  teeth  and  bones,  but  never  to  the  mastodons'.  But 
besides  that,  the  specimens  exhibited  show  a  great  number  of  shells  preserved 
in  that  sandstone.  These  shells  are  not  the  shells  of  the  Red  Crag,  nor  even  of 
the  oralline  Crag,  for  they  occur  among  the  waterworn  nodules  quite  below 
either  of  these  deposits.  It  is  true  that  all  the  constituents  of  the  Suffolk  bone- 
bed  are  sometimes  dispersed  in  small  numbers  through  the  Red  Crag,  but  this  is 
what  we  must  expect  in  the  deposit  of  so  destructive  a  sea.     The  most  important 

*  Since  the  above  paper  was  read,  I  find  that  a  species  of  shell,  which  I  believed  to  be 
eetuarine,  is  not  so,  and  therefore  the  statement  about  estuary-shells  must  be  somewhat 
modified.  I  believe,  however,  that  these  shells  will  still  be  found  by  a  careful  search  after 
them.— C.  J. 
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t  about  these  nodules  5s  the  abundance  of  a  Black  Crag  or  Diestien  shell,  Iso- 
•dia  lunulata.  The  shell  does  not  occur  in  either  Red  or  Coralline  Crag:  but  out 
every  forty  nodules  with  fossils  in  them,  you  have  seven  specimens  of  Isocardia. 
en  Isocardia  cor  is  most  rare  in  our  English  Crags.  Only  half  a  dozen  speci- 
ns  have  been  found  altogether  in  the  Coralline  and  Red  Crag.  The  presence  of 
s  shell  in  these  nodules  proves  that  the  nodules  are  bits  of  a  very  different 
)osit,  and  probably  of  a  Diestien  age,  not  necessarily  of  exact  equivalence  with 
i  Belgian  Black  Crag.  We  know  how  much  a  few  miles  of  distance  may  affect 
aarine  fauna  j  and  it  is  most  probable  that  the  Suffolk  deposits  were  always 
oral  or  sublittoral,  while  those  of  Belgium  accumulated  in  deep  water.  These 
lules,  which  probably  are  of  great  importance,  are  supposed  by  some  to  be  of 
urated  Coralline  or  Red  Crag — by  Mr.  Searles  Wood  and,  the  author  believed, 
Sir  C.  Lyell ;  but  a  careful  examination  only  is  required  to  convince  any  one 
t  such  is  not  their  mineral  structure,  and  that  the  shells  and  bones  they  contain 

those  of  Diestien  age.  The  difference  between  the  Diestien  fauna  and  the 
1  and  Norfolk  Crag  fauna  is  very  great.  Great  changes  as  to  glaciation  have 
e  on  between  the  two.  The  Coralline  Crag  bridges  over  the  break  in  part,  as 
s  the  yellow  Antwerp  Crag.    The  presence  of  derived  Mastodon-remains  in 

Red  and  Norfolk  Crag,  and  of  Diestien  Cetacea  in  the  Red  Crag  too,  is  always 
}t  deceptive,  and  tends  to  mislead  the  judgment  as  to  the  true  character  of 
3e  beds.  

On  the  Ranye  and  Distribution  of  the  British  Fossil  Brachiopoda*. 
By  J.  Logan  Loblbt,  F.G.S. 

his  paper  was  read  in  explanation  of  a  series  of  Tables  exhibited  to  the  Section, 
prepared  with  the  view  of  showing,  by  a  new  arrangement,  the  range,  distri- 
on,  increment,  decrement,  and  maximum  development  of  each  subgenus,  genus, 
family,  as  well  as  of  the  class  of  Brachiopoda  in  British  strata.  The  paper 
Gained  a  summary  of  the  results  shown  by  the  Tables,  and  was  accompanied  by 
of  the  species  hitherto  discovered  in  each  formation,  or  minor  group  of  rocks, 
rhich  the  class  is  represented. 

lie  first  of  the  Tables  gives  the  range  and  distribution  of  each  genus,  the  genera 
g  arranged  in  the  order  of  their  incoming  or  earliest  appearance  in  British 
ta.  The  number  of  species  of  each  genus  in  any  geological  formation  is  repre- 
ed  by  short  thick  lines,  each  of  which  indicates  the  presence  of  one  species. 
*e  lines  are  so  arranged  that  the  increment,  decrement,  and  maximum  deve- 
lcnt  of  each  genus  is  distinctly  shown,  and  the  number  of  species  of  each  genus 
ich  formation  in  which  it  appears  may  be  at  once  ascertained, 
lie  second  Table  gives  the  genera  arranged  according  to  their  family  alliances, 
shows  the  family  to  which  each  genus  belongs,  the  order  in  which  each  family 
appeared,  and  the  number  of  species  as  well  as  of  genera  in  every  formation  in 
m  the  family  is  found. 

tie  third  table  is  a  summary  of  the  second f  in  order  to  show  more  distinctly 
increment  and  decrement  of  each  family  v.ithout,  reference  to  its  genera,  each 
representing  a  species  as  in  the  other  Tables. 

le  fourth  Table  is  a  summary  of  the  third,  to  represent  at  a  glance  the  relative 
>rtance  of  the  representation  of  the  class  Brachiopoda  in  each  geological 
ation. 

le  following  are  some  of  the  more  prominent  results  shown  by  these  Tables, 
he  forty-seven  genera  and  subgenera,  eleven  are  represented  by  species  now 
g  in  the  seas  of  our  globe,  and  are  therefore  recent  as  well  as  fossil  genera, 
hese,  Discina,  Lingula,  Crania,  Rhynchonella,  and  Terebrattda  range  from 
'ozoic  rocks.  The  genera  Leptawa,  Spirifera,  and  Spirifcrina  range  from 
^ozoic  into  Mesozoic,  but  do  not  reach  Cainozoic  strata,  while  each  of  the 
tving  twelve  genera  is  characteristic  of  a  single  formation : — Kxdorqina  (Lin- 
flags),  Acrotreta  (Llandeilo),  Orthisina  (Caradoc),  Orbtcuhidea  (Wenlock), 
rospira  (Wenlock),  Merista  (Middle  Devonian),  Uncites  (Middle  Devonian), 

Jome  of  the  details  of  this  paper  are  given  in  the  Geological  Magazine  for  November, 
vol.  v.  p.  4U7. 
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Davidsonia  (Middle  Devonian),  Stringocephalus  (Middle  Devonian),  JRensselcrri* 
(Middle  Devonian),  Terebrirostra  (Upper  Greensand),  Magas  (Chalk).  Thirty 
genera  are  essentially  Palaeozoic,  and  eight  genera  have  not  been  found  in  any 
other  than  Mesozoic  strata,  though  four  of  these  have  living  representatives,  while 
not  one  genus  can  bo  considered  characteristic  of  Cainozoic  strata. 

Of  the  nine  families  in  which  the  forty-seven  geneia  and  subgenera  may  be 
placed,  one,  Productidtp,  is  confined  to  Palaeozoic  strata,  and  one,  Thecidukt,  is 
characteristic  of  Mesozoic  rocks.  This  family,  however,  although  not  represented 
in  Cainozoic  strata,  ha9  a  species  living  in  the  present  seas.  Strophomenid<e  and 
Spirifenda  may  almost  be  said  to  be  Paleozoic,  since  very  few  species  of  either 
of  these  families  have  been  found  in  rocks  newer  than  the  Permian,  while  in  older 
strata  the  species  of  both  are  most  numerous. 

The  families  which  range  from  the  Palaeozoic  rocks  to  the  present  time,  and  are 
represented  by  recent  species,  are  Lingididcc,  Discinida,  Cramada,  RhynchoncUidce, 
and  Terebratmid<t, 

When  we  consider  the  range  and  distribution  of  the  class  as  a  whole,  we  find 
that  it  is  represented  in  British  strata  by  a  very  large  number  of  species,  some  of 
which  are  found  in  almost  every  geological  formation.  Coming  into  existence,  as 
far  as  we  yet  know,  in  Cambrian  times,  Brachiopoda  abounded  in  Silurian  seas ; 
but  the  class  attained  its  maximum  development  in  the  Carboniferous  period.  A 
small  number  of  species  have  been  taken  from  Permian  rocks ;  but  Triassic  strata 
have  not  hitherto  yielded  us  any.  When  we  examine  Liassic  and  Oolitic  strata, 
we  find  again  a  large  number  of  species,  which,  however,  become  fewer  as  wo 
ascend  the  scale  until  we  reach  the  Portland  rocks,  in  which  no  Brachiopod  has 
been  found.  The  class  again  increases  in  importance  in  Cretaceous  strata,  and 
again  diminishes  in  Tertiary  formations,  which  nave  yielded  hitherto  not  more  than 
eight  or  nine  species. 

Although  in  British  seas  living  Brachiopods  are  very  rare,  yet  they  are  by  no 
means  so  in  the  seas  of  southern  latitudes,  the  bays  and  harbours  of  Australia 
swarming  with  Waldheimia  and  other  forms  of  this  interesting  and  remarkable 
class  of  the  animal  kingdom. 

On  the  occurrence  of  Spherical  Iron  Nodules  in  the  Lower  Greensand. 
Ry  John  Lowe,  M.D. 

Two  years  ago  a  large  number  of  spherical  pieces  of  sandstone  was  found  in  a 
railway-cutting  at  Walferton,  near  Lynn.  They  were  mostly  about  the  size  of 
ordinary  marbles,  and  were  found  to*  consist  of  a  variable  number  of  concentric 
lamiure  resembling  the  ordinary  "car "-stone  of  the  district,  and  containing  in 
their  interior  a  quantity  of  loose  grains  of  pure  sand,  with  occasionally  a  small 
vitreous-looking  lragment  of  organic  matter. 

The  hill  through  which  the  cutting  is  made  is  about  50  feet  in  height  at  its 
highest  point,  and  is  composed  of  bands  of  yellow  sand  of  variable  degrees  of  hard- 
ness, but  always  of  a  friable  nature.  On  the  summit  is  a  thin  layer  of  iron  or  car- 
stone,  which  is  largely  used  for  building.  There  is  no  superincumbent  chalk 
nearer  than  Sandringham,  a  distance  of  about  a  mile  and  a  halt. 

On  examining  the  sides  of  the  cutting,  the  sand  was  found  to  be  perforated  by 
some  boring  animal  (a  large  species  of  Teredo  ?  or  Photos  ?).  The  Dorings  have 
generally  a  horizontal  direction,  but  sometimes  pass  upwards  from  one  layer  of 
sand  into  another.  They  are  usually  long-  and  somewhat  widely  separate,  never 
apparently  crossing  each  other,  as  is  seen  in  Pholas-borings.  They  are  filled  with 
sand  of  a  much  coarser  quality  than  that  which  surrounds  them)  but  when  they 
take  an  upward  direction  the  sand  they  contain  is  of  a  finer  grain.  The  periphery 
of  the  borings  is  hardened  by  the  deposition  of  iron,  so  as  to  form  a  tube.  At  the 
extremity  of  each  there  occurs  one  oi  the  spherical  bodies  above  described. 

It  is  obvious  that  all  the  borings  have  been  filled  with  sand,  carried  in  and 
deposited  by  water,  and  that  a  stream  of  ferruginous  water  has  subsequently  per- 
colated through  the  bed  of  sand,  giving  rise  at  the  some  time  to  the  nodules  and 
to  the  hardened  periphery  of  the  tubes. 

Jt  seems  not  improbable  that  the  deposition  of  the  iron  has  been  determined  by 
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the  presence  of  organic  matter.  In  the  ordinary  iron  nodules,  common  in  the  dis- 
trict, wood  or  other  organic  matter  is  commonly  present,  and  seems  to  have  served 
as  a  nucleus  of  attraction  for  the  iron.  Even  in  the  adjacent  peat-heds  logs  of 
wood  are  found  converted  into  solid  crystalline  iron  pyrites.  [Specimens  of  iron- 
stone formed  round  the  roots  of  couch-grass  were  exhibited  ;  these  were  of  recent 
formation  on  the  surface  of  the  ground.]  Mr.  Judd  has  found  similar  formations 
on  the  roots  of  willow  in  sand-pits  in  Lincolnshire.  There  is  therefore  ground  for 
supposing  that  the  remains  of  the  boring  animal  in  the  end  of  the  tubes  gave  rise 
to  the  spherical  nodules,  and  that  the  hardened  circumference  of  the  borings  was 
in  the  same  manner  due  to  the  presence  of  traces  of  organic  matter  left  in  the 
process  of  boring. 

On  the  Coal-field  of  Natal. 
By  Dr.  Mann,  F.R.G.S.  6fc.,  Special  Commissioner  of  the  Government  of  Natal. 

%  The  position  and  general  configuration  and  geological  character  of  the  colony 
of  Natal  were  described,  and  the  presence  of  coal-deposits  on  the  surface  in  various 
positions  was  explained.  The  history  of  the  gradual  discovery  of  the  deposits  was 
Driefly  sketched,  and  the  quality  ana  character  of  the  coal  was  then  considered. 
In  the  last  and  most  important  trial  recently  made  to  determine  the  question  of 
quality,  seven  tons  were  used  on  board  the  surveying-ship  *  Hydra,'  and  compared 
with  equal  quantities  of  Cardiff  and  West-Hartley  coal.  The  result  of  this  expe- 
riment was,  that  steam  was  up  with  Cardiff  coal  in  00  minutes,  with  26  cwt.  con- 
sumed; Wtst-Haitley  coal  in  60  minutes,  with  32  cwt.  consumed;  Natal  coal  in 
55  minutes,  with  30  cwt.  consumed. 

In  steaming  on  the  third  grade,  the  consumption  per  hour  was — 

Cardiff  coal 1553  lbs. 

West-Hartley  coal 1648    „ 

Natal  coal 1568   „ 

In  steaming  on  the  third  grade,  the  consumption  was  respectively — 

Cardiff  coal 1624  lbs. 

West-Hartley  coal 2293   „ 

Natal  coal 2128   „ 

The  several  samples  yielded — 

Cardiff 9  per  cent,  of  ashes,  2  per  cent  of  clinker. 

West-Hartley    8  „  „  5  „  „ 

Natal   16         „         „  7         .,  „ 

For  easy  steaming  the  Natal  coal  was  deemed  nearly  equal  in  commercial  value 
to  Cardiff  coal;  but  with  full  steam  a  larger  quantity  of  Natal  coal  was  required 
on  account  of  the  masking  of  the  combustion  with  ash. 

Specimens  of  the  coal  and  of  organic  remains  of  Glossopteris,  from  the  coal- 
deposit  of  Bushman's  River,  were  exhibited,  and  the  inference  was  drawn  that  in 
all  probability  the  Natal  coal  will  prove  to  be  of  the  Jurassic  or  Cretaceous  age. 

On  the  Sequence  of  the  Deposits  in  Norfolk  and  Suffolk  superior  to  the  Bed 
Crag.     By  George  Maw,  F.G.S.,  F.L.S.,  $c. 

In  connexion  with  a  large  diagrammatic  section  from  the  neighbourhood  of  Aid- 
borough  in  Suffolk  to  the  Norfolk  coast,  and  detailed  sections  of  the  strata  at 
different  localities,  drawn  to  scale,  reference  was  made  to  the  various  disputed 
points  on  the  sequence  of  the  more  recent  deposits  of  the  eastern  counties. 
Although  the  superposition  of  the  Chillesford  beds  on  the  Norwich  Crag  had  been 
questioned  so  recently  as  during  the  late  session  of  the  Geological  Society  of 
London,  it  was  now,  the  author  believed,  admitted  by  every  geologist  acquainted 
with  the  district.  It  was  suggested  in  general  terms  by  Mr.  Prestwich,  eighteen 
years  ago ;  and  the  recent  labours  of  Mr.  J.  E.  Taylor,  m  the  Norwich  district,  in 
distinguishing  and  separating  the  upper  from  the  Lower  Norwich  Crag,  had  fixed 
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an  exact  horizon  by  which  the  series  in  Norfolk  and  Suffolk  could  be  correlated. 
Mr.  Maw  considered  that  the  whole  of  the  beds  above  the  oblique  ferruginous  Red 
Crag  in  the  well-known  Chillesford  Crag-nit  pertained  to  the  ChHlesford  Clay 
series.  The  Fluviomarine,  or  Lower  Norwich  Crag,  was  here  wanting;  but  he 
disagreed  with  those  who  considered  the  obliquely  bedded  ferruginous  Red  Crag 
as  the  equivalent  of  the  Norwich  Crag ;  for  in  its  occurrence  at  Thorpe^  in  Suffolk, 
within  three  and  a  half  miles  of  Chillesford,  it  showed  no  approach  in  either  its 
physical  or  palaeontological  features  to  the  Red  Crag.  The  Chillesford  beds  ex- 
tend transgressively  over  the  Coralline  Red  and  Fluviomarine  Crags,  and  do  not 
appear  to  pass  upwards  in  conformable  succession  from  any  of  the  subjacent  beds. 
The  upper  part  of  the  Chillesford  beds  probably  graduate  into  the  drift  underlying 
the  Boulder-clay  of  High  Suffolk  These  were  considered  older  than  the  coast 
beds  of  Cromer,  and  appear  to  partake  of  the  general  denudation  contour  of  the 
country,  having  been  extensively  denuded  in  the  excavation  of  valleys  that  are 
cut  deeply  through  them  into  toe  chalk  and  other  older  formations.  The  coast- 
beds,  including  the  forest-bed  of  Cromer  (with  which  the  author  identified  the 
other  forest-beds  along  the  S.E.  and  S.  coasts),  the  laminated  beds,  and  the  over- 
lying Boulder-till  and  contorted  drift,  were  considered  more  recent,  being  deposited 
after  a  long  interval  of  denudation  and  disposed  with  reference  to  the  existing 
coast  outline.  The  resemblance  in  the  fauna  and  flora  of  the  Mundesley  fresh- 
water deposit  to  that  of  the  forest  and  laminated  beds  was  noticed,  and  the 
Mundesley  peat  and  other  thin  layers  of  similar  matter  in  the  Norfolk  coast-till, 
were  considered  to  be  merely  a  recurrence  of  the  laminated  beds  at  its  base.  The 
Thames  valley  deposits  at  Grays  Thurrock  might  be  contemporaneous  with  the 
Norfolk  coast-beds,  and  they  exhibit  a  contorted  structure  at  their  base.     The 

Ehenomenon  of  "  trail "  or  surface  furrowing  and  rearrangement  of  drift,  which 
ad  been  described  by  the  Rev.  0.  Fisher  as  the  result  of  land-ice,  did  not  appear 
to  be  accountable  on  any  other  theory.  It  seems  to  have  been  one  of  the  most 
recent  phenomena  applied  to  the  general  denudation  contour  of  the  land-surface. 
It  was  not  confined  to  the  east  of  England:  and  the  author  exhibited  a  drawing 
of  a  section  of  stratified  drift  at  the  Bangor  Station,  North  Wales,  which  had  been 
rearranged  in  surface-furrows  and  pouches  similarly  to  Mr.  Fisher's  "  Trail "  in  the 
east  of  England.  It  was  possible  that  it  might  have  been  contemporaneous  with 
the  deposition  of  the  glacial  beds  on  the  Norfolk  coast,  which  were  also  deposited 
subsequently  to  the  land-surface  receiving  its  present  denudation  contour. 

On  New  Discoveries  connected  with  Quaternary  Deposits. 
By  Chables  Moore,  F.GJS. 

"When  examining  an  oolitic  quarry  at  Falkland  the  author  discovered  in  a  fissure 
at  about  40  feet  from  the  surface,  a  drift  with  a  number  of  small  teeth  and  bones 
of  mammals,  and  that  subsequently  he  obtained  them  in  great  abundance,  many 
of  them  belonging  to  small  rodents.  His  attention  being  thus  directed  to  the 
presence  of  mammalian  remains  in  the  fissures  of  the  Oolite,  he  had  since  obtained 
them  of  many  genera  under  similar  circumstances  along  the  escarpments  of  the 
Oolite  through  Somersetshire  and  Gloucestershire,  associated  with  freshwater 
shells  and  bog- iron  ore,  which  latter  forms  a  considerable  proportion  of  the 
material  filling  up  the  fissures.  At  Falkland  twenty-two  hut  circles  had  been 
destroyed  in  quarrying  the  stone  within  a  few  years,  and  the  author  suggested  it 
was  probable  the  material  filling  the  hut  circles  and  the  oolitic  fissures  was  of  the 
same  age,  though  at  the  present  time  he  had  no  distinct  evidence  to  prove  such  to 
be  the  case.  

On  the  Geology  of  the  Chapada  Diamantina  in  the  province  of  Bahia 9  Brazil. 
By  the  Rev.  C.  G.  Nicolay. 
The  information  which  we  possess  as  to  the  geology  of  the  province  of  Bahia  is 
scanty,  but,  as  far  as  it  goes,  satisfactory.  The  engineers  Halfeldt,  Vivian,  and 
Oato  have  examined  respectively  the  Rio  di  Sao  Francisco,  the  route  from  the 
city  of  Bahia  to  Joazeiro  on  the  same  river,  and  to  S*  Isabel  de  Paraguassu  in 
the  Chapada  Diamantina ;  my  own  observations,  besides  those  in  that  locality, 
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send  for  about  sixty  miles  round  the  city  of  Bahia,  and  on  the  new  road  to  the 
apada  by  the  Mato,  or  forest  of  Orobo. 

The  conclusions  which  may  be  arrived  at  from  these  and  other  sources  are, 
nerally,  that — 

1.  There  is  a  uniform  strike  and  dip  throughout  the  province  within  these 
lits,  say,  N.N.E.  and  S.S.W.,  with  comparatively  little  variation. 

2.  The  province  may  be  geologically  divided  into  zones. 

(1)  Conglomerate  and  schists  near  the  coast. 

(2)  Sandstone  in  the  Reconcavo  from  the  city  to  the  Lago  of  the  river  Para*- 
assu. 

(3)  Of  primitive  rock  extending  to  the  pastoral  district  of  the  Serra  da  Man- 
beira. 

(4)  Of  sandstone  in  that  serra. 

(5)  Of  primitive  rock  with  nearly  level  surface  (Taboleiros).  This  is  some  twenty 
igues  in  breadth,  and  is  the  district  of  cataracts  on  the  rivers.  It  is  traversed 
r  enormous  masses  of  quartzose  rock. 

(6.)  Of  forests  under  which  probably  sandstones  predominate, 
m  Of  limestone. 

(8)  Of  conglomerates  forming  the  Chapada,  so  called  from  the  horizontal  line 
hich  the  tops  of  the  hills  present  to  the  eye.  All  these  cross  the  province  from 
le  Rio  Paraguassu  to  the  Rio  di  Sao  Francisco. 

The  Chapada  is  200  miles  from  the  west  side  of  the  Bay  of  All  Saints,  commonly 
aown  as  Bahia,  i  e.  the  bay  which  is  again  twenty-seven  miles  from  the  city  of 
lat  name.  It  forms  the  eastern  watershed  of  the  Rio  di  Sao  Francisco,  and  has 
ithin  itself  the  sources  of  the  rivers  which  fail  into  the  sea  within  the  circuit  of  the 
reat  river.  Its  height  above  the  level  of  the  sea  may  be  approximately  stated  as 
000  feet.  The  diamond  workings  are  carried  to  the  top.  The  conglomerates  of 
lie  Chapada  differ  from  those  of  the  coast  principally  in  that  the  former  are,  and 
tie  latter  are  not,  highly  metamorphic  j  they  have  also  greater  development  in  the 
/h apada,  as  schistose  formations,  nave  on  the  coast ;  both  contain  diamonds,  but 
hose  near  the  coast  have  been  discovered  but  recently,  and  for  local  reasons  the 
workings,  though  rich,  have  been  abandoned. 
The  geological  series  at  the  Chapada  is,  descending — 

1.  Conglomerate;        3.  Sandstone;       5.  Schist; 

2.  Quartzite ;  4  Limestone ;       6.  Primitive  rock. 

These  are  traversed  by  dykes  and  veins  of  trap  and  chert,  and  intervening  between 
he  harder  rocks,  veins  of  dirt  are  not  uncommon,  as  also  of  sand  and  clay-slate. 
These  afford  facilities  for  the  entrance  of  water  between  the  strata,  by  which  their 
rapid  disruption  is  effected ;  and  caverns,  named  Grunais,  are  often  formed  by  the 
disintegration  of  the  softer  rocks  beneath  the  conglomerate. 

While  at  the  Chapada  (December  1805)  the  author  ascertained  that  the  quartzite 
is  the  matrix  of  those  crystals  of  iron  pyrites  tho  presence  of  which  marks  the  dia- 
mond cascalho  or  gravel,*  but  saw  no  trace  of  diamonds  in  that  rock ;  and  since  they 
abound  in  the  Grunais,  of  which  the  conglomerate  forms  the  roof,  concluded  that 
diamonds  are  formed  in  the  softer  veins  and  strata  which  separate  the  harder  rocks. 
When  diamonds  are  found,  cascalho  (a  water-worn  gravel)  is  present.  The  most 
marked  constituents  of  this  are : — 


1.  Crystals  of  pyrites. 

2.  Specula  of  magnetic  iron. 

3.  Feioes  (schorl}. 

4  Fabras,    )  £e.Drownhydrophos- 
5.  Cabocles  \  phate  of  alumina. 


6.  Pingua  d'agoa  (rolled  hyaline 

quartz). 

7.  Pedra  de  ferro  (oxide  of  iron). 

8.  Pedra  de  fogo  (black  silica). 


The  mineral  equivalents  are  taken  from  M.  Damon's  analysis,  from  which  it  appears 
that  the  presence  of  Yttria  characterizes  the  cascalho  or  the  Chapada. 

Diamonds  are  found  of  all  colours,  but  the  colour  is  mostly  superficial.  Green 
predominates,  but  each  locality  has  its  characteristic  colour,  quality,  and  crystal- 
lization, which  are  well  known. 
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What  may  be  called  imperfect  diamonds  are  also  found ;  the  most  important  of 
these  is  the  "  Carbonate,"  which  is  now  commonly  used  in  cutting  diamonds. 

The  diamond- workings  of  the  Chapada  had,  twenty  years  ago,  the  town  of  Santa 
Isabel  as  their  centre ;  since  then  they  have  moved  northward  to  Lencoes,  now  a 
city,  and  have  extended  more  than  thirty  miles  beyond  it 

There  seems  no  reason  why  the  yield  of  diamonds  should  decrease  so  long:  as  the 
present  price  is  maintained ;  new  localities,  not  only  in  the  Chapada,  but  in  other 
parte  of  the  province,  as  at  Pitanga,  near  Bahia,  already  noticed,  will  be  found  when 
required,  ana  the  province  maintain  its  reputation  of  being  the  main  source  from 
which  the  market  is  supplied.  The  value  of  diamonds  raised  cannot  be  accurately 
determined,  since  only  a  small  part  comes  to  Europe  through  the  regular  channels, 
but  it  may  probably  exceed  £500,000  in  favourable  seasons,  i.  e.  when  water  is 
abundant  

On  the  Fossil  Fishes  of  Cornwall.  By  C.  W.  Peach,  A.L.S. 
In  1841  the  author  read  a  paper  at  the  Meeting  at  Plymouth  on  Cornish  Fossils, 
in  which  he  said  that  he  had  found,  at  "  Punch's  Crossquarry  Fowev,  portions  of  fish 
remains."  At  the  Meeting  at  Cork  in  1843  he  exhibited  finer  and  better  specimens, 
some  of  them  found  by  Mr.  Couch  at  Polperro,  and  still  considered  them  portions 
of  fishes,  and  was  supported  in  this  opinion  by  the  late  Professor  E.  Forbes  and 
others  present  there.  Up  to  1849  he  did  all  possible  to  extend  his  researches, 
and  on  Doth  sides  of  the  county  he  was  fortunate  enough  to  get  fish-remains.  In 
December  of  that  year  he  left  Cornwall,  and  has  not  been  there  since.  Fishes 
these  things  were  considered  until  1855,  when  Professor  M'Cov,  after  a  visit  to 
Cornwall  with  Professor  Sedgwick,  stated,  in  'The  British  Palaeozoic  Fossils,* 
published  at  Cambridge, "  that  ne  had  carefully  examined  some  of  the  specimens  in 
the  museums  of  Penzance  and  Truro,  and  many  others  that  he  had  collected ; 
and  had  sections  prepared  for  the  microscope,  and  had  come  to  the  conclusion 
that  they  were  not  Fishes,  but  Sponges,  of  which  he  made  out  two  species."  Up  to 
April  last  they  have  been  considered  so,  when  Mr.  E.  Wyatt  Edgell,  in  a  letter  in 
the  Geological  Magazine,  asserted  that  the  so-called  Steganodictyum,  or  sponges, 
of  M'Coy,  were  true  fishes,  belonging  to  Pteraspis,  and  since  Professor  Huxley, 
and  Messrs.  E.  Ray  Lankester,  Salter,  and  Woodward  have  stated  the  same.  Thus, 
then,  although  these  fossils  have  been  so  long  under  a  cloud,  light  has  broken  in 
upon  them,  and  now  their  true  history  will  be  told  by  Messrs.  Powrie  and  E.  Ray 
Lankester  in  their  beautiful  monograph  of  these  hitherto  obscure  Pteraspid  forms. 
Since  learning  the  change  of  opinion,  he  turned  out  the  contents  of  a  box  packed 
in  Cornwall  in  1849,  and,  amongst  a  few  pretty  specimens  of  fish-remains,  found 
a  splendid  but  imperfect  cephalic  shield  of  Pteraspis,  six  inches  in  length ;  it  is 
beautifully  marked  with  delicate  waved  lines,  ana  shows  tubercles  and  cancel- 
lated structure.  As  it  is  so  much  larger  than  any  figured  in  the  monograph  above- 
mentioned,  no  doubt  it  will  prove  a  new  species.  Although  he  has  remained  silent 
so  long,  his  opinion  has  never  changed  as  to  the  fish-nature  of  these  remains  ;  and 
in  all  his  rambles  over  the  rocks  of  the  Old  Red  Sandstone  in  Scotland,  with  the 
exception  of  one  small  piece,  tuberculated  like  the  dermal  plate  of  a  Coccosteus, 
and  also  the  cancellated  structure  in  the  decayed  bones  of  Osteolepis,  he  has  found 
none  like  the  Cornish  ones.  The  same  network  cancellated  structure  is  to  be  seen 
in  carboniferous  fishes.  This  structure  deceived  Professor  M'Coy  and  others,  and 
hence  their  objection,  because  no  similar  appearance  is  known  in  the  bone  of  any 
living  animal. 

On  the  Condition  of  some  of  the  Bones  found  in  Kent's  Cavern,  Torquay. 

By  W.  Pengelly,  F.R.S. 

In  this  communication  the  author  confined  himself  to  the  marrow-bonce  \\  hich 

occur  in  the  Cavern,  and  which  present  themselves  in  four  different  conditions — 

Entire,  Crushed^  Fractured,  and  Split. 

The  first,  having  but  little  information  to  give,  he  dismissed  in  a  very  few  words. 

The  second  were  found  at  all  levels,  and  invariably  beneath  huge  blocks    of 

limestone  which  had  fallen  from  the  roof;  thus  indicating  that  they  were  crushed 


Digitized  by 


Google 


TRANSACTIONS  OF  THE  SECTIONS.  77 

by  the  fall  of  the  overlying  block,  that  the  place  each  occupied  was  the  upper  sur- 
face of  the  deposit  when  the  block  fell,  that  the  deposit  was  capable  of  offering  a 
firm  resistance  to  a  heavy  falling  mass,  and  that  the  Cave-earth  was  introduced  into 
the  Cavern  successively  and  at  many  different  times. 

The  third  class  consisted  of  bones  broken  with  an  oblique  fracture,  and  precisely 
resembled  the  larger  remnants  left  by  Hyaenas,  as  the  author  had  found  by  a  series 
of  experiments  which  he  had  made  at  the  Zoological  Gardens,  London. 

The  fourth  class  of  bones  were  those  which  had  been  split  longitudinally,  with  a 
fracture  more  or  less  clean.  Having  shown  that  they  were  not  divided  by  the 
Carnivora,  nor  by  exposure  to  the  weather,  the  author  proceeded  to  show  experi- 
mentally that  Man,  with  no  other  tools  than  such  as  he  could  readily  have  com- 
manded in  the  Palaeolithic  age,  was  perfectly  capable  of  splitting  them ;  and  gave 
it  a?  his  opinion  that  the  object  was  to  obtain  long  laths  of  bone,  for  making  such 
bone  tools  as  the  Cave  men  are  known  to  have  used. 


On  the  Concho  idal  Fracture  of  Flint  as  seen  on  Flint-faced  buildings  in 
Norwich,  Yarmouth,  <5fc.     By  C.  B.  Rose,  F.G.S.  fyc. 

On  the  Crag  at  Aldeby.     By  C.  B.  Rose,  F.G.S.  Sfc. 

In  the  summer  of  1865  the  author  was  shown  some  mammalian  bones  from  a  brick- 
yard at  Aldeby,  near  Beccles,  but  on  the  Norfolk  side  of  the  Waveney.  Their  colour 
and  character  indicating  the  existence  of  a  Crag  deposit,  the  author  took  an  early 
opportunity  of  examining  the  spot  from  whence  the  bones  were  taken,  and  there 
his  suspicion  was  quickly  confirmed.  After  repeated  visits  to  the  locality  he  was 
enabled  to  give  the  following  section.  Beneath  the  vegetable  soil  lies  a  bed  of 
coarsish  flint  gravely  4  to  6  feet  in  thickness,  followed  by  sand  and  shingle  1  to  2 
feet  thick.  Immediately  beneath  this  lies  an  excellent  brick-earth  loam,  varying 
in  thickness  from  3  to  7  feet;  this  loam  encloses  a  few  subangular  flints,  and  no 
other  erratic  bodies.  To  the  loam  succeeds  a  fine  ferruginous  sand  to  the  depth  of 
6  feet,  enclosing  an  abundance  of  the  usual  Upper  Crag  shells,  the  majority  of  the 
bivalves  with  tne  valves  disunited.  At  the  depth  of  &  feet  in  this  sand  occurs  a 
bed  of  Mya  arenaria  of  all  ages,  with  their  valves  united,  and  in  the  position  in 
which  they  lived  and  died.  Two  separated  valves  of  Mya  truncata  were  only  met 
with.  It  was  in  the  immediate  vicinity  of  this  Mya-bed  that  the  fragments  of  an 
antler  of  a  Cervus  was  found,  and  also  the  vertebra  of  a  small  cetacean. 

Cyprina  islandica  was  abundant,  but,  unlike  the  Myce,  the  valves  were  invariably 
disunited. 

At  the  depth  of  6  feet  below  the  brick-earth  is  found  a  bed  of  shells  in  which 
Astartes  predominated,  with  both  valves  united,  whereas  in  the  upper  bed  the  valves 
were  almost  invariably  found  separated.  Here  the  presence  of  water  put  a  stop  to 
further  digging.  The  author  bored  beneath  the  Astorte-bed  8  feet,  in  a  somewhat 
loamy  smd  with  traces  of  shells. 

In  determining  to  what  member  of  the  Crag  formation  the  Aldeby  bed  belongs, 
the  author  compared  it  with  the  approximating  Crag  beds  of  Norfolk,  in  preference 
to  thosa  of  Suffolk,  and  more  particularly  with  the  Brammerton  Crag  (see  Richard 
C.  Taylor's  section,  published  in  the  Geol.  Trans,  for  1823),  a  section  to  be 
depended  on. 

Now  comparing  the  horizon  of  the  Brammerton  pit  with  that  of  Aldeby,  the  author 
feels  compelled  to  place  the  Crag  of  Aldeby  and  the  upper  beds  at  Brammerton  in 
the  same  category,  and  consequently  under  the  denomination  of  Norwich  Crag. 

Fifty-six  of  the  usual  mollusks  of  the  mammaliferous  Crag  are  met  with  at  Aldeby, 
viz.  40  bivalves,  and  16  univalves.  Also  spines  of  Spatangus  purpureus,  and  spines 
of  an  Echinus.  Vertebra  of  a  Delphinus,  Otolites,  and  teeth  oi  small  fishes.  Teeth 
of  a  small  Rodent.  _____ 

On  the  TJiickness  of  the  Chalh  in  Norfolk.     By  C.  B.  Rose,  F.G.S.  $c 
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On  a  New  Pterygotus,  from  the  Lower  Old  Red  Sandstone. 
By  J.  W.  Salter,  A.L.S.,  F.Q.S.,  Stc 

The  new  species  was  obtained  from  the  lowest  Old  Bed,  or  Ledbury  Shales 
formation.  It  is  a  very  large  one,  and  must  hare  measured  7  feet  in  length  when 
perfect.  Its  head  very  square ;  the  base  of  the  swimming-foot  small  in  proportion 
to  that  of  other  species.  The  chelate  antennae  have  the  apices  very  greatly 
hooked,  and  the  teeth  close.  Only  fragments  of  the  body-rings  have  been  found. 
The  tail-joint  appears  to  have  been  oval.  The  specimens  were  found  at  Ewyaa 
Harold;  and  are  in  the  cabinet  of  Dr.  M'Cullough. 

On  the  Relatione  between  Extinct  and  Living  Reptiles,  and  on  the  present  state 
of  our  knowledge  of  Pterodactyle.     By  H.  G.  Shblby. 

On  the  Classification  of  Hie  Secondary  Strata  of  England.     By  H.  G.  Seslbt. 

On  a  Remarkable  Incrustation  in  Northamptonshire. 
By  Samuel  Sharp,  F.S.A.,  F.G.S. 

In  the  section  of  a  gravel-nit  near  Wold,  about  14  miles  N.N.E.  of  Northampton, 
had  been  exposed  a  mass  of  incrustation  of  carbonate  of  lime,  the  nucleus  of  which 
consisted  of  the  water-plant  Chara  vulgaris.  This  mass  was  10  feet  in  horizontal 
diameter  as  exposed  in  the  section,  and  reached  inwards  about  4  feet  from  the 
plane  of  that  section,  as  first  seen  by  the  writer.  Its  thickness  was  about  2  feet  to 
2  feet  6  inches.  Above  the  mass  of  incrustation  was  a  layer  of  a  kind  of  calcareous 
paste,  of  a  thickness  of  from  6  to  10  inches ;  and  below  it  a  similar  layer  of  from  3  to 
8  inches.  This  paste  consisted  entirely  of  the  crushed  material  of  the  incrustation,  of 
which  it  contained  many  fragments.  At  the  bottom  was  a  mixture  of  gravel  and 
soil,  of  the  thickness  of  about  0  inches. 

The  gravel  in  the  pit  is  stratified.  The  strata  ran  up  to  the  mass  of  incrustation 
on  either  side,  sharply  abutting  upon  it;  and  lower  strata  ran  quite  underneath, 
showing  that  there  had  been  no  partial  subsidence  or  disturbance  below. 

It  was  evident  that  there  had  been  formerly  a  pool  of  water  at  this  place — about 
10  feet  across,  and  about  6  feet  deep ;  the  form  of  which,  as  shown  by  excavation, 
was  basin-shaped,  rounded  at  bottom,  and  spreading  somewhat  at  top. 

The  writer  concluded  from  these  facts  that  this  pool  had  been  artificially  formed ; 
that  the  water  had  been  hiffhly  charged  with  carbonate  of  lime ;  that,  when  the 
Chara  came  to  grow  in  it,  it  became  incrusted ;  that,  by  the  process  of  the  alternate 
or  continuous  growth  and  incrustation  of  the  plant,  the  pool  ultimately  had  been 
choked  up,  and  becoming  a  mere  quagmire,  had  finally  been  filled  in  with  soil. 
The  mixed  gravel  and  sou  at  the  bottom  he  thought  had  been  the  bottom  of  the 
pool ;  and  the  lower  calcareous  paste  produced  by  pressure  of  the  superincumbent 
weight,  and  the  upper  by  the  trampling  of  cattle  in  drinking. 

The  pit  is  situated  on  the  slope  of  a  valley ;  the  gravel  is  very  open,  and  over- 
lies the  porous  beds  of  the  ferruginous  Northamptonshire  sands ;  these  repose  upon 
the  Upper  Lias.  No  water  had  ever  been  known  to,  nor  under  existing  conditions 
could  possibly,  stand  in  this  gravel-pit 

The  writer,  therefore,  contended — as  great  alterations  in  the  local  conditions  had 
taken  place  since  the  time  when  this  pool  was  formed  and  water  accumulated  in 
it  to  such  a  depth  as  to  allow  the  Chara  growing  luxuriantly  to  within  a  foot  of 
the  surface ;  as  those  alterations  probably  involved  an  elevation  of  the  district  and 
the  excavation  in  whole  or  in  oart  of  the  nresent  valley ;  and  as  the  formation  of 
the  pool  could  only  reasonably  oe  accountea  for  by  attributing  it  to  human  agency — 
that  we  had  here  another  item  of  evidence  of  the  high  antiquity  of  the  human 
race.  ^__^ 

The  Norwich  Crags  and  their  relation  to  the  Mammaliferous  Bed. 
By  J.  E.  Taylor. 
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On  the  recent  Discovery  of  Diamonds  in  the  Cape  Colony. 
By  Professor  Teitnant,  F.QJS. 

This  gem?  the  author  stated,  had  been  found  somewhat  abundantly  recently  in 
the  above  district ;  and  he  exhibited  the  casts  of  some  weighing  nine  carats,  worth 
500/.  Some  agate,  chalcedony,  and  other  precious  stones  found  in  the  same  de- 
posit had  teen  sent  him,  but  he  would  have  preferred  some  of  the  sand  and  mud 
in  which  they  were  deposited.  One  diamond,  found  very  recently,  weighed  as 
much  as  fifteen  and  a  half  carats.  The  author  was  of  opinion  that  before  long  we 
should  have  a  large  collection  of  diamonds  from  the  above  country,  adding  that, 
although  we  had  heard  a  great  deal  of  diamonds  being  found  in  Australia,  those 
stones  were  not  worth  now  so  many  pence  as  pounds  had  been  asked  for  them. 


Notes  on  certain  Reptilian  Remains  found  in  the  Carboniferous  Strata  of  Lanark- 
shire.     By  James  Thomson  (Glasgow). 

The  attention  that  has  been  given  recently  to  the  Reptiles  of  the  coal-period, 

makes  the  discovery  of  new  forms  or  more  perfect  specimens  of  the  utmost  unpor- 

-  tance,  as  it  will  tend  to  throw  light  on  species  established  hitherto  on  imperfect 

materials,  more  especially  since  tne  description  of  Anthracosaurus  RusseUi  by  Prof. 

Huxley  in  the  Quarterly  Journal  of  the  Geological  Society,  vol.  xix.  p.  56. 

The  specimens  which  the  author  exhibited  to  the  Section  were  found  a  few  days 
before  the  meeting  at  Quarter,  parish  of  Hamilton,  Lanarkshire.  They  occur  in 
the  parting  between  a  bed  of  ironstone-shale  and  coal.  The  ironstone  varies  in 
thickness  from  1  to  14  inches,  and  overlies  the  coal,  which  is  from  6  to  15 
inches  thick.  The  specimens  are  found  lying  on  the  surface  of  the  coal,  and 
invested  by  the  superincumbent  ironstone. 

The  whole  of  the  remains  retain  their  original  structure,  some  specimens  having 
their  original  form,  while  in  others  this  has  been  somewhat  affected  by  the  pressure 
of  the  superimposed  beds.  The  largest  and  most  important  specimen  is  the  greater 
part  of  a  skull  of  Anthraeosaurua,  measuring  10  inches  long  by  8  inches  wide 
posteriorly ;  opposite  the  vomerine  tusks  it  is  4  inches  wide.  The  under  side  is 
turned  upwards,  exposing  the  stumps  of  forty  broken  teeth  around  its  contour. 

On  the  same  slab,  and  partly  resting  on  the  posterior  portion  of  the  skull,  there  is 
an  under  jaw,  with  the  anterior  face  thrown  backwards,  and  which  probably  belongs 
to  the  same  reptile.  Also  another  upper  jaw,  which  was  found  in  the  same  locality, 
measuring  12 \  inches  long  by  4  inches  wide  at  the  widest  part,  with  7  perfect  teetn, 
and  the  stumps  of  18  exposed ;  a  slab  of  ironstone  with  three  ribs,  and  a  vertebra 
greatly  flattened,  showing  the  neural  canal  &c.  j  while  on  detached  pieces  of  coal 
are  numerous  bones  and  scutes.  Also  the  anterior  portion  of  two  jaws  of  the  so- 
called  Rhkodus  lanceifortrm  (?) ;  the  one  is  9^  inches  long  by  2  inches  wide^  with 
8  perfect  teeth,  and  the  stumps  of  7  exposed ;  the  other  is  7  J  inches  long  by  2  inches 
wide,  and  exposing  9  teeth,  5  of  which  are  perfect,  while  the  other  4  are  partially 
broken.  There  is  another  reptilian  jaw,  the  specific  name  of  which  the  author 
was  not  acquainted  with. 

In  the  same  parting  there  occurs,  in  remarkable  abundance,  specimens  of  the 
Cfyracanthus,  both  lateral  and  dorsal  spines,  bones,  and  scales  of  various  forms  of 
fishes ;  such  as  Megalichthys,  Strepsoaus,  Pleurodus,  Ctenacanthus  major,  C.  minor, 
Pleuracanthus,  Gyracanthus,  Ctenodus,  and  preserved  in  the  same  condition  as  those 
of  the  Reptiles. 

Of  Rhizodus  lanceiformis  (?)  the  author  had  discovered  remains  at  Braehead, 
Renfrewshire ;  the  beds  in  which  they  are  found  are  at  the  base  of  our  Scottish 
coal-measures  in  this  part  of  Scotland,  thus  showing  that  this  form  had  existed 
during  the  long  period  of  time  necessary  for  the  deposition  of  upwards  of  600  fathoms 
of  strata. 

The  bed  of  ironstone  referred  to  is. of  limited  extent,  and  belongs  to  the  upper 
members  of  the  Scottish  coal-measures ;  and  at  Quarter  is  40  fatnoms  below  the 
surface,  and  is  the  equivalent  of  the  better  known  Airdrie  black-band  ironstone. 
It  is  a  small  basin,  ana  situated  on  the  south  side  of  the  River  Avon,  on  the  banks 
of  which  the  ironstone  crops  out,  while  at  its  southern  extremity  it  is  thrown  to 
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the  surface  by  a  trap-dyke,  which  trends  from  N.N.W.  to  S.SJ3.,  displacing  the 
strata  about  vO  fathoms.  

On  some  New  Fossils  from  tJie  Longmynd  Rocks  of  Sweden. 
By  Prof.  Otto  Torrell. 

The  author  exhibited  a  series  of  slabs  marked  by  the  impressions  of  various  land- 
plants  known  to  geologists  by  the  name  of  chondrites.  lie  had  these  fossil  plants 
from  a  formation  much  older  than  any  from  which  fossils  have  hitherto  been  ob- 
tained. The  rocks  from  which  thev  were  derived  were  of  an  age  similar  to  those 
of  the  Longmynd  rocks  in  Wales.  I'he  under  sides  of  many  of  the  slabs  were  pitted 
with  the  markings  of  rain-drops  ;  and  the  conclusion  which  the  author  came  to  was, 
that  the  character  of  the  plants  and  the  meteorological  markings  upon  them  indi- 
cated that  they  had  been  deposited  under  shallow- water  conditions.  This  he  cor- 
roborated by  showing  that  a  bed  of  shingle  or  conglomerate  was  associated  with 
them,  which  he  judged  to  have  been  part  of  an  old  sea-beach.  The  same  slabs 
were  marked  by  the  trails  of  marine  worms  that  had  crawled  over  them.  The  casts 
of  some  of  these  worms  were  distinctly  to  be  seen  on  the  surface  of  the  slabs.  The 
slabs  were  handed  round,  and  scrutinized  most  minutely  by  many  geologists  present 

On  the  Glacial  and  Postglacial  Structure  of  Norfolk  and  Suffolk. 
By  Searles  V.  Wood,  Jun.,  and  F.  W.  Harmer. 

This  paper  was  a  summary  of  the  results  arrived  at  by  the  authors  from  a  survey 
and  mapping  of  the  Crag  and  Glacial  beds  of  Norfolk  and  Suffolk,  upon  the 
Ordnance  (one  inch  to  the  mile)  map,  which  they  have  been  carrying  on  during 
the  last  four  years.  The  paper  was  illustrated  with  a  large  map,  constructed  from 
their  survey  map,  and  copious  detailed  sections,  traversing  the  counties  in  various 
directions,  without  which  the  paper  itself  is  difficult  to  be  understood.  The  prin- 
cipal results  at  which  the  authors  have  arrived  at  are  as  follows : — 

That  the  Fluviomarine  Crag  of  Thorpe  and  Bramerton,  and  of  Wangford, 
Bulchamp,  and  Thorpe,  near  Aldborough,  is  coeval  with  the  newer  part  of  the  Red 
Crag. 

That  the  Crag  of  Burgh,  Horstead,  and  Coltishall,  in  the  Bure  Valley,  is  a  fluvio- 
marine development  of  the  Chillesford  shell-bed,  or  Crag  of  Easton  and  Aldeby, 
which,  divided  from  the  Bed  and  Fluviomarine  Crag  by  an  interval  of  sand  of  vary- 
ing thickness,  overlies  the  Bed  Crag  at  Chillesford,  and  the  Fluviomarine  Crag 
(or  old  Norwich  Crag)  at  Thorpe  and  Bramerton. 

That  the  so-called  Crag  of  Belaugh,  in  the  Bure  Valley,  and  the  so-called  Crag 
of  the  Weybourne  and  Cromer  coast,  are  newer  than  the  Chillesford  beds  (which, 
unless  the  pebble-beds  next  mentioned  be  a  still  higher  part  of  the  Crag  series, 
form  the  uppermost  of  the  true  Crag  series),  being  characterized  by  the  presence  in 
profusion  of  a  shell  unknown  to  any  bed  of  the  true  Crag  series  from  tne  Chilles- 
ford clay  downwards,  viz.  the  'leitina  solid ula;  and  were  introduced  after  an 
elevation  of  the  Crag  area  had  converted  the  southern  portion  of  it  into  land,  and 
given  rise  over  the,  northern  portion  to  extensive  sands  with  pebble-beds, 
which  rest  on  and  indent  the  Chillesford  clay  in  that  northern  portion.  These 
sands  with  pebbles  occupy  in  the  south  of  Norfolk  and  north  of  Suffolk  the  same 
place  relatively  to  the  Contorted  Drift  as  is  occupied  on  the  Cromer  coast  by  the 
Weybourne  sand  (or  so-called  "  Crag  "  of  the  Cromer  coast),  the  Cromer  Till,  and 
the  indenting  sand  (or  bed  c  after-mentioned).  These  pebble-beds  may  thus 
represent  in  time  either  the  whole  or  any  one  of  the  formations  a,  b,  and  c  (de- 
scribed further  on) ;  or  they  may  form  merely  the  closing  bed  of  the  true  Crag 
series*,  in  which  case  the  Wevbourne  sand,  the  Cromer  Till,  and  bed  c  are  en- 
tirely unrepresented  in  the  soutn  of  Norfolk  and  north  of  Suffolk. 

That  the  forest  beds  of  the  coast,  extending  from  Eccles  to  Weybourne,  with 
their  associated  sandy  clays  of  freshwater  origin  (being  the  oldest  beds  exposed 
along  that  coast,  and  having  been  partially  destroyed  by  the  denudation  of  the  sea 

*  The  authors  are  inclined  to  think  that  the  second  of  these  alternatives  in  the  true  one ; 
and  thc»y  hope  to  clear  up  the  point  by  means  of  a  fossiliferous  pebble-bed  near  Bungay. 
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depositing  the  so-called  Crag  containing  TeUina  solidula),  represent  a  land  surface 
of  some  period  anterior  to  this  so-called  Crag.  That  as  this  period  extends  from 
the  close  of  the  true  Crag  series  downwards,  such  land  surface  may  be  either  con- 
temporaneous with  the  true  Crag  series  (which  has  no  place  on  the  northern  coast 
of  Norfolk),  or  may  be  of  a  period  intervening  between  the  close  of  that  series  and 
the  actual  submergence  of  northern  Norfolk,  which  was  accompanied  by  the  intro- 
duction of  TeUina  solidtda,  and  the  accumulation  of  the  Wey bourne  sand,  or  so- 
called  "  Crag  "  of  the  Cromer  coast  *. 

That  the  mammalian  teeth  and  jaw  fragments  of  terresfrial  Mammalia  (generally 
more  or  less  rolled),  obtained  as  yet  from  the  Fluviomarine  Crag  and  ChUlesford 
beds,  do  not  represent  the  mammalian  fauna  of  the  deposit  in  which  they  occur, 
but  are  derivative  from  some  older  bed. 

That,  contrary  to  the  views  of  the  Rev.  John  Gunn  and  others,  who  discover  an 
Upper  and  Lower  Boulder-clay  in  the  cliffe  between  Weybourne  and  Eccles,  and 
identify  the  former  with  the  great  Boulder-clay  formation  of  the  East  of  England, 
the  authors  regard  everything  in  those  cliffs  as  inferior,  not  only  to  the  great 
Boulder-clay,  but  also  to  the  extensive  sands  and  gravels  termed  by  them  Middle 
Glacial ;  these  sands  and  gravels  (which  underlie  a  large  part  of  the  great  Boulder- 
clay  in  the  counties  of  Norfolk,  Suffolk,  Essex,  Hertford,  Buckingham,  and  Leices- 
ter) only  capping  with  their  base  the  cliffs  in  places,  but  in  greater  mass  forming 
the  sand  hills,  which  immediately  inland  occupy  higher  ground  than  the  top  of  the 
cliffs,  and  are  spread  extensively  over  northern  Norfolk. 

That  all  the  beds  of  the  cliff-section  between  Eccles  and  Weybourne  (except  the 
patches  of  the  base  of  the  Middle  Glacial  sands,  which  in  places  cap  it)  wrm  a 
series  of  themselves  which  they  term  the  Lower  Glacial,  and  are  throughout  cha- 
racterized hy  the  presenco  of  TeUina  solidula.  These  are  divisible  into  the  following, 
which  are  given  in  the  ascending  order. 

a.  The  Weybourne  Sand,  the  base  of  which,  when  resting  on  the  Chalk,  is 
often  occupied  by  an  accumulation  of  shell-patches  known  to  collectors  as  "  The 
Norwich  Crag"  of  the  coast.  This  sand  becomes,  east  of  Cromer,  charged  with 
lignite,  and  often  laminated  with  bands  of  lignitiferous  clay,  in  which  condition  it 
constitutes  the  a  laminated  series  "  of  the  Rev.  John  Gunn.  In  that  condition  it 
is  unfossiliferous,  the  lignite  intermixture  apparently  rendering  it  unsuited  for 
molluscan  life,  of  which  tne  remains  are  usually  present  when  in  its  pure  condition. 
This  sand  passes  up  by  interbedding  into — 

b.  The  Cromer  Till,  or  "  Lower  Boulder-clay  "  of  Mr.  Gunn,  a  sandy  clay  with 
numerous  small  stones,  and  with  occasionally  a  boulder  of  larger  dimensions. 

c.  Sands  which,  where  the  cliff  is  uncontorted,  are  seen  to  be  indented  into  a 
deeply  eroded  surface  of  the  Till,  and  to  have  themselves  been  also  denuded,  so  as 
to  form  an  even  floor  for  the  ensuing  formation,  viz.  :— 

d.  The  Contorted  Drift.  This  bed  is  the  widest  spread  of  the  Lower  Glacial 
series.  It  begins  in  the  north  of  Suffolk  as  a  reddish-brown  brick-earth,  a  few 
feet  thick,  resting  on  the  sands  with  pebbles,  before  described,  but  sometimes  the 
pebbly  sands  have  been  removed.  It  comes  up  at  the  base  of  PakefieM  and  Corton 
cliffs  (where,  as  well  as  in  the  sections  at  Bishops  Bridge,  Norwich,  it  is  called  bv 
Mr.  Gunn  and  others  "  Lower  Boulder-clay  "),  and  thickening  rapidly  as  it  extends 
northwards,  comes  out  at  the  eastern  termination  of  the  Cromer  coast  section  at 
Eccles,  as  the  well-known  Contorted  Drift  of  that  coast,  from  whence  it  extends 
continuously,  and  as  the  uppermost  bed  of  the  cliff  (except  the  sand  cappings)  to 
Weybourne.  The  authors  state  that  they  have  traced  it  from  its  attenuated  com- 
mencement in  the  north-east  of  Suffolk  and  south-east  of  Norfolk  in  every  direc- 
tion northwards,  and  found  it  at  Cargate  Green,  near  Acle  (ten  miles  only  south  of 

*  The  authors  would  observe  that  the  position  of  the  bed  yielding  wood  and  mam- 
malian remains  beneath  the  Middle  Glacial  sands  at  Kessin^land  Cliff  in  Suffolk,  seems, 
from  its  position  relatively  to  the  ChUlesford  clay,  two  miles  distant,  to  be  clearly  sub- 
sequent to  the  close  of  the  Crag  series ;  but  whether  this  bed  be  synchronous  with  the 
whole  of  the  Forest  and  freshwater  deposits  of  the  Cromer  coast,  or  whether  the  latter  may 
not  represent  a  much  longer  duration  of  land  surface — a  duration  embracing  the  period  of 
the  Kessingland  bed,  but  reaching  back  into  the  Crag  period— must  be  determined  by  the 
paloeontological  evidence  only. 
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the  Cromer  coast),  overlain  by  the  great  Boulder-clay  (or  Upper  Glacial),  and  at 
West  Somerton  (seven  miles  south-east  of  the  Eccles  termination  of  the  coast 
section)  overlain  by  Middle  Glacial  sand,  and  that  again  by  the  great  Boulder-clay 
in  direct  superposition.  In  its  brick-earth  condition  it  is  sometimes  full  of  small 
stones,  occasionally  also  of  minute  chalk  fragments,  and  often  contains  large  sand- 
galls.  In  the  direction  of  Weybourne  this  deposit  becomes  more  marly  by  the  in- 
termixture of  fine  chalk  sediment;  and  west  of  Mundesley,  at  which  place  it 
begins  to  be  contorted,  great  masses  of  pure  white  marl  or  reconstructed  Chalk 
(which  have  been  described  as  chalk-masses  by  observers)  occur  in  it,  which,  by 
the  weight  of  the  bergs  carrying  them,  have  sunk  in  some  cases  into  the  subjacent 
Till,  and  even  into  the  Weybourne  sand.  These  marl-masses  the  authors  describe 
as  being  detached  fragments  from  the  more  inland  portion  of  the  Contorted  Drift 
itself;  which,  inland  from  the  coast,  both  southwards  towards  Reepham  and 
Holt,  and  westwards  towards  Wells,  becomes  formed  exclusively  of  this  marl. 
They  attribute  the  formation  of  this  marly  portion  of  the  Contorted  Drift  to  a  dis- 
charge of  ground-up  Chalk  from  the  debouchure  of  a  glacier  that  occupied  the 
Chalk  country  of  Cambridgeshire  and  West  Suffolk  j  the  brick-earth  which  forms 
the  easterly  development  of  the  Contorted  Drift  being  due  to  a  river  discharge  in 
that  part,  the  two  sediments  intermingling  in  the  intermediate  area,  and  pro- 
ducing the  alternations  of  marl  and  brick-earth  there  presented  by  this  formation. 
The  detached  masses  of  the  marl  were,  they  consider,  introduced  into  the  brick- 
earth  portion  of  the  deposit  by  the  agency  of  bergs,  which,  breaking  from  the 
glacier  and  grounding,  picked  up  masses  of  the  marl  forming  over  the  sea-bottom 
in  that  part  of  the  area.  These  masses  the  bergs  carried  out  into  the  area  where 
the  brick-earth  was  accumulating,  and  grounding  again,  imbedded  them  in  the 
brick-earth,  and  even  in  the  subjacent  Till  and  Weybourne  sand,  contorting  the 
beds  in  the  process.  From  detached  portions  of  this  marl,  which  they  have  found 
as  far  south  as  Clay  don,  near  Ipswich,  and  Stanstead,  near  Lavenham,  in  Suffolk, 
they  infer  that  this  deposit  covered  the  west  of  Suffolk  and  Norfolk,  but  under- 
went great  denudation  in  the  former  part  by  the  waters  of  the  Middle  Glacial  seas, 
the  sands  of  that  sea,  west  and  south  of  Diss,  lying  up  to  bosses  of  it  in  some  parts, 
and  overlying  it  in  others. 

That  the  fauna  of  the  Lower  Glacial  beds  is  marked  by  the  disappearance  of  all 
except  the  boreal  and  arctic  mollusca  of  the  Crag,  rather  than  by  the  introduction 
of  a  new  fauna,  the  principal  introduction  being  the  Tellina  s&idula.  A  list  of 
twenty-eight  species  of  mollusca  was  given  by  the  authors  from  these  Lower  Glacial 
beds. 

That  the  sands  and  gravels,  attaining  frequently  a  thickness  of  fifty  or  sixty  feet, 
which  underlie  much  of  the  great  Boulder-clay  in  the  six  counties  before  men- 
tioned, and  which,  termed  by  the  authors  the  Middle  Glacial,  pass  over  the  Lower 
Glacial  series,  a,b,  c,and  d,  just  described,  contain  a  molluscan  fauna,  of  which  they 
enumerate  twenty-three  species.  The  interest  attaching  to  this  fauna  consists  in  the 
fact  that  Pectunculus  glyctmeris,  which  dies  out  in  the  newer  part  of  the  Red  Crag", 
and  is  excessively  rare  in  the  Fluviomarine  or  true  Norwich  Crag,  returned  during 
this  formation  in  abundance,  as  well  as  Ostrea  edulis,  a  shell  which  similarly  dis- 
appears in  the  newer  beds  of  the  Crag,  and  it  is  not  known  now  within  the  Arctic 
circle.  Although  a  bed,  a  few  feet  thick,  of  Boulder-clay  identical  in  composition 
with  the  great  Boulder-clay,  but  of  verv  limited  extent,  occurs  at  the  base  of  this 
formation  at  two  places  in  north-east  Suffolk,  and  at  one  place  in  Hertfordshire, 
its  features  and  fauna  both  appear  to  indicate  that  some  considerable  amelioration  of 
the  very  severe  climate  to  wnich  the  marl  of  the  Contorted  Drift  that  preceded  it 
was  due,  occurred  in  the  interval  occupied  by  this  formation. 

That  the  true  widespread  Boulder-clay  of  the  east  of  England,  termed  by  the 
authors  the  Upper  Glacial,  ceases  from  denudation  in  northern  Norfolk,  along  a 
line  drawn  from  Winterton  on  the  north-east  coast  to  Norwich,  and  thence  passing 
near  Aylsham  through  Cawston,  Guestwick,  and  Barney,  to  a  point  a  little  north 
of  Fakenham.  On  the  east  of  the  county  (that  is  to  eay,  to  the  south-east  of  a 
lino  joining  Norwich  and  Happisburgh)  the  Middle  Glacial  sand  and  the  under- 
lying Contorted  Drift  crop  out  from  beneath  the  true  Boulder-clay  in  regular 
sequence  j  but  over  the  centre  of  Norfolk  the  authors  describe  a  very  anomalous 
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ucture,  which  ie  that  the  true  Boulder-clay  (or  Upper  Glacial)  has  heen  depo- 
ed  in  a  great  trough  more  than  twenty  miles  wide,  which  has  heen  excavated 
roujrh  the  Middle  Glacial  sands  and  subjacent  Lower  Glacial  beds  down  to  the 
lalk.  The  effect  of  this  has  been  to  bring  the  true  Boulder-clay  (or  Upper  Gla- 
il),  resting  on  the  Chalk,  down  to  a  level  on  the  west  and  south-west  of  Nor- 
cn,  which  in  some  parts  is  below  that  of  the  Crag,  and  nearly  100  feet  below 
e  position  which  it  occupies  when  resting  on  the  older  Glacial  beds  in  undis- 
rbed  sequence  of  deposit,  the  Chalk  upon  which  the  Upper  Glacial  thus  rests 
rect  being  generally  m  a  glaciated  or  disturbed  condition. 
That  over  the  central  part  of  Norfolk,  where  the  Upper  Glacial  thus  goes  down 

solid  mass  to  the  Chalk,  it  is  overspread  by  extensive  beds  of  Postglacial 
•avel*,  which  not  only  cap  the  plateaux,  but  spread  over  the  sides  of  the  valleys, 
metimes  forming  a  continuous  wrapping  sheet  down  to  their  bottoms,  and  fro- 
nting a  general  absence  of  terrace  structure.  These  features  the  authors  consider 
\  repugnant  to  any  theory  accounting  for  the  excavation  of  the  valleys  by  river- 
;tion.  Similar  old  Postglacial  gravels  are  also  present,  but  less  extensively,  in 
istern  Norfolk,  where  they  rest  on  the  denuded  surfaces  of  the  Upper  and  Middle 
lacial  formations ;  large  sheets  of  them  capping  the  former  at  Jroringland,  and 
ie  latter  at  Mousehold  Heath. 

That,  in  addition  to  these  older  travels,  sheets  of  a  newer  gravel,  more  or  less 
ancealed  by  the  alluvium,  occupy  the  bottoms  of  most  of  the  river-valleys.  This 
ewer  gravel  they  consider  may  be  the  deposits  of  rivers  during  the  Postglacial 
eriod,  and  after  the  valleys  had  been  formed  by  tidal  action. 

The  sequence  of  the  beds,  omitting  the  Postglacial,  may  be  summed  up  as  fol- 
[)ws,  the  beds  being  taken  in  descending  order : — 

.  The  Upper  Glacial,  or  true  Boulder-clay  of  the  East  of  England. 

!.  The  Middle  Glacial  sands  and  gravels. 

\.  The  Contorted  Drift,  beginning  as  a  thin  bed  in  the  north-east  of  Suffolk, 

and  thickening  out  towards  the  Norfolk  coast 
I.  The  Pebbly  sands  and  Pebble-beds, 
j.  The  Chillesford  Clay. 
3.  Sands  containing  the  Chillesford  shell-bed,  or  Crag  of  Chillesford,  Sud- 

bourn  Church  Walks,  Easton  Cliff,  and  Aldeby,  and  Upper  bed  of 

Bramerton. 
7.  The  Red  and  Fluviomarine  Crag. 

The  Weybourn  sand  (a),  the  Cromer  Till  (b),  and  the  indenting  sand  (c)  (which  with 
the  Contorted  Drift  make  up  the  Lower  Glacial  formation)  come  in  below  the  bed  No.  3, 
wliich  spreads  over  them  and  over  No.  4 ;  but  as  they  are  absent  where  No.  4  is  present, 
they,  as  before  explained,  may  either  represent  No.  4,  or  No.  4  may  be  only  the  uppermost 
member  of  the  true  Crag  series. 

In  South-east  Suffolk  No.  2  rests  on  5,  6,  or  7,  but  most  frequently  on  No.  7,  Nos.  5 
and  6  having  been  much  denuded  prior  to  the  deposit  of  No.  2. 
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BIOLOGY. 

'Address  by  the  Rev.  M.  J.  Berkeley,  M.A.,  F.L.S.,  President  of  ihe  Section. 

After  alluding  to  personal  matters  that  had  hitherto  prevented  him  from  car- 
rying out  his  original  intention  of  instituting  a  course  of  experiments  illustrative 
of  the  theories  which  have  lately  been  broached  by  Dr.  Hallier  and  others  respect- 
ing the  origin  of  cholera  and  some  other  formidable  diseases,  the  President  pro- 
ceeded as  follows : — 
Few  points  are  of  greater  significance  than  those  which  touch  upon  the  intimate 

*  In  the  small  map  of  the  Glacial  beds  of  the  east  of  England,  printed  by  one  of  the 
authors  for  private  circulation  in  1865,  the  centre  of  Norfolk,  where  these  Postglacial 
sands  and  gravels  so  extensivoly  occur,  was  represented  as  principally  occupied  bj  the 
sands  and  gravels  of  the  Middle  Glacial  series.  This  error,  which  the  prosecution  of  their 
work  has  detected,  the  authors  desire  to  call  to  notice. 
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connexion  of  animal  and  vegetable  life.  Fresh  matter  is  constantly  turning  up, 
mo3t  clearly  indicating  that  there  are  organisms  in  the  vegetable  kingdom  which 
cannot  be  distinguished  from  animals.  The  curious  observations  which  showed 
that  the  protoplasm  of  the  spores  of  Botrytis  infestans  (the  Potatoe  mould)  is  at 
times  differentiated,  and  ultimately  resolved  into  active  flagelliferous  zoospores, 

Suite  undistinguishable  from  certain  Infusoria,  have  met  their  parallel  in  a  memoir 
itely  published  by  MM.  Famintzin  and  Boranetzky  respecting  a  similar  differen- 
tiation in  the  gonidia  of  Lichens  belonging  to  the  genera  l*hyscia  and  Cladvnta, 
It  is,  however,  only  certain  of  the  gonidia  which  are  so  circumstanced  ;  the  contents 
of  others  simply  divide  into  motionless  globules. 

A  still  more  curious  fact,  if  true,  is  described  by  De  Bary,  after  Cienkowsky,  in 
the  division  of  Fungi  known  under  the  name  of  Myxogastres  or  false  puff  balls. 
Their  spores,  when  germinating,  in  certain  cases  give  rise  to  a  body  not  distin- 
guishable from  Amoeba,  though  in  others  the  more  ordinary  mode  of  germination 
prevails.  In  the  first  instance  De  Bary  pronounced  these  productions  to  belong 
to  the  animal  kingdom,  so  striking  was  the  resemblance ;  out  in  our  judgment 
he  exercised  a  wise  discretion  in  comprising  them  amongst  vegetables  in  a  late 
volume  of  Hofmeister's  l Handbuch.' 

The  point,  however,  to  which  I  wish  to  draw  your  attention,  and  one  of  great 
interest  if  ultimately  confirmed,  is  that  the  gelatinous  mass  produced  either  inde- 
pendently, or  by  the  blending  of  these  Amoeboid  bodies,  is  increased,  after  the 
manner  of  true  Amoebae,  by  deriving  nourishment  from  different  organisms  involved 
by  accident  from  the  extension  of  the  pseudopodia.  These  strange  bodies,  accord- 
ing to  our  author,  behave  themselves  precisely  after  the  same  manner  as  those  en- 
closed accidentally  in  undoubted  animals.  If  this  be  true,  it  shows  a  still  more 
intimate  connexion,  or  even  identity  of  animals  and  vegetables  than  any  other  fact 
with  which  I  am  acquainted. 

Tou  are  all  doubtless  aware  of  the  important  part  which  minute  fungi  bear  in  the 
process  of  fermentation.  A  very  curious  contribution  to  our  information  on  cog- 
nate matters  has  lately  been  published  by  Van  Tieghem,  in  which  he  shows  that 
tannin  is  converted  into  gallic  acid  by  the  agency  of  the  mycelium  of  a  species  of 
Aspergillus,  to  which  he  has  given  the  name  of  Aspergillus  niger.  The  paper  will 
be  found  in  a  late  Number  of  the  '  Annales  des  Sciences  Naturalles,'  and  is  well 
worth  reading. 

^  We  now  come  to  the  subject  which  I  mentioned  at  the  beginning  of  this  address, 
viz.  the  theory  of  Hallier  respecting  the  origin  of  certain  diseases.  His  observa- 
tions  were  at  first  confined  to  Asiatic  cholera,  but  her  has  since  made  a  commu- 
nication to  the  authorities  of  the  Medical  Department  of  the  Privy  Council 
Office,  to  the  effect  that  in  six  other  diseases — typhus,  typhoid,  and  measles  (in 
the  blood),  variola,  variola  ovina,  and  vaccinia  (in  the  exanthemes) — he  has 
found  certain  minute  particles  which  he  calls  micrococci,  which  under  culture-ex- 
periments give,  for  each  of  the  above-mentioned  diseases,  a  constant  and  charac- 
teristic fungus.  He  states  'that  in  variola  he  gets  the  hitherto  unknown  pyenidia 
of  Eurotium  herbariorum ;  in  vaccinia,  Aspergillus  glatwus,  Lk.  j  in  measles,  the 
true  Mucor  mucedo,  of  Fresenius ;  in  typhus,  Bhizopus  nigricans,  Ehrenberg ;  and 
in  typhoid,  Pemcillium  crustaceum,  Fries.  He  adds  that  the  culture-experiments, 
especially  with  the  variola  diseases,  have  been  so  very  numerous  as  to  exclude  from 
the  results  all  supposition  of  accident — that  different  districts,  different  epidemics, 
and  different  times  have  given  identical  results.  I  am  anxious  to  say  a  few  words 
about  the  subject,  because  most  of  the  reports  which  have  been  published  in  our 
medical  journals  give  too  much  weight,  in  my  opinion,  to  his  observations,  as 
though  the  matter  had  been  brought  to  a  logical  conclusion,  which  is  far  from 
being  the  case.  I  am  happy  to  say  that  it  has  been  taken  up  by  De  Bary,  who  is  so 
well  calculated  to  give  something  like  a  conclusive  answer  to  the  question,  and  also 
that  it  has  been  taken  in  hand  by  the  medical  authorities  of  our  army,  who  are 
about  to  send  out  two  of  their  most  promising  young  officers,  perfectly  unprejudiced, 
who  will  be  in  close  communication  both  with  De  Bary  and  Hallier,  so  as  to  make 
themselves  perfect  masters  of  their  views,  and  to  investigate  afterwards  the  subject 
for  themselves. 
The  fault,  as  I  conceive,  of  Hallier's  treatise  is,  that  while  his  mode  of  investi- 
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ion  is  unsatisfactory,  he  jumps  far  too  rapidly  to  Ids  conclusions.  It  is  quite 
sible  that  certain  fungi  may  occur  constantly  in  substances  of  a  certain  chemical 
molecular  constitution,  but  this  may  be  merely  a  case  of  effect  instead  of  cause, 
rides,  as  I  conceive,  the  only  safe  way  of  ascertaining  what  really  originates 
m  such  bodies  as  those  which  he  terms  micrococci,  or  the  larger  ones  commonly 
led  yeast-globules,  is  to  isolate  one  or  two  in  a  closed  cell  so  constructed  that  a 
licle  of  air,  if  I  may  so  term  it,  surrounds  the  globule  of  fluid  containing  the 
lies  in  question,  into  which  they  may  send  out  their  proper  fruit — a  method 
ich  was  successful  in  the  case  of  yeast,  which  consists  of  more  than  one  fungus, 
I  of  the  little  Sclerotium,  like  grains  of  gunpowder,  which  is  so  common  on 
pus.  Any  one  who  follows  the  growth  of  moulds  on  moist  substances,  and  at 
erents  depths,  as  paste  of  wheat  or  rice-flour,  will  see  that  numberless  different 
iifications  are  assumed  in  different  parts  of  the  matrix,  without,  however,  a 
feet  identification  with  fungi  of  other  genera.     Some  of  these  will  be  seen  in 

figures  I  have  given  in  the  '  Intellectual  Observer,'  and  the  '  Journal  of  the 
mean  Society/  of  different  forms  assumed  by  the  moulds  to  which  that  for- 
lable  disease,  the  fungus  foot  of  India,  owes  its  origin.  This  is  quite  a  different 
er  of  facts,  from  the  several  conditions  assumed  by  the  conidiiferous  state  of 
le  of  the  vesiculiferous  moulds — as  for  example  Jiotrytis  Jonesii,  which  has 
n  ascertained  to  be  a  conidiiferous  state  of  Mucor  mucedo,  while  two  forms  of 
t  occur  of  the  same  mould  in  what  is  called  Ascophora  elegans ;  or  the  still  more 
rvellous  modification  which  some  of  the  Mucors  undergo  when  grown  under 
£r,  as  evinced  by  some  of  the  Saprolegniro,  the  connexion  of  which  was  indi- 
>d  by  Cams  some  fifty  years  ago,  out  which  has  never  been  fully  investigated. 
Vhen  Hallier  intimates  that  he  has  raised  from  cholera  evacuations  such  a  para- 

as  Urocystis  occulta,  he  should  have  been  content  with  stating  that  a  form  of 
;tification  occurred  resembling,  but  not  idenical  with,  that  fungus.  Indeed, 
>mpari8on  with  authentic  specimens  of  that  species,  published  by  Rabenhorst, 
er  the  generic  name  of  Ustilago,  shows  that  it  is  something  very  different,  and 
the  notion  of  cholera  being  derived  from  some  parasite  on  the  rice-plant  rests 
f  much  on  the  occurrence  of  this  form.  But  even  supposing  that  some  Urocystis 
Polycystis  as  the  genus  is  more  commonly  named)  was  produced  from  cholera 
cuations,  there  is  not  a  particle  of  evidence  to  connect  this  with  the  rice-plant, 
the  enormous  collections  transmitted  by  Dr.  Curtis  from  the  southern  Lnited 
tes,  amounting  to  7000  specimens,  there  is  not  a  single  specimen  of  rice  with 

endophytic  fungus,  ana  it  is  the  same  with  collections  from  the  East.  Mr. 
vaites  has  made  very  diligent  search,  nncl  employed  others  in  collecting  any 
p.  which  may  occur  on  rice,  and  has  found  nothing  more  than  a  email  superfi- 

fungus  nearly  allied  to  Cladosporium  herbarum,  sullying  the  glumes  exactly 
that  cosmopolitan  mould  stains  our  cereals  in  damp  weather.  Rice  is  occa- 
lally  ergoted,  but  I  can  find  no  other  trace  of  fungi  on  the  grains.  Again,  when 
alks  of  TiUetia,  or  the  "Wheat  Bunt,  being  derived  from  the  East — supposing 
?at  to  be  a  plant  of  Eastern  origin,  there  is  no  evidence  to  bear  out  the  asser- 
:,  as  it  occurs  on  various  European  grasses;  and  there  is  a  distinct  species 
eh  preys  on  wheat  in  North  Carolina,  which  is  totally  unlniown  in  the  Old 
rid. 

might  enter  further  into  the  matter,  were  it  advisable  to  do  so  at  the  present 
nent.  All  I  wish,  however,  is  to  give  a  caution  against  admitting  his  facts 
implicitly,  especially  as  somewhat  similiar  views  respecting  disease  have  lately 
;hed  us  from  America,  and  have  become  familiar  from  gaining  admittance  into  a 
•nal  of  such  wide  circulation  as  '  All  the  Year  Round/  where  Hallier's  views 
noticed  as  if  his  deductions  were  perfectly  logical. 

he  functions  of  spiral  vessels,  or  of  vascular  tissue  in  general,  have  long  been 
ibject  of  much  controversy,  and  few  matters  are  of  more  consequence  as  regards 

real  history  of  the  distribution  of  sap  in  plants.  A  very  able  paper  on  the 
ject,  to  which  allusion  was  made  by  Dr.  Hooker  in  his  address,  has  been  pub- 
ed  by  Mr.  Herbert  Spencer  (than  who  few  enter  more  profoundly  into  ques- 
is  of  physiology)  in  tne  Transactions  of  the  Linnean  Society,  liy  a  line  of 
e  argument  and  observation  he  shows,  from  experiments  with  coloured  fluids 
able  of  entering  the  tissues  without  impairing  vitality,  and  that  not  only  in 
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cuttings  of  plants,  but  in  individuals  in  which  the  roots  were  uninjured,  that  the  sap 
not  only  ascends  by  the  vascular  tissue,  but  that  the  same  tissue  acts  in  its  turn  as 
an  absorbent,  returning  and  distributing  the  sap  which  has  been  modified  in  the 
leaves.  That  this  tissue  acts  some  important  part  is  clear  from  the  constancy  with 
which  it  is  produced  at  a  verv  early  stage  in  adventitious  buds,  establishing  a  con- 
nexion between  the  tissues  of  the  old  and  new  parts.  This  appears  also  from  the 
manner  in  which  in  true  parasites  a  connexion  is  established  between  the  vascular 
tissue  of  the  matrix  and  its  parasite,  as  shown  bv  our  President  in  his  masterly 
treatise  on  Balanophorre,  and  more  recently  by  Solms-Laubach  in  an  elaborate 
memoir  in  Pringsheim's  Journal.  It  is  curious  that  in  organs  so  closely  analogous 
to  the  tracheee  of  insects  a  similar  connexion  should  long  since  have  been  pointed 
out  by  Mr.  Newport,  in  the  case  of  certain  insect  parasites. 

A  circumstance,  again,  which  constantly  occurs  m  the  diseases  of  plants  confirms 
the  views  of  Mr.  Herbert  Spencer.  In  diseased  turnips,  grapes,  potatoes,  Ac,  it 
is  especially  the  vascular  tissue  which  is  first  gorged  with  the  ulmates  which  are 
so  characteristic  of  disease. 

Monsieur  Casimir  De  Candolle,  in  a  clever  memoir  on  the  morphology  of  leaves, 
has  come  to  the  conclusion,  after  studying  the  arrangement  of  their  vascular  tissue, 
that  they  are  branches  in  which  the  side  towards  the  axis,  which  he  calls  the  pos- 
terior, is  atrophied.  This  subject  has  been  followed  out  in  those  organs  which  are 
considered  as  modifications  of  leaves,  as,  for  example,  stamens,  in  which  he  finds 
sometimes  the  posterior  side,  sometimes  the  anterior,  atrophied.  If  his  theory 
is  true,  this  would  result  from  the  way  in  which  they  originated,  and  the  reference 
they  bore  to  contiguous  organs.  The  subject  is  well  worth  attention,  and  may 
eventually  throw  considerable  light  on  those  anomalous  cases  in  teratology  which 
will  not  accommodate  themselves  to  the  usual  theory  of  metamorphosis.  Some  of 
these  cases  are  so  puzzling  and  complicated,  that  a  very  clever  botanist  once  told 
me,  a  Monstrous  flowers  teach  us  nothing," — not  meaning  to  abjure  all  assistance 
from  them,  but  simply  to  indicate  that  tney  may  be  deceptive.  Such  flowers  as 
double  primroses,  and  the  strange  developments  on  the  corollas  of  some  Gloxinias, 
may  possibly  receive  their  explanation  from  a  careful  study  of  the  course  of  the 
vascular  tissue.  As  the  colour  on  the  anterior  and  posterior  order  in  the  latter 
case  is  reversed,  the  doctrine  of  dedoublement  does  not  at  all  help  us. 

Hofmeister,  in  his  '  Handbuch  der  Physiologischen  Botanik,'  nas  an  important 
chapter  on  free-cell  formation,  which  at  the  present  moment  is  of  great  interest  as 
connected  with  Mr.  Darwin's  doctrine  of  Pangenesis.  Mr.  Rainey  has  showed 
that  the  formation  of  false  cells  takes  place  in  the  solutions  of  gum  and  other  sub- 
stances ;  and  if  this  is  the  case  where  no  vital  agency  is  concerned,  we  may  well 
be  prepared  for  the  formation  of  living  cells  in  organizablo  lymph,  or  in  other 
properly  constituted  matter.  The  curious  cell-formation  of  Gum  Tragacanth  may 
be  an  intermediate  case.  Be  this,  however,  as  it  may,  we  have  examples  of  free- 
cell  formation  in  the  formation  of  nuclei,  in  the  embryos  of  plants,  and  above  all 
in  the  asci  of  ascomycetous  fungi.  In  plants  whose  cells  contain  nuclei,  new  cells 
are  never  formed  without  the  formation  of  new  nuclei,  the  number  of  which  ex- 
actly corresponds  with  that  of  the  new  cells, 

It  would  oe  unpardonable  to  finish  these  somewhat  desultory  remarks  without 
adverting  to  one  of  the  most  interesting  subjects  of  the  day, — the  Darwinian 
doctrine  of  Pangenesis.  After  the  lucid  manner,  however,  in  which  this  doctrine 
was  explained  bv  Dr.  Hooker  in  his  opening  address,  I  should  be  inclined  to  omit 
it  altogether  had  I  not  looked  at  it  from  a  somewhat  different  point  of  view,  so  that 
I  should  not  be  trespassing  upon  your  time  in  going  over  the  same  ground.  Others, 
indeed,  as  Owen  and  Herbert  Spencer,  have  broached  something  of  the  kind,  but 
not  to  such  an  extent ;  for  the  Darwinian  theory  includes  atavism,  reversion,  and 
inheritance,  and  embraces  mental  peculiarities  as  well  as  physical.  The  whole 
matter  is  at  once  so  complicated,  and  the  theory  so  startling  that  the  mind  at  first 
naturally  shrinks  from  the  reception  of  so  bold  a  statement.  Like  everything, 
however,  which  comes  from  the  pen  of  a  writer  whom  I  have  no  hesitation,  so  far 
as  my  own  judgment  goes,  in  considering  as  by  far  the  greatest  observer  of  our  age, 
whatever  may  be  thought  of  his  theories  when  carried  out  to  their  extreme  results, 
the  subject  demands  a  careful  and  impartial  consideration.    Like  the  docfrine  of 
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natural  selection,  it  is  sure  to  modify,  more  or  less,  our  modes  of  thought.  Even 
supposing  the  theory  unsound,  it  is  to  be  observed,  as  Whewell  remarks,  as  quoted 
by  our  author,  "  Hypotheses  may  often  be  of  service  to  science  when  they  involve 
a  certain  portion  of  incompleteness,  and  even  error."  Mr.  Darwin  says  himself 
that  he  has  not  made  Histology  an  especial  branch  of  study,  and  I  have  therefore 
less  hesitation,  though  "  impar  congressus  Achilli,"  in  expressing  an  individual 
opinion  that  he  has  laid  too  much  stress  on  free-cell  formation,  which  is  rather  the 
exception  than  the  rule.  Assuming  the  general  truth  of  the  theory,  that  molecules 
endowed  with  certain  attributes  are  cast  off  by  the  component  cefls  of  such  infini- 
tesimal minuteness  as  to  be  capable  of  circulating  with  the  fluids,  and  in  the  end  to 
be  present  in  the  unimpregnated  embryo-cell  and  spermatozoid,  capable  either  of 
lying  dormant  or  inactive  for  a  time,  or,  when  present  in  sufficient  potency,  of  pro- 
ducing certain  definite  effects,  it  seems  to  me  far  more  probable  that  they  should 
be  capable  under  favourable  circumstances  of  exercising  an  influence  analogous  to 
that  which  is  exercised  by  the  contents  of  the  pollen-tube  or  spermatozoid  on  tho 
embryo  sac  or  ovum,  than  that  these  particles  snould  be  themselves  developed  into 
cells  j  and  under  some  such  modification  I  conceive  that  the  theory  is  far  more 
likely  to  meet  with  anything  like  a  general  acceptation.  Be  this,  however,  as  it 
may,  its  comprehensiveness  will  still  remain  the  same.  We  must  still  take  it  as  a 
compendium  of  an  enormous  mass  of  facts,  comprised  in  the  most  marvellous  man- 
ner within  an  extremely  narrow  compass. 

1  shall  venture  to  offer  a  very  few  words  in  conclusion,  which  perhaps  may  be 
thought  to  have  too  theological  an  aspect  for  the  present  occasion. 

It  is  obvious  how  open  such  a  theory  is  to  the  charge  of  materialism.  It  is  an 
undoubted  fact,  however,  that  mental  peculiarities  and  endowments,  together  with 
mere  habits,  are  handed  down  and  subject  to  the  same  laws  of  reversion,  atavism, 
and  inheritance  as  mere  structural  accidents,  and  there  must  be  some  reason  for 
one  class  of  facts  as  well  as  the  other  j  and  whatever  the  explanation  may  be,  the 
hand  of  God  is  equally  visible  and  equally  essential  in  all.  We  cannot  now  refer 
every  indication  of  thought  and  reasoning  beyond  the  pale  of  humanity  to  blind 
instinct,  as  was  once  the  fashion,  from  a  fear  of  the  inferences  which  might  be 
made.  Should  any  one,  however,  be  still  afraid  of  any  theory  like  that  before  us, 
I  would  suggest  that  man  is  represented  in  Scripture  as  differing  from  the  other 
members  of  the  animal  world,  bv  possessing  a  spirit  as  well  as  a  reasoning  mind. 
The  distinction  between  faxy  anil  irvivpa,  which  is  recognized  by  the  Germans  in 
their  familar  words  seek  and  ffist}  but  which  we  have  no  words  in  our  language* 
to  express  properly,  or  in  other  terms  between  mere  mental  powers  which  the  rest 
of  the  creation  possess  in  greater  or  less  degree  in  common  with  ourselves,  and  an 
immortal  spirit,  if  rightly  weighed,  will  perhaps  lead  some  to  look  upon  the 
matter  with  less  fear  and  prejudice.  Nothing  can  be  more  unfair,  and  I  may  add 
unwise,  than  to  stamp  at  once  this  and  cognate  speculations  with  the  charge  of 
irreligion.  Of  this,  however,  I  feel  assured  that  the  members  of  this  Association 
will  conclude  with  me  in  bidding  this  great  and  conscientious  author  God-speed, 
and  join  in  expressing  a  hope  that  his  health  may  be  preserved  to  enrich  science 
with  the  results  of  his  great  powers  of  mind  and  unwearied  observation. 


Botany  and  Zoology. 

On  the  Structure  of  Coppinia  arcta. 
By  Professor  George  J.  Allman,  M.D.,  F.M.8. 

There  is  a  peculiar  production  which  grows  in  the  form  of  small  sponge-like 
masses  on  the  stems  of  the  larger  hydroids,  and  is  especially  abundant  on  Pitt- 
miliaria  falcata  and  Sertularia  abietina  from  deep  water. 

For  the  first  published  description  of  it  we  are  indebted  to  Sir  J.  G.  Dalyell, 

*  A  proof  of  this  poverty  of  language  is  visible  in  the  words  used  in  our  translation  for 
tyv%iKQv  and  irvevfiariKov — natural  and  spiritual,  their  proper  meaning  in  conjunction 
with  cupa,  being  a  body  with  a  soul,  and  a  body  with  a  spirit. 
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wbo,  recognizing  its  hydroid  relations,  placed  it  in  the  genus  SerUdaria  under   the 
name  of  8.  arcta. 

It  was  afterwards  described  by  Dr.  Hassall,  wbo  insisted,  with  reason,  on  its 
claims  to  constitute  the  type  of  a  new  genus,  to  which  he  gave  the  name  of 
Coppinia. 

The  Coppinia  arcta  is  now  familiar  to  every  student  of  the  Hydroida,  but  some 
of  the  most  interesting  points  in  its  structure  have  been  entirely  overlooked,  and 
we  do  not  possess  even  a  correct  diagnosis  of  its  genus. 

The  two  principal  portions  which,  even  on  a  superficial  inspection,  are  seen  to 
enter  into  the  composition  of  the  hydroid  have  been  recognized  by  Dalyell  and 
others.  These  consist  (1)  of  a  continuous  basal  incrusting  portion,  and  (2)  of  more 
or  less  curved  cylindrical  tubes,  which  project  from  the  free  surface  of  the  incrust- 
ing portion.  It  has  further  been  shown  that  these  tubes  contain  each  a  hydrant h 
provided,  in  some  cases  at  least,  with  a  verticil  of  tentacles  surrounding  the  ba^e 
of  a  short  hypostome,  and  in  such  cases  capable  of  protrusion  from  the  tube  and 
of  retraction  within  it.  The  tubes  are  thus  true  hydrothecse.  The  hydranths  are 
conspicuous  by  their  fine  lemon-yellow  colour. 

The  incrusting  base,  however,  has  been   entirely  misunderstood,  and  yet  its 
structure  is  full  of  interest.     The  hydrothecal  tubes  can  be  traced  through  it  to 
its  attached  surface,  while  vertical  and  transverse  sections  show  that  the  rest  of 
the  crust  is  composed  of  vertical  chitinous  tubes  rendered  polygonal  by  mutual 
pressure.     They  adhere  to  one  another  by  their  sides,  and  each  opens  on  the  free 
surface  of  the  crust  by  a  small  circular  orifice,  which  had  been  already  pointed  out 
by  Dalyell. 
"  These  tubes  are  true  gonangia.    "Within  each  is  a  solitary  gonosac  which  buds 
apparently  from  a  blastostyle,  which,  however,  has  been  more  or  less  suppressed 
by  the  growing  gonosac.    A  sufficiently  obvious  spadix  may  be  recognized  in  the 
gonosac,  and  between  it  and  the  walls  of  the  female  gonosac  lies  a  single  larjre 
lemon-yellow,  ovum.    In  this  ovum,  during  its  earlier  stages,  may  be  seen  a  di- 
stinct germinal  vesicle,  in  which  the  place  of  the  germinal  spot  is  occupied  by 
numerous  clear  spherical  bodies,  which  disappear  in  a  few  seconds  after  the  ovum 
is  liberated  from  the  gonosac  and  exposed  to  the  influence  of  the  surrounding 
water. 

Segmentation  commences  while  the  ovum  is  still  within  the  gonosac,  and  the 
ovum  becomes  thereby  converted  into  a  granular  plastic  mass,  which  is  now  forced 
out  through  the  orifice  in  the  summit  or  the  gonangium.  It  carries  out  with  it, 
however,  a  hernial  extension  of  the  attenuated  walls  of  the  gonosac,  which  form 
for  it  an  acrocyst,  in  which  it  remains  still  for  some  time  confined.  It  ultimately, 
bv  the  rupture  of  the  acrocyst,  escapes  as  a  planula  into  the  sun-ounding  water. 
The  planula  and  its  development  into  a  hydranth  included  in  a  chitinous  tube 
have  oeen  observed  by  Dalyell. 

Both  hydrotheccD  and  gonangia  spring  from  an  adherent  tubular  and  anasto- 
mosing fiore,  without  the  intervention  of  a  distinct  hydrocaulus. 

A  knowledge  of  the  structure  of  Coppinia  arcta  will  enable  us  to  give  a  more 
correct  generic  diagnosis  than  was  possible  as  long  as  we  were  ignorant  of  the  true 
nature  of  this  curious  hydroid.  The  following  may  be  taken  as  expressing  the 
essential  characters  of  the  genus : — 

Trophosomc. — Hydrocaulus  absent;  hydrotheca)  tubiform,  sessile  upon  an  ad- 
herent retiforni  hydrorhiza,  and  having  their  proximal  extremities  plunged  into 
the  mass  of  the  incrusting  gonosome ;  hydranths  with  a  single  verticil  of  filiform 
tentacles. 

Gonosome. — Gonophores  adelocodonic ;  gonangia  tubiform,  forming  by  the  ap- 
proximation of  their  sides  a  continuous  incrusting  mass  surrounding  the  bases  of 
the  hydrothec»,  which  emerge  from  it  at  intervals. 


On  the  Occurrence  of  Erysimum  oricntalo  under  peculiar  circumstances  at 
Edinburgh.    By  Professor  T.  C.  Archer. 

This  plant  was  found  during  the  present  year  in  a  garden  situated  in  the  Old 
Town  or  Edinburgh.  The  circumstances  attending  its  appearance  were  remarkable. 
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A  few  wheelbarrows  full  of  soil  were  gathered  from  the  garden  generally  in  order 
to  make  a  hot-bed,  and  covered  with  a  glass  frame.  The  heat  was  communi- 
cated by  a  flue,  and  shortly  after  the  bed  was  formed,  and  before  any  seeds  were 
sown  in  it,  plants  of  the  Erysimum  orientate  began  to  spring  up  in  considerable 
numbers,  apparently  developed  by  the  heat  of  the  flue.  None  appeared  elsewhere 
in  the  garden,  although  the  summer  was  unusually  warm.  From  whatever  sources 
the  seed  came,  it  would  seem  that  in  this  locality  more  heat  than  the  summer 
afforded  was  necessary  to  their  germination  in  Scotland,  where  this  is  the  first 
recorded  instance  of  its  appearance.  A  specimen  in  flower  and  seed  was  forwarded 
to  Professor  Balfour  for  exhibition. 


Notice  of  the  Occurrence  of  Hicracium  collinum  (Fries)  in  Selkirkshire,  with 
Remarks  on  some  recent  Additions  to  the  Scottish  Flora,  By  Professor 
Balfotjk,  M.D.,  F.B.S. 

The  author  gave  an  account  of  some  recent  addilions  to  the  Scottish  flora.  He 
stated  that  Hieracium  collinum  (Fries)  had  been  gathered  in  June  last  on  the 
banks  of  the  Ettrick,  between  Selkirk  and  Philiphaugh.  This  plant  belongs  to 
a  section  of  the  genus  Hieracium,  not  previously  represented  in  Britain.  The  plant 
was  evidently  in  a  wild  station.  The  author  gave  a  description  of  the  species,  and 
exhibited  specimens.  He  also  noticed  the  occurrence  of  Mcdicago  denticulata  at 
Dumfries  and  Melrose.  This  plant  had  not  been  recorded  previously  as  a  Scotch 
plant.  Amoii<£  other  new  Scotcli  plants  exhibited  were  Polycarpon  tetraphyllum, 
from  the  neighbourhood  of  Melrose,  and  a  peculiar  form  of  Luzula  from  the  vicinity 
of  Peebles.  He  stated  that  Xanthium  spinowm  was  becoming  naturalized  in 
many  places.  

Remarks  on  the  Properties   of  Atropa   rhomboidea  (Hooker),  in  Connexion 
with  its  Botanical  Character.     By  Professor  Balfour,  M.D.,  F.R.S* 

The  author  exhibited  fresh  specimens  of  a  plant  which  had  been  cultivated  for 
many  years  in  the  Royal  Botanic  Garden,  Edinburgh,  under  the  name  of  Atropa 
rhomhoidea  (Hook.).  It  was  discovered  by  Gillies  at  Buenos  Ayres,  and  is  figured 
in  Hooker's  *  Botanical  Miscellany/  vol.  i.  The  plant  is  herbaceous,  leaves  pube- 
scent, rhomboidally  oval,  blunt ;  peduncles  1-flowered,  cernuous;  aestivation  of  the 
corolla  iuduplicate  ;  anthers  subexserted  ;  embryo  spirally  curved.  The  stamens  are 
higher  up  in  the  tube  of  the  corolla  than  in  Atropa  Belladonna,  and  the  inside  of 
the  tube  of  the  corolla  and  the  middle  of  the  stvle  have  a  belt  of  woolly  hair. 
The  flowers  are  small,  of  a  greenish-vellow  hue.  the  plant  does  not  appear  to  be 
truly  Atropaceous.  It  wants  the  imbricate  aestivation  of  that  order.  Moreover, 
it  was  found  that  the  juice  of  the  plant  had  no  power  of  causing  dilatation  of  the 
pupil,  which  mav  be  said  to  bo  characteristic  of  Atropas.  In  these  circumstances 
the  author  was  disposed  to  think  that  further  examination  of  the  plant  was  neces- 
sary.   

On  the   Geographical  Distribution  of  the  British  Genera  of  the  Sessile-eyed 
Crustacea.     By  C.  Spencb  Bate  and  Professor  Westwoop. 


On  the  Crested  or  Top-Knotted  Turkey.    By  A.  D.  Baktlett. 


Specimens  of  the  true  Allium  carinatum,  L.,  were  laid  on  the  table  by  the  Rev. 
M.  J.  Berkeley,  which  were  gathered  by  the  late  Rev.  W.  S.  Hampson,  amongst 
rushes  and  coarse  grass,  in  a  lane  in  the  neighbourhood  of  Stubton,  in  the  county 
of  Lincoln,  where  it  was  found  in  great  abundance.  The  plant,  which  is  figured 
under  that  name  in  '  English  Botany/  is  a  mere  variety  of  Allium  oleraceum. 


Specimens  of  Fungi,  prepared  by  Mr.  English,  of  Epping,  were  exhibited 
by  the  Rev.  M.  J.  Bebkeley,  which  were  greatly  admired  from  the  perfect  manner 
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in  which  the  habit  and  the  minutest  details  of  the  gills  were  preserved.  The  pre- 
cise method  by  which  they  are  prepared  has  not  at  present  been  made  known. 
The  two  groups,  consisting  of  numerous  species,  were  deposited  in  the  Museum 
at  Norwich.  

On  Arboriculture  as  a  Science.     By  William  Bbowh. 

After  referring  to  what  he  advanced  on  the  same  subject  at  Dundee  last  year, 
the  author  said  that  the  practical  observer  and  man  of  science  agree  in  the  belief 
that  man,  to  a  great  extent,  can  control  and  regulate  certain  climatic  agencies. 
He  quoted  Sir  John  Herschel  in  attestation  of  this,  showing  that  it  is  in  man's 
selection  of  the  kind  of  vegetation  that  such  influences  are  perceptible.  The  gist  of 
Mr.  Brown's  argument  last  year  was  that?  by  a  proper  distribution  of  variously - 
sized  plantations,  man  may  come  to  suit,  m  degree,  the  climate  to  the  plant,  and 
not  so  much  the  plant  to  the  climate,  as  he  must  do  in  present  circumstances. 
Reference  was  also  made  to  Mr.  Symons's  paper  in  1865,  on  the  Rainfall  of  the 
British  Isles ;  and  it  was  shown  that,  narrow  as  Britain  is,  its  climate  is  materially 
influenced  by  local  causes — these  causes  having  respect  to  the  area  of  surface  occu- 
pied by  trees.  It  is  sometimes  said;  "Give  me  a  good  soil,  and  I  will  produce 
abundant  crops ;"  but  this  sole  condition  as  to  quality  of  soil  is  not  enough :  for  a 
favourable  climate  is  even  more  important  than  a  rich  soil.  It  is  a  fact  that,  as 
regards  the  primitive  soil,  there  is  no  difference  betwixt  the  slopes  of  the  Himalaya 
(where  the  Deodar  and  broad-leaved  oak  luxuriate)  and  a  great  part  of  Scotland, 
the  soil  in  each  case  being  principally  from  granite  and  mica-schist  The  succes- 
sion of  pine  to  oak,  or  beacn  to  pme,  in  indigenous  forests,  has  no  doubt  depended 
more  on  changes  of  temperature  than  any  other  physical  cause.  The  author  then 
showed  that  the  geographical  distribution  of  rain  cannot  meet  the  requirements  of 
all  parts  of  a  country,  and  thus  the  need  of  those  modifying  circumstances  which 
man  can  command  being  brought  into  play ;  for  while  it  is  beyond  his  power  to  in- 
terfere with  the  periodicity  of  events,  to  modify  them  certainly  is  not.  filr.  Symons 
acknowledges  that  "rainfall  records  evince  a  regularity  not  before  expected.  The 
observations  of  half  a  century  make  it  clear  that  the  rainfall  of  these  isles  is,  for 
all  practical  or  general  purposes,  a  regular  one.  The  present  extent  under  wood  in 
Great  Britain  would  make  a  belt  two  miles  broad  all  round  the  coast,  which 
seems  large,  and  might  suffice  both  for  health,  shelter,  and  climatic  uses,  but  it  is 
not  distributed  to  suit  the  different  requirements  of  districts.  Until  this  is  done  it 
is  perfectly  plain  we  will  never  secure  adaptable  climates,  or  make  meteorology 
practically  useful.  But  with  the  knowledge  of  these  two  facts  (the  general  regu- 
larity of  rainfall,  and  that  local  irregularities  are  governed  mainly  by  local  influence*), 
are  we  still  to  carry  on  the  same  plan  of  observing,  recording,  and  deducing  ?  Is 
it  not  time  to  amend  our  course  or  procedure  in  relation  to  atmospheric  science  F 
The  author  proposed  that  a  set  of  direct  experiments  should  be  established  to  test 
the  deductions  drawn  from  the  general  ones,  which,  if  properly  conducted,  would 
doubtless  lead  to  important  results,  and  would  at  once  lay  the  foundation  for  a 
new  era  in  the  history  of  our  rural  economy.  The  question  which  he  set  before 
meteorologists  was — at  certain  geographical  positions,  exposures,  altitudes,  and  on 
certain  geological  formations,  with  ana  without  artificial  drainage,  to  what  extent, 
and  in  what  way,  do  trees  and  other  vegetation  exert  their  influences  P  The 
author  concluded  his  paper  by  claiming  for  arboriculture  a  more  prominent  place 
under  botany  in  connexion  with  the  Association. 


On  the  Progress  of  Oyster  and  Salmon  Cultivation  in  England, 
By  Frank  Buckland. 

The  author  stated  that,  in  his  official  capacity  as  Inspector  of  Salmon  Fisheries, 
he  had  lately  visited  most  of  the  rivers  of  England  and  Wales.  The  supply  of 
salmon  had  been  much  increased  owing  to  the  protection  of  the  Acts  of  Parlia- 
ment. Still  there  remained  much  to  be  done.  He  complained  bitterly  of  the  im- 
pediments caused  by  weirs,  which  prevented  the  parent  salmon  ascending  to  the 
spawning-grounds.    The  author  instanced  Diglis  weir,  which  was  the  "  hall  door'1 


Digitized  by 


Google 


TRANSACTIONS  OF  THE  SECTIONS.  91 

of  the  great  Severn ;  Cheater  weir,  that  blocked  the  Dee ;  Tadcaster  weir,  on  the 
Wharfe,  &c.  Besides  these  large  weirs,  there  were  mill-weirs  innumerable  on 
most  salmon  rivers  which  would  otherwise  be  highly  productive.  The  study  of 
salmon-ladders  was  of  the  greatest  importance.  He  exhibited  several  models  of 
ladders  which  might  be  applied  to  weirs  at  a  reasonable  cost,  and  without  inter- 
fering with  the  water  supply.  The  question  of  pollutions  was  a  very  serious  one, 
not  only  for  the  fish,  but  also  for  the  public  health.  He  instanced  the  Dovey,  the 
Tees,  the  South  Tyne,  &c,  which  were  suffering  under  "hush7'  from  the  lead 
mines ;  the  Fowey?  the  Camel,  &c,  which  suffered  from  the  debris  of  China-clay 
works  and  other  mines  j  and  he  deprecated  the  habit  of  allowing  chloride  of  Ume 
to  run  into  the  rivers.  Paper-makers  were  great  culprits  in  this  matter.  The  law 
of  pollutions  should  be  made  much  stronger.  He  earnestly  requested  the  attention 
of  the  Section  to  the  question  of  "close  time"  for  salmon,  as  the  evidence  went 
to  show  that  the  Welsh,  Cornish,  and  Devonshire  rivers  were  "later  rivers"  than 
the  Severn,  Dee,  Tay,  Wye,  &c.  Mr.  Buckland  then  expounded  his  theory  as  to 
the  cause  of  the  failure  of  oysters  for  the  last  six  years.  The  cause  of  the  success 
this  year,  he  considered,  was  warm  weather  ana  tranquil  water.  He  had  pub- 
lished, in  ' Land  and  Water,1  temperatures  taken  daily,  during  the  months  of  June, 
July,  and  August,  at  five  different  oyster  fisheries.  The  results,  he  thought,  con- 
firmed his  theory.  He  had  obtained  a  heavy  fall  of  spat  at  his  experimental 
fishery  at  Beculvers,  near  Heme  Bay.  There  had  also  been  a  fall  of  spat  in  the 
rivers  Crouce,  Roach,  and  on  the  grounds  of  the  Heme  Bay  Oyster  Company,  but 
he  believed  that  the  Colne  and  the  filackwater  had  not  been  so  favoured.  Tne  author 
called  the  attention  of  the  public  to  his  "  Museum  of  Economic  Fish  Culture," 
at  the  Horticultural  Gardens,  Kensington.  The  author  had  hatched  and  sent 
away  to  different  rivers  nearly  40,000  salmon  and  trout  last  year  j  and  in  bis  col- 
lection would  be  found  models,  coloured  casts  of  most  of  the  economic  fish,  fishing- 
nets,  and  other  implements  connected  with  the  improvement  of  British  fisheries, 
as  well  as  a  series  showing  the  growth,  development,  and  natural  history  of 
oysters.  Samples  of  oysters  from  nearly  all  the  British  oyster  fisheries  were  also 
exhibited. 

On  the  Distribution  of  the  principal  Timber  Trees  of  India,  and  the  progress 
of  Forest  Conservancy.     By  Dr.  Hugh  Clegiiorn. 

When  the  British  Association  met  at  Edinburgh  in  1850,  a  committee*  was 
appointed  to  consider  "  the  probable  effects,  in  an  economical  and  physical  point 
of  view,  of  the  destruction  of  tropical  forests."  Their  report  was  presented  in 
1851  at  Ipswich,  and  is  printed  in  the  volume  for  that  year.  Attention  was  thus 
directed  in  India  to  the  importance  of  preserving  every  influence  which  tends  to 
maintain  an  equilibrium  of  temperature  and  humidity,  of  preventing  the  waste  of 
valuable  material,  and  the  special  application  to  their  various  uses  of  the  indi- 
genous timbers  of  the  country. 

A  few  years  later,  forest  establishments  were  sanctioned  in  British  Burmah 
(1855),  and  in  the  Madras  Presidency  (1856);  and  in  18(54  Government  laid  the 
foundation  of  an  improved  general  system  of  forest  administration  for  the  whole 
Indian  Empire,  having  for  its  object  the  conservation  of  state  forests,  and  the  deve- 
lopment of  this  source  of  national  wealth.  The  appointment  of  Inspector-General 
of  Forests  was  made,  and  it  is  now  held  by  Dr.  D.  Brandis,  formerly  the  able  con- 
servator in  British  Burmah. 

The  executive  arrangements  were  left  to  the  local  administrations,  general  princi- 
ples being  laid  down,  the  most  important  of  which  is  that  all  superior  Govern- 
ment forests  are  reserved  and  made  inalienable,  and  their  boundaries  marked  out 
to  distinguish  them  from  waste  lands  available  for  the  public.  Act  7  of  1864.  de- 
fining the  nature  of  forest  rules  and  penalties,  has  been  adopted  by  most  of  the  local 
Governments. 

Valuation  surveys  have  been  made  to  obtain  reliable  data  as  to  the  geographic 

*  The  late  Dr.  Forbes  Boyle,  King's  College,  London;  the  late  Colonel  B.  Baird 
Smith,  RE. ;  Colonel  Bichard  Strachey,  B.E. ;  Dr.  H.  Cleghorn,  F.L.S. 
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distribution  of  the  more  valuable  trees,  the  rate  of  growth,  and  the  normal  yield  of 
the  forests. 

Bengal. — In  British  Sikkim  and  the  Dooars  of  Bootan  there  are  large  tracts  of 
Sal  (  Vatica  robusta),  not  yet  surveyed.  The  produce  of  these  forests  is  required 
for  any  extension  of  the  Eastern  Bengal  Railway  which  may  be  determined  upon, 
and  for  the  doubling  of  the  East  India  line  now  in  progress.  In  the  Darjiling  dis- 
trict the  higher  slopes  above  6000  feet  have  been  reserved,  and  plantations  both 
of  temperate  and  subtropical  trees  have  been  formed.  In  the  Terai  several  thou- 
sand mahogany  trees  have  been  planted  out — raised  partly  from  seed  naturalized 
at  the  Calcutta  Botanic  Garden,  and  partly  from  seed  received  from  the  West 
Indies  through  the  Colonial  Office  and  Dr.  Hooker,  Director  of  the  Royal  Gardens, 
K.ew.  In  Bengal  the  department  had  for  two  years  the  great  advantage  of  being 
supervised  by  I)r.  Thomas  Anderson,  whose  botanical  knowledge  was  of  special 
value  in  the  exploration  of  the  little-known  forests  in  Sikkim  and  Bootan. 

North-  West  Provinces. — The  recent  surveys  have  added  much  to  our  knowledge 
of  the  forest  resources  of  the  north-west  provinces.  In  Kumaon  and  Gurhwal  the 
area  surveyed  is  about  400,000  acres ;  a  large  part  of  this  is  covered  with  Pinus 
longifolia,  tearing  an  average  of  fifteen  trees  per  acre.  The  Himalayan  Box  is  plenti- 
ful m  certain  localities,  and  has  come  into  use  in  the  schools  of  art  for  wood 
engraving.  The  Goruckpore  forests  cover  120,000  acres,  and  consist  mainly  of 
Sal  (  Vatxca  robusta),  with  an  average  of  twenty-five  well-grown  trees  to  the  acre. 

The  northern  limit  of  indigenous  Teak  is  in  Bundlekhund :  it  has  been  planted 
in  the  Punjab,  but  in  that  dry  climate  it  is  poor  and  stunted.  The  management 
of  the  forests  of  the  north-west  provinces  is  second  in  importance  only  to  that  of 
Bnrmah. 

OudJi. — From  the  survey  in  Oudh  it  appears  that  more  than  half  of  the  Govern- 
ment forest  consists  of  Sal ;  the  other  reserved  woods  of  greatest  value  are  Sissoo 
(Dalbergia  Sissoo),  Toon  (Ccdrcla  Toona),  and  Ebony  (Diospyros  Ebemim).  Con- 
siderable sums  have  been  expended  in  clearing  the  Sal  trees  of  destructive  twining' 
plants,  particularly  Bauhinia  Vahlii,  Argyreia  speciosa,  and  other  Convolvulace<?. 

Punjab. — In  the  Punjab,  the  forests  growing  on  the  banks  of  the  Five  Rivers 
have  been  formed  into  so  many  ranges  under  skilled  officers,  and  timber  operations 
have  been  conducted  with  more  or  less  success  in  the  intra-montane  districts. 
Long  leases  of  the  Deodar  forests,  in  the  territories  of  the  Rajahs  of  Chaniba  and 
Bussahir,  have  been  negotiated.  Wood  is  the  only  fuel  at  present  available  in 
quantity  for  locomotive  purposes.  The  requirement  of  the  railway  alone  is  esti- 
mated at  60,000  tons  annually,  and  the  yield  of  the  old  skikargahs,  or  fuel 
reserves,  being  inadequate,  skilled  management  has  been  brought  to  aid  the  in- 
creased production  of  fuel. 

Selected  tracts  have  been  trenched  and  ploughed  before  planting,  and  cattle  and 
camels  are  strictly  excluded.  The  services  of  two  trained  foresters  have  been  se- 
cured. The  suitability  of  some  Australian  trees  to  the  arid  plains  of  the  Punjab  is 
remarkable,  and  several  species  of  Acacia ,  Casuarina,  and  Eucalyptus  have  been 
tried  with  apparent  success.  The  northern  limit  of  the  Sal  is  on  the  bank  of  the 
Beas  River,  in  the  Kangra  Valley,  but  here  it  is  small  and  stunted. 

Dr.  J.  L.  Stewart  is  the  conservator  of  the  Punjab  forests ;  he  has  contributed 
some  valuable  papers  to  the  Journal  of  the  Agricultural  and  Horticultural  Society 
of  India,  as  "  Tour  in  Hazara  and  Khagan,"  "  Flora  of  the  Peshawur  Valley,"  and 
"  Bijnour  and  its  Trees." 

Central  Provinces. — In  the  central  provinces,  the  revenue  settlement  was  pro- 
ceeding when  the  Forest  Department  was  sanctioned,  and  the  demarcation  oi  re- 
served tracts  took  place  simultaneously,  which  was  a  great  advantage.  Six  ranges 
have  been  established,  and  Teak  plantations  have  been  commenced  on  the  Taptee 
and  Nerbudda  Rivers,  and  are  to  be  steadily  pursued  on  the  plan  of  the  Conolly 
plantations  in  Malabar.  Two  trained  foresters  from  Scotland  have  been  employed 
for  some  time.  The  attention  of  the  department  in  this  province  is  directed 
equally  to  Teak  and  Sal  timber.  The  other  reserved  woods  are  Sissoo  (Dalbergia 
Sissoo) 7  Saj  (Tcrminalia  tomentosa),  and  Bijasal  (Pterccarpus  inarsupium). 

Hydrabad. — The  forest  operations  have  been  more  recently  undertaken  in  the 
Ilydrabad  assigned  districts.    The  character  of  the  vegetation  resembles  that  of 
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s  Central  Provinces,  and  the  same  species  of  trees  are  reserved.  The  only  Teak 
ct  is  at  Mailghat,  north  of  Ellichpore,  and  it  is  carefully  preserved. 
Mysore. — The  territories  of  the  Kajah  of  Mysore  have  always  been  famous  for 
ndalwood  and  Teak;  the  former  occupies  a  remarkable  belt  about  30  or  40  miles 
Land  from  the  crest  of  the  Ghats,  though  tine  self-sown  patches  are  diffused 
er  the  -whole  tableland  In  the  adjoining  district  of  Salem,  a  considerable 
lantity  of  Sandalwood  has  lately  been  discovered  in  the  Collamully  and  Putcha- 
ully  Hills,  and  two  small  patches  occur  in  South  Canara,  but  these  are  at  a 
wer  elevation,  and  the  timber  is  inferior  in  quality.  The  western  part  of  Mvsore 
clothed  with  fine  forest,  but  much  has  of  late  given  place  to  coffee  culture. 
ectona  grandis,  Dalbergia  latifolia,  and  CalophyUum  elatum  (Beddome)  furnish 
le  most  valuable  timbers. 

JBurmah. — The  progress  of  forest  administration  in  British  Burmah  has  been 
,eady,  with  a  largje  increase  in  the  forest  revenue.  In  1864-65  nine  Teak  forests 
'ere  demarcated  in  the  Tharawaddee  division;  the  aggregate  area  of  these  is 
bout  50  square  miles.  The  necessity  and  importance  of  forming  plantations  is  bo- 
oming every  year  more  apparent.  A  recommendation  to  plant  on  a  large  scale 
ras  made  forty  years  ago  oy  Dr.  Wallich,  and  afterwards  by  Dr.  Heifer.  It  was 
•gain  strongly  urged  by  Sir  A.  Phayre  and  Dr.  Brandis,  in  their  joint  report  of 
fune  1864,  and  planting  is  now  systematically  carried  out.  There  are  eight  Teak 
)lantations,  which  are  being  added  to  by  annual  increments,  and  planted  in  dif- 
'erent  ways  to  test  the  expense  which  must  be  incurred  in  raising  Teak  on  a  large 
jcale.  The  facts  recorded  in  the  last  report  as  to  the  germination  of  seed  from 
different  localities,  and  the  measurement  of  growth  of  young  trees,  are  interesting 
for  comparison  with  the  results  obtained  in  Malabar  and  in  Java.  Further  experi- 
ence in  management  is  annually  gained,  and  it  will  be  ascertained  how  far  the 
same  system  is  applicable  to  different  provinces. 

In  Arracan,  the  most  valuable  timber  is  the  Inqa  xylocarpa,  termed  Ironwood, 
from  its  exceeding  hardness.  The  wood  has  been  found  useful  for  railway  sleepers, 
and  is  exported  to  Bengal. 

Madras. — The  forests  of  Madras  have  for  twelve  years  been  under  the  care  of  a 
special  department.     The  most  valuable  timber  is  Teak,  which  is  to  the  south  of 
India  what  Deodar  is  to  the  north,  and  Sal  to  the  central  provinces.     Energetic 
efforts  are  being  made  to  restore  the  woods  in  this  Presidency,  and  very  extensive 
plantations  are  formed,  particularly  in  Malabar  and  South  Canara  (Teak),  Neil- 
gherries    {Eucalyptus  and   Australian   Acacia),   Cudapah    (Red    Sanderswood), 
Shevaroys  (Toon  and  Teak),  and  Sigur  (Sandalwood).    By  far  the  most  impor- 
tant of  these  are  the  Conolly  Teak  plantations  in  Malabar,  which  are  rapidly  in- 
creasing in  value  by  the  growth  of  the  old  plantation,  and  the  annual  increment 
of  fresh  planting.   In  1866-67,  120,000  seedlings  were  planted  out.    The  consump- 
tion of  wood  for  railway  fuel  is  enormous ;  a  special  train  laden  with  wood  for 
locomotives  leaves  Coimbatore,  and  another  leaves  Cudapah  every  day,  in  addition 
to  the  regular  trains  taking  in  wood  at  fuel  stations.    Tne  natural  jungles,  which 
have  hitherto  supplied  this  large  quantity,  are  in  some  districts  so  nearly  ex- 
hausted that  the  mere  protection  of  those  which  now  exist  will  not  yield  a  per- 
manent supply.     The  natural  reproduction  of  the  indigenous  jungles  (where  cattle 
are  excluded)  is  expected  to  furnish  a  large  supply  of  fuel,  but  it  is  further  intended 
to  form  plantations  for  locomotive  requirements.    These,  in  accordance  with  the 
instructions  of  the  Secretary  of  State,  are  to  be  under  the  management  of  the 
Forest  Department,  and  their  cost  to  be  a  charge  in  that  department.    These  ope- 
rations involve  present  and  prospective  outlay,  with  no  returns  till  after  the  lapse  of 
seven  or  eight  years.    This  important  branch  of  forest  work  must  increase  with 
the  extension  of  railways,  and  it  is  hoped  that  the  example  set  by  Government 
may  have  the  effect  of  stimulating  private  individuals  to  form  similar  plantations. 
The  financial  condition  of  the  forest  department  in  Madras  is  so  far  satisfactory. 
The  total  net  surplus  in  eleven  years,  including  the  value  of  timber  in  store  on  30th 
March  1867,  is  £180,000,   or  from  £15,000  to  £20,000  a-year.    Within  the  last 
few  years  much  has  been  done  in  the  way  of  improving  forest  communications  in 
remote  and  difficult  places.    Major  Beddome,  at  present  in  charge  of  the  forests, 
has  done  much  for  science,  and  is  well  known  by  his  work  on  Indian  Ferns. 
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Bombay. — In  the  Presidency  of  Bombay  the  forest  department  is  of  old  stand- 
ing. Mr.  N.  A.  Dalzell  succeeded  Dr.  Gibson^  the  first  conservator,  and  is  an  ac- 
complished botanist.  For  some  years  the  receipts  have  exceeded  the  expenditure 
by  several  lakhs,  say,  £30,000  annually.  The  demarcation  of  reserves  in  the  Deccan 
has  been  in  progress,  and  is  a  most  important  measure.  The  administration  of  the 
forests  in  Sind  has  received  the  commendation  of  Government  The  demand  for 
firewood  for  large  towns,  steamboats,  and  railways  has  augmented  very  con- 
siderably, showing  the  absolute  necessity  of  husbanding  the  resources,  so  as  to 
keep  up  a  regular  and  abundant  supply  of  fuel.  Acacia  arabica  is  the  tree  which 
thrives  best  in  Sind,  and  the  timber  is  much  prized  for  many  purposes. 

The  importance  of  continuing  the  forest  surveys  and  of  demarcating  the  reserved 
tracts  was  urged,  and  the  want  of  a  Flora  sylvatica  of  India  insisted  upon. 


On  tome  of  the  Principal  Modifications  of  the  Receptacle,  and  their  Relation 
to  the  "  Insertion "  of  the  Leaf-organs  of  the  Flower.  By  Albxaudsb 
Dicksok,  M.D.y  Regius  Professor  of  Botany  in  the  University  of  Glas- 
gow. 

The  author  called  attention  to  some  of  the  principal  modifications  of  the  recep- 
tacle affecting  the  "  insertion"  of  the  leaf-organs  of  the  flower,  which  may  oe 
classed  as  follows : — 

A.  Modifications  with  superior  ovary. 

(a)  Floral  envelopes  and  stamens  nypogynous :  ex.  Nuphar,  &c 

(6)  Floral  envelopes  perigynous  (t.  e.  inserted  on  a  more  or  less  cup-shaped 

expansion  of  the  receptacle)  ;  stamens  hypogynous :  ex.  Past\ficrOy  &c. 
(c)  Floral  envelopes  and  stamens  perigynous :  ex.  Primus,  &c 

B.  Modifications  with  inferior  ovary. 

(a)  Receptacle  not  expanded  or  prolonged  beyond  the  flower;  floral  enve- 
lopes and  stamens  simply  epigynous :  ex.  Heaera,  &c. 

(b)  Receptacle  expanded  'beyond  ovary  as  a  cup  or  tube,  bearing  the  floral 
envelopes  and  stamens,  which  may  here  be  said  to  be  peri-epigynous :  ex. 
Fuchsia,  Victoria,  &c. 

(c)  Receptacle  prolonged  beyond  the  ovary  as  a  stalk-like  process  t,  expanded 
at  its  extremity  into  a  small  cup  which  bears  the  floral  envelopes  and  sta- 
mens, which  here  may  be  called  hyper-peri-epigynous :  ex.  Circaa. 

(d)  Floral  envelopes  simply  epigynous.  Within  these  the  receptacle  is  pro- 
longed as  a  stalk,  bearing-  the  stamens  and  the  true  style  (here  almost 
reduced  to  stigmatic  portion)  at  its  extremity.  The  stamens  may  be  hew 
called  hyper-epigynous :  ex.  StyUdium. 

(e)  Floral  envelopes  hypogynous ;  stamens  epigynous :  ex.  Nymph&a. 

(f)  Calyx  hypogynous;  corolla  and  stamens  epigynous:  ex.  Codomcpms 
cordata. 

(g)  Calyx  hypogynous ;  corolla  and  stamens  peri-epigynous :  ex.  Bardaya. 

C.  Aberrant  forms  where  the  receptacle  exhibits  pit-like  cavities  or  spur-like 
dilatations.    Ovary  superior  or  inferior. 

*  Pits  or  spurs  occurring  between  the  insertion  of  the  petals  and  that  of  the 
stamens. 

(a)  One  receptacular  pit  (posterior) ;  posterior  sepal  and  two  posterior 
petals  perigynous  ;  ovary  superior :  ex.  1'elargomum. 

(b)  One  receptacular  spur  (posterior) ;  posterior  sepal,  one-half  of  each 
lateral  sepal  and  two  posterior  petals  (or  sometimes  the  entire  floral 
envelopes)  perigynous :  ex.  Tropaolum. 

(c)  One  pit  m  receptacular  prolongation  beyond  the  ovary;  stamens 
hyper-epigynous,  somewhat  resembling  those  in  StyUdium:  ex  Semti- 
anara. 

*♦  Pits  occurring  between  the  insertion  of  the  stamens  and  that  of  the 
carpels. 

t  Such  a  stalk  is,  of  course,  not  solid  in  a  morphological  sense ;  but  is,  potentially  at 
least,  a  tube  whose  cavity  is  continuous  with  that  of  the  style. — A.  D. 
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(d)  Several  symmetrically  disposed  pitB  in  the  wall  of  the  inferior  ovary  i 
ex.  Monochcetum,  &c. 

(e)  One  receptacular  pit;  ovary  superior:  exs.  Brownea,  Tatnarmdus, 
Jonesia,  &c. 

[_{f)  One  pit  in  prolongation  of  receptacle  beyond  the  inferior  ovary: 
ex.  Qttisqualis.  This  was  omitted  when  communication  was  read.— 
A.  D.]  

Eccperimental  Studies  on  Annular  Incisions  on  Mulberry  Trees. 
By  Professor  E.  Fatvre. 

The  following  propositions  are  the  result  of  the  experiments  which  the  author 
as  made  for  several  years : — 

1.  Annular  incisions  on  mulberry  trees  produce  general  or  local  eflects.  The 
eneral  effects  consist  at  first  in  a  greater  activity  given  to  the  growth  above  the 
arts  in  which  the  incision  has  been  made,  then  in  a  gradual  diminution  of  the 
Towth,  the  consequence  of  which  is  the  destruction  of  the  branches  upon  which 
he  operation  takes  place.     The  local  effects  consist — 

A.  In  the  alteration  of  the  ligneous  layers  which  have  been  deprived  of  the  pro- 
ective  influence  of  the  bark. 

B.  In  the  ordinary  production  of  a  reparative  "•bourrelet"  on  the  upper  lip  of 
he  incision. 

C.  In  the  growth  of  the  branch  above  the  incision. 

D.  In  the  production  of  shoots  more  or  less  vigorous  under  the  inferior  lip  of 
the  incision ;  occasionally  in  the  production  round  this  inferior  lip  of  a  small 
"bourrelet" 

2.  The  time  in  which  the  incision  is  made  has  a  great  influence  on  the  effects 
produced.  The  reparative  tissue  and  the  growth  above  the  incision  are  essentially 
connected  with  the  state  of  vegetation.  If  the  vegetation  is  suspended  by  winter, 
no  " bourrelet "  is  visible,  and  growth  is  at  a  standstill;  on  the  contrary,  if  the 
vegetation  is  active  as  in  summer,  and  especially  in  spring,  the  formation  of  the 
reparative  tissue  is  easy  and  rapid.  The  formation  of  the  "  bourrelets,"  in  all 
times  of  healthy  vegetation,  testifies  to  a  continuous  activity  in  the  circulation  of 
the  sap. 

3.  The  incision  differs  in  its  effects  according  as  it  is  made  upon  the  stem  or 
root,  or  the  young  herbaceous  shoots  or  branches  of  several  years'  growth. 

The  incision  made  on  the  stem  causes  the  destruction  of  the  parts  situated 
above  the  incision,  whilst  the  incision  made  on  the  root  destroys  the  parts  above 
the  incision. 

The  i(  bourrelets' '  then  are  situated  on  the  destroyed  parts,  in  the  case  of  stems 
or  branches,  but,  on  the  living  parts,  in  the  case  of  roots. 

The  incision  made  on  the  root  causes  a  growth  of  numerous  small  roots ;  this 
development  (of  small  roots)  has  become  practically  useful. 

If  the  branches  subjected  to  incision  are  young  and  herbaceous,  the"  formation 
of  the  "bourrelet"  is  quicker,  and  the  destruction  of  the  superior  parts  is  less 
likely  than  if  the  operation  were  performed  on  ligneous  branches. 
These  results  may  be  practically  applied  to  the  propagation  of  cuttings. 
4.  The  presence  or  absence  of  leaves  has  great  influence  upon  the  formation  of  a 
"bourrelet"  and  the  production  of  small  roots,  and  on  the  healing  of  the  wound 
made  by  the  incision.  The  absence  of  leaves  produces  the  absence  of  a  reparative 
"bourrelet." 

Hence  the  leaves  manifestly  influence  the  elaboration  and  the  descent  of  sap,  to 
which  the  formation  of  a  "  bourrelet "  is  due.  The  influence  of  the  leaves  on  the 
nutrition  of  the  roots  is  an  important  and  practical  consequence  on  the  aforesaid 
facts. 

5.  The  age  of  the  branch  operated  on,  and  the  depth  of  the  incision,  modify 
remarkably  the  results  of  the  operation.  If  one  operates  on  a  small  ligneous  branch 
of  two  or  more  years'  growth,  on  the  removal  of  the  surrounding  ligneous  layers,  if 
the  annulation  is  made  in  the  summer,  the  leaves  fade  in  one  or  two  days,  the 
branch  dies,  and  no  "  bourrelet"  can  be  formed.    If  one  operates  in  the  same  man- 
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ner  on  an  herbaceous  shoot,  the  operation  is  not  fatal,  the  leaves  continue  health  v, 
the  part  of  the  branch  above  the  incision  survives  a  long  time,  and  a  '*  bouxrelet" 
may  be  produced. 

Tho  author  has,  by  experiment,  established  that  these  different  results  are  due 
to  the  ascent  of  sap  through  all  the  ligneous  layers  in  the  herbaceous  shoots,  and 
only  through  the  exterior  layers  in  shoots  of  two  years  or  more. 

6.  Tho  positions  given  to  the  incision  have  a  real  influence  on  the  consequent 
physiological  phenomena ;  thus  the  partial  incisions  made,  one  above  the  origin  of 
a  branch,  another  under  the  origin  of  a  branch  (t.  c.  if  subject  to  the  same  condi- 
tions), cause  in  one  branch  the  formation  of  a  voluminous  "bourrelet"  on  the 
superior  lip  of  an  ann illation  mode  above  the  first  incision ;  in  the  other  branch,  if 
the  incision  is  made  under  the  origin  of  the  branch,  the  "  bourrelet"  is  scarcely 
visible.  - 

Experiments  already  made  on  this  subject  indicate  an  evident  relation  between 
the  ascent  and  descent  of  sap  with  respect  to  the  quantity  and  the  movements. 

7.  The  nature  of  the  matter  with  which  the  wound  made  by  the  incision  is  covered 
has  an  influence  upon  its  healing.  In  applying  the  mastic  employed  in  grafting, 
either  to  the  branches  in  a  normal  state  or  to  the  cuttings,  we  have  discovered 
that  it  quickens  the  vegetative  power  in  the  branches,  and  prolongs  it,  but  does 
not  ensure  their  preservation.  India-rubber  acts  more  efficaciously  j  it  accelerates 
considerably  the  formation  of  the  reparative  tissue,  and  its  use  might  be  recom- 
mended in  horticulture. 

8.  The  starting-point  of  the  effects  of  annular  incision  is  the  alteration  of  the 
ligneous  layers  exposed  to  the  air  and  to  evaporation,  in  consequence  of  the  re- 
moval of  the  bark.  The  ascent  of  the  sap  can  no  longer  take  place  through  the 
wounded  tissues,  hence  the  leaves  fade,  the  course  of  the  descending  sap  is  im- 
peded, and  finally  suspended ;  consequently  the  formation  of  the  reparative  tissue 
becomes  impossible,  buch  is  the  mechanism  which  seems  to  the  author  to  explain 
more  rationally  the  facts,  at  any  rate,  concerning  stems  and  small  branches. 


On  a  new  British  Moss,  Hypnum  Bambergeri.    By  John  Frasbr,  M.A.,  M.D. 

One  day  towards  tbe  end  of  July  1807,  while  botanizing  on  Ben  Lawers,  the 
author  found  a  moss  which  appeared  to  be  new.  It  was  afterwards  submitted  to 
Mr.  Wilson  of  Warrington,  Mr.  G.  E.  Hunt  of  Manchester,  Dr.  Braithwaite,  and 
others,  all  of  whom  were  satisfied  that  it  had  not  previously  been  observed  in  this 
country.  It  was  the  Hypnum  Bambergeri  of  Schimper,  which  was  discovered  by 
Bamberger  on  the  Stocknorn,  Switzerland,  afterwards  on  the  Bavarian  Alps,  anil 
in  Norway.  It  was  found  by  the  author,  not  on  low  swampy  ground,  as  might 
have  been  expected,  but  high  up  among  the  broken  rocks,  near  tne  summit  of  the 
mountain.  Its  range  appears  to  be  from  3500  to  7000  feet,  and  its  position  in  the 
genus  Hyvnum  between  J£.  imponens  and  H.  calUehroum. 

The  following  is  a  pretty  correct  description  of  it : — It  occurs  in  rather  small 
dense  tufts,  yellowish-green  above,  pa3sing  to  yellow  fuscous  at  the  base ;  stem 
without  raaicles,  subpinnate,  with  a  few  fastigiate  branches;  leaves  densely 
crowded,  secund,  strongly  circinnate,  ovato-lanceolate,  elongated,  entire,  with  a 
long  ovate  point ;  nerves  two,  faint,  one  usually  longer  than  the  other ;  alar  cells 
few,  rather  obscure,  yellow,  upper  ones  linear,  elongate,  pale  j  fruit  unknown,  but 
female  flowers  not  unfrequent. 


Notice  of  a  Male  Octopodom  Cuttlefish  and  some  other  Cephalopoda. 
By  Robert  Garner,  F.L.8. 

Amongst  a  parcel  of  Cephalopoda  from  Sardinia  occurred  a  specimen  of  a  male 
animal  which  the  author  thought  possessed  some  interest.  Were  one  not  aware 
that  the  male  Argonaut  is  a  very  diminutive  animal,  and  also  the  curious  process 
by  which  the  eggs  of  the  female  are  fertilized,  one  might  have  set  down  the 
specimen  in  question  as  the  male  of  that  inollusk.  This  cannot  well  be  done,  and 
therefore  the  author  supposed  it  to  be  a  species  of  Tremoctoptu,  and,  indeed,  it  had 
aquiferous  pores,  at  the  base  of  the  lowest  arms  or  feet,  leading  into  cavities  above 
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the  eyes.    Of  one  species  of  Tremoctopus  the  male  is  known,  diminutive  like  that 
of  the  Argonaut.    The  colour,  spots,  and  texture  in  the  specimen  in  question  were 
the  same  as  in  the  female  Argonaut ;  whilst  the  aliform  appendages  to  the  feet, 
and  the  shape  of  the  body  moulded  somewhat  to  the  shell,  were  characters  want- 
ing in  the  specimen,  but  present  in  the  Argonaut.    It  was  no  Octopus ;  it  had, 
like  the  Argonaut,  a  very  perfect  mechanical  arrangement  at  the  base  of  the  siphon 
for  the  inlet  and  exit  or  the  water  in  respiration  and  progression ;   sockets  to 
receive  prominences  within  the  margin  of  the  mantle  or  sac,  and  the  sockets  them- 
selves with  cartilaginous  hooks  at  the  lower  part  to  lock  the  mantle  to  them.  The 
lingual  ribbon  was  that  of  the  Argonaut,  not  of  the  Octopus.    The  eyes  and  their 
lids  or  membranous  coverings  (which  differ  much  in  the  whole  tribe)  were  like  those 
of  the  Argonaut,  consisting  of  two  crescentic  portions  of  skin  overlapping.    There 
were  not  the  little  side  cartilages  to  be  found  in  Octopus  or  its  ally  Medonei  there 
were  appendages  to  the  branchial  hearts  absent  in  Octopus  according  to  Cuvier, 
but  not  in  Etedonc,  and  not  wanting  in  Argonaut ;  ana  lastly,  there  were  two 
genital  pores  in  the  animal  in  question,  though  there  is  only  one  in  the  male  Oc- 
topm ;  and  the  excretory  ducts  were  not  complicated  and  glandular  in  the  former, 
whilst  the  single  one  is  so  in  the  latter.    In  fact  the  internal  anatomy  is  in  every 
respect  the  same  in  the  specimen  described  as  in  the  Argonaut.    If  a  male  Tre- 
moctopus, the  two  genera  must  be  very  nearly  allied.     The  stomach  contained 
conical  shells  of  Pteropoda,  lingual  spines  of  mollusks,  and  portions  of  the  eyes  of 
cuttles  and  fishes,  such  fragments  as  are  commonly  found  in  the  stomach  of  the 
Argonaut.    In  the  same  parcel  was  a  small  Argonaut  in  its  shell,  which  was  less 
than  three  inches  in  length,  but  had  a  mass  of  ova  in  the  spire,  over  which  the 
winged  arms  were  folded,  and  around  them  the  fine  extremities  of  the  next  pair  of 
arms  curled.    In  the  ovaries  of  this  and  of  another  larger  specimen,  the  author 
noticed  a  few  threadlike  bodies,  an  inch  and  a  half  long,  tapering  behind,  and 
having  a  hair-like  portion  at  the  blunter  extremity ;  he  supposes  these  to  be  en- 
tozoa.     Sepiola  Atlantica  occurred  with  the  other  Cephalopoda,  therefore  it  is  not 
exclusively  an  Atlantic  species  j  it  has  eye-pores  leading  to  the  subocular  glands. 
Rossia  microsomia  also  occurred,  its  internal  structure  differing  in  nothing  from  the 
last.    In  both  there  is  a  clear  membrane  stretched  over  the  eye  with  only  a  slight 
duplicative  before  and  below ;  the  ink-bag  is  somewhat  quadrate  in  form,  with 
two  attached  glands.    There  was  a  young  and  an  old  specimen  of  Ommastrephes 
todarus :  in  this  species  the  tentacles  are  evidently  not  retractile ;  the  eyeball  is 
much  exposed,  having  a  large  spade-shaped  opening  in  the  integument  in  front  of 
the  lens,  whilst  in  Loligo  it  is  covered  over  completely  by  a  clear  membrane ;  the 
pits  at  the  base  of  the  funnel  are  triangular,  not  linear  as  in  Loligo  media,  which 
also  occurred  as  a  Sardinian  species ;  EUdone  cirrhosus  and  Octopus  vulgaris  com- 
plete the  list  of  species.     In  both  these  the  anterior  chamber  of  the  eve  seems 
closed  by  an  anterior,  thicker,  and  posterior  clear  crescentic  fold.     Almost  all 
Cephalopoda   have    ducts  from  the  subocular    gland  opening  externally,   and 
very  often  other  pores  opening  horn,  cavities  about  the  head. 


Education  in  Natural  Science  in  Schools.    By  T.  B.  Gbibbson,  M.A. 


Notice  of  Bare  Fishes  occurring  in  Norfolk  and  Lothingland. 
By  T.  E.  Qttsx. 

The  author,  after  describing  the  geographical  situation  of  Norfolk  as  being 
especially  favourable  to  the  production  of  this  class  of  animals,  proceeded  to  notice 
what  previous  accounts  relating  to  this  subject  had  been  placed  on  record  by 
various  authors.  After  briefly  describing  the  valuable  products  of  the  fisheries  as 
giving  employment  to  a  great  proportion  of  the  population  near  the  coast,  and 
noticing  the  subject  of  the  whitebait  and  sprat,  he  proceeded  to  more  fully  de- 
scribe the  occurrence  of  the  principal  rarities,  commencing  with  the  accounts  of 
Sir  Thomas  Browne,  and  noticing  the  fact  that  some  species,  apparently  rare  in 
his  time,  are  now  of  common  occurrence,  instancing  as  iamiliar  examples  the  two 
species,  the  lump-sucker  and  lamprey.    Amongst  toe  rarities  enumerated  are  the 
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two  giltheads,  mailed  gurnard,  swordfish,  pilotfish,  sea-horse,  trumpetfish,  gem- 
meous  and  sordid  dragonetts,  anchovy,  Ray's  bream,  plain  bonito,  opah,  blue  and 
fox-sharks,  hammer-headed  sharlf ,  sawfish,  fiyingfish,  and  many  others.  Of  the  ham- 
mer-headed shark,  the  head  of  the  only  specimen  obtained  in  Europe  of  late  years 
is  now  preserved  in  the  Norwich  Museum,  and  a  single  specimen  of  the  sawfish 
was  obtained  off  Lynn,  in  the  time  of  Sir  T.  Browne,  this  being  apparently  the 
only  instance  on  record  of  the  occurrence  of  this  species  in  the  British  seas.  The 
flyingfish,  Exocetus  vofitam,  have  on  several  occasions  been  observed  in  the  British 
seas,  and  in  about  three  instances  have  been  captured,  the  last  capture  being  oft 
Yarmouth  this  last  season ;  one  of  the  pectoral  fans  of  this  specimen  (now  in  the 
author's  possession)  was  exhibited  at  the  reading  of  this  paper. 

He  next  enumerated  some  singular  malformed  varieties,  via.  double-headed  had- 
dock, whiting  with  three  eyes,  and  a  malformed  basse. 

A  brief  account  of  the  river-fish,  with  remarks  on  some  varieties  of  sticklebacks, 
&c^  brought  the  paper  to  a  conclusion. 

The  total  number  of  species  enumerated  is  123,  leaving  a  reasonable  hope  that 
when  the  subject  is  more  fully  investigated  several  further  additions  may  be  made 
to  the  Norfolk  list.  

On  the  possibh  introduction  of  South  European  Plants  in  the  West  and  SovtA 
of  Ireland.     By  Professor  Hennessy,  F.R.S. 

The  author's  inquiries  into  the  climatology  of  the  British  Islands  had  led  him  to 
examine  the  physical  conditions  which  affect  the  distribution  of  vital  phenomena 
in  Ireland.  So  far  back  as  1860  he  had  already  called  attention  to  the  relations 
between  the  peculiar  distribution  of  the  flora  in  the  western  districts  of  Ireland 
and  the  position  of  the  isothermal  lines  in  the  map  which  he  had  previously  pub- 
lished*. These  relations  have  been  pointed  out  more  recently,  and  with  more  pre- 
cision, in  the  map  appended  to  a  paper  by  Dr.  David  Moore  and  Mr.  A.  G.  More, 
"On  the  Climate,  Flora,  and  Crops  of  Ireland,"  in  the  Report  of  the  International 
Horticultural  Exhibition  and  Botanical  Congress,  held  in  London  during  May  1806. 
The  author  briefly  presented  geological  and  geographical  grounds  for  rejecting  the 
hypothesis  of  the' late  eminent  naturalist,  Professor  E.  Forbes,  and  he  also  adduced 
similar  criticisms  from  other  inquirers  f. 

The  author  next  presented  a  summary  of  all  the  South  European  plants  found 
in  the  West  and  South-west  of  Ireland,  specifying  minutely  their  localities  both  in 
Ireland  and  on  the  Continent.  The  former  are  limited  to  two  coast  districts  box* 
dered  by  numerous  navigable  inlets  and  fishing-grounds ;  namely,  first  among  the 
maritime  baronies  of  the  counties  of  Galway  and  Mayo  :  and  secondly,  a  part  of 
Kerry,  together  with  the  south-western  extremity  of  Cork.  On  the  Continent 
the  plants  in  question  are  abundantly  found,  as  already  remarked  by  Forbes,  in 
the  northern  part  of  Spain,  and  especially  the  province  of  Asturiaa.  The  author 
calls  these  plants,  for  brevity,  the  Asturian  nora:  and  the  two  districts  -where 
they  are  found  in  Ireland,  the  West  Asturian  and  South- West  Asturian  districts, 
respectively.  It  has  been  admitted  by  Forbes  that  there  does  not  seem  to  be 
evidence  of  any  local  assemblage  of  animals  in  these  districts  corresponding  to 
the  Asturian  flora,  and  the  inquiry  is  therefore  entirely  limited  to  discover  the 
origin  of  the  plants.  The  physical  conditions  accompanying  the  growth  of  the 
Asturian  flora,  both  in  Spain  and  in  Ireland,  are  fully  discussed.  Tne  climate  of 
the  province  of  Asturias  is  characterized  by  great  moisture  and  a  mild  winter  tem- 
perature ;  thus,  at  Oviedo,  which  is  about  the  centre  of  the  province,  the  mean  an- 
nual fall*  of  rain  is  nearly  75  inches,  and  the  Wettest  months  are  April  and  May. 
The  mean  annual  temperature  is  55° -4  F. ;  the  mean  winter  temperature,  from 
45°*4 ;  the  mean  summer  temperature  is  65°*2 ;  the  mean  yearly  maximum  is  88?  j 
the  mean  yearly  minimum  from  31°  to  34°. 

The  prevalent  geological  formations  are  stated  to  be  Devonian  and  Silurian,  and 

*  Atlantis,  vol.  i.  p.  390. 

t  See  D'Archiac's  "Hist,  des  Progr£s  de  la  G^ologie,  publiee  par  la  Soci&e'  G£ologique 
de  France  sous  les  Auspices  du  Ministr©  de  Hnstruction  publique,"  voL  ii  pp.  128-137; 
also  Darwin's  *  Origin  of  Specie*,'  p.  364. 
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the  soil  ia  said  to  be  generally  retentive  of  moisture.  Although  the  geology  of  the 
other  provinces  in  the  North  of  Spain  is  in  some  respects  essentially  different,  there 
are  good  grounds  for  believing  that  their  climate  is  similar  to  that  of  the  Asturias. 
When  we  turn  to  the  Asturian  districts  of  Ireland,  we  find  more  features  of  geolo- 
gical and  physical  resemblance  to  the  North  of  Spain  than  in  any  other  districts  of 
equal  area  in  Ireland.  The  influence  of  climate,  which  seems  of  paramount  impor- 
tance in  relation  to  plants,  is  very  remarkable  in  the  Irish  Asturian  districts.  The 
author  illustrated  his  views  by  reference  to  a  Map,  on  which  were  projected  the  iso- 
thermal lines  of  mean  annual  and  mean  winter  temperature  for  Ireland.  These  lines 
were  drawn  by  the  aid  of  observations  made  at  some  new  stations,  in  addition  to 
those  on  which  he  had  to  rely  when  projecting  the  isothermals  already  published. 
Among  these  stations  he  especially  referred  to  Galway,  from  its  position  in  the  West 
Asturian  district.  From  the  Map,  it  appears  that  the  greater  part  of  the  areas  of 
both  of  the  Asturian  districts  lie  between  the  annual  isothermals  of  52°  and  51°,  and 
between  the  winter  isothermals  of  46°  and  44°.  These  are  the  lines  of  highest  tem- 
perature in  Ireland,  and  the  winter  lines  correspond  almost  identically  with  those 
belonging  to  the  middle  of  the  province  of  Asturias  itself.  On  the  other  hand,  the 
summer  temperature  of  the  Irish  Asturian  districts  is  from  57°#6  to  50o,8  respec- 
tively, and  therefore  from  6°  to  8°  lower  than  that  of  the  North  of  Spain ;  whence 
it  follows  that  if  plants  were  introduced  into  an  Asturian  district  from  Spain, 
some  of  which  required  a  warm  summer,  while  others  required  only  a  mild  winter, 
the  former  would  die,  while  the  latter  might  survive,  and  even  spread  over  exten- 
sive areas.  The  condition  of  great  summer  warmth  seems  to  be  especially  required 
for  annuals  belonging  to  southern  climes,  as  the  ripening  of  the  seeds  would  be  in- 
evitably checked  by  a  single  cold  and  wet  summer.  The  growth  of  perennials  ap- 
pears to  depend  principally  on  the  condition  of  winter  temperature,  as  these  plants 
may  spread  by  roots  and  suckers.  After  referrinff  to  the  generally  admitted  fact 
of  the  moisture  of  the  climate  of  Ireland,  the  author  concludes,  from  observations 
made  at  Galway,  Innishgort^  in  Clew  Bay,  and  Lough  Oorrib,  that  the  annual  rain- 
fall in  the  West  Asturian  district  must  at  least  exceed  60  inches  j  while  observa- 
tions made  at  Valentia,  Killarney,  Cahirciveen,  and  Castletownsend  show  that  the 
fall  is  probably  still  greater  in  the  South-west  district. 

Corresponding  conditions  exist  with  regard  to  the  relative  humidity  of  the  air. 
If,  as  before  supposed,  different  varieties  of  plants  from  a  southern  clime  were  by 
accident  introduced  into  our  Asturian  districts,  for  some  of  which  moisture  was 
more  favourable  than  to  others,  the  former  would  have  a  far  greater  chance  of  be- 
coming widely  spread,  while  the  growth  of  the  latter  might  be  checked  instead  of 
being  promoted. 

The  influence  of  cultivation  in  promoting  or  checking  the  introduction  of  wild 
plants  into  the  Asturian  districts  was  next  discussed.  It  appears  from  returns  fw> 
nished  to  the  Registrar-General  of  Ireland  during  five  years,  that  the  greatest  pro- 
portion of  weedy  ground  was  observed  in  the  Asturian  districts ;  and  from  returns 
made  during  several  years  of  the  relative  areas  under  tillage,  pasturage,  and  in  a 
totally  uncultivated  condition,  that  the  Asturian  districts  were  the  lowest  in  general 
cultivation  among  districts  of  equal  extent. 

Although  annuals  and  the  class  of  weeds  generally  accompanying  crops  are  at 
first  favoured  by  culture,  which  opens  the  soil  for  their  propagation,  it  seems  that 
the  tranquil  development  of  perennial  wild  plants  takes  jJace  most  completely 
where  culture  is  imperfect  or  entirely  suspended ;  whence  it  follows  that  if  any 
perennial  wild  plants  suited  by  their  habits  to  the  Asturian  district  happened  to  be 
introduced  into  them,  their  chance  of  existing  and  spreading  would  be  greater  than 
in  other  districts  of  Ireland.  In  addition  to  the  evidence  furnished  by  the  returns 
of  the  Registrar-General,  the  author  referred  to  the  writings  of  Arthur  Young,  and 
to  the  Agricultural  Surveys  of  the  counties  of  Ireland,  in  order  to  show  that  the 
same  relative  condition  of  the  Asturian  districts  with  reference  to  cultivation  had 
been  in  existence  as  long  as  the  subject  had  attracted  any  notice.  It  was  shown  by 
numerous  references,  that  a  great  many  well-authenticated  instances  of  the  intro^ 
duction  of  plants  through  commercial  and  general  intercourse  have  greatly  changed 
the  flora  of  different  countries.  These  changes  were  often  effected  within  a  com- 
paratively short  period  of  time,  and  they  were  more  or  less  complete  in  proportion 
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to  the  more  or  less  favourableness  of  the  climatic  condition  of  the  new  stations  of 
the  introduced  plants.  After  fully  discussing  these  results,  the  author  puts  forward 
his  views  in  the  following  propositions : — 

During  two  periods  of  prolonged  and  intimate  intercourse  between  the  northern 
coast  of  Spain  and  the  whole  of  Ireland,  the  conditions  for  bringing  the  seeds  of 
various  plants  into  the  latter  country  from  the  former  probably  existed ;  and  during 
the  more  recent  of  these  periods,  the  existence  of  such  trading  and  fishing  inter- 
course between  Spain  ana  the  Asturian  districts  of  Ireland  is  so  well  established, 
and  was  of  such  a  land  as  to  render  the  introduction  of  accidental  seeds  almost  cer- 
tain. Such  seeds  as  required  a  warmer  climate  than  that  of  Ireland  for  their  ger- 
mination necessarily  failed,  while  those  which  were  suited  to  the  physical  conditions 
into  which  they  were  thrown  became  naturalized.  The  winter  isothermal*,  and 
the  corresponding  distribution  of  minimum  temperature,  confined  the  range  of  these 
plants  to  the  two  narrow  littoral  districts  where  they  are  found.  The  cold  and  wet 
summers  which  often  exist  in  Ireland  would  speedily  destroy  such  annuals  as  hap- 
pened to  be  introduced  from  the  warmer  summer  climate  of  the  North  of  Spain  ; 
out  a  few  of  the  perennials  might  still  continue  to  exist,  owing  to  the  favourable 
conditions  of  winter  temperature  in  the  West  of  Ireland. 

The  author  briefly  discussed  the  grounds  which  we  possess  for  believing  in  a  for- 
mer intercourse  between  Spain  and  Ireland  at  a  very  remote  epoch ;  and  he  examines, 
with  great  minuteness  and  detail,  the  evidence  of  such  intercourse  during  a  more 
modern  period.  It  appears  that  from  the  thirteenth  to  the  sixteenth  centuries  in- 
clusive, the  west  and  south-west  of  Ireland  were  in  close  communication  with  the 
ports  of  Biscay  and  Asturias.  Local  histories  and  traditions,  popular  poetry,  and 
unpublished  documents  were  referred  to  in  support  of  this  conclusion ;  and  it  ap- 
pears that  many  of  the  stations  of  the  Asturian  flora,  where  plants  are  actually 
found,  were  also  trading  or  fishing  stations  of  Asturian  or  Biscayan  mariners. 

In  the  two  instances  where  names  in  the  Irish  language  had  been  ascertained  for 
the  Asturian  plants,  these  names,  in  the  opinion  of  Celtic  scholars,  clearlv  indicate 
the  introduction  of  the  plants  from  foreign  countries.  It  is  also  remarkable  that 
one  of  the  plants  of  the  Asturian  flora  has  been  observed  in  other  parts  of  Europe — 
namely,  Belgium  and  the  islands  off  the  coast  of  Friesland,  districts  where  the 
Spaniards  had  considerable  intercourse  before  the  Netherlands  had  finally  achieved 
their  independence.  The  winter  climate  of  the  Netherlands  was  probably  not  suf- 
ficiently favourable  to  the  development  of  the  other  plants  belonging  to  the  Astu- 
rian flora,  and  these  are  therefore  confined  to  those  parts  of  Ireland  where  all 
the  physical  and  social  causes  favouring  their  growth  nave  long  existed  in  a  suf- 
ficiently high  degree  of  intensity. 

On  the  Wellingtonia  gigantca,  with  remarks  on  its  Form  and  Rale  of  Growth, 
as  compared  with  the  Cedrus  Libani.     By  John  Hogg,  M~d.,  F.B.&,  F.L.S. 

The  author  commenced  his  paper  with  a  brief  historical  notice  of  the  discovery 
of  this  magnificent  North-west  American  tree  by  Mr.  Whitehead  in  June  1850,  in 
the  Calaveras  Grove  in  California. 

This  grove  is  situated  in  a  sloping  valley  on  the  mountain-ridge  between  the  South 
Antonio  branch  of  the  Calaveras,  and  the  north  fork  of  the  Stanislaus  Rivers,  in 
lat.  38°  N.,  and  long.  120°  IV  W.,  at  an  elevation  of  4370  feet  above  the  Pacific. 
Having  traced  the  subsequent  and  fuller  accounts  of  the  finding  of  more  of  these 
immense  evergreen  conifers,  by  Messrs.  Dowd  and  Lewis,  Mr.  Hogg  enumerated 
some  of  the  largest  trees,  and  gave  their  dimensions,  which  are  to  be  seen  in  the 
Calaveras  Grove,  to  which  he  assigned  the  title  of  the  a  Original  Grove,"  One  of 
these,  called  the  "  Father  of  the  Forest,"  measured  110  feet  in  circumference  at  the 
ground,  and  about  435  feet  in  height.  It  was  shown  that  other  trees  of  {peat  size 
were  also  found  in  Crane  Flat  in  Calaveras  county,  on  one  of  the  tributaries  of  the 
Big  Creek,  on  an  upper  branch  of  the  Frezno  River,  and  in  the  Maripora  Grove, 
between  the  Big  Creek  and  the  Marced.  Also  it  appeared  that  in  the  year  1857 
Mr.  Clark  came  upon  two  smaller  groves  of  the  same  splendid  tree.  And  more  re- 
cently an  eighth  and  larger  grove  was  noticed  about  twelve  miles  east  of  the  Frezno 
Grove. 
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The  author  mentioned  the  names  of  some  of  the  most  remarkable  of  these  "  Mam- 
moth Trees,"  with  their  dimensions,  and  stated  that,  instead  of  there  being  only  two 
groves,  as  was  at  first  supposed,  there  existed  eight  or  nine  in  all;  the  whole  of 
these  localities  are  considered  to  possess  from  1250  to  1300  trees. 

He  then  adverted  to  the  generic  differences  of  the  WelUngtonia — a  name  inap- 
propriately given  by  the  late  Dr.  Lindley,  instead  of  the  more  proper  one  "  Wash- 
lngtonia. 

Dr.  Lindley,  thinking  that  this  conifer  did  not  grow  "  above  two  inches  in  diameter 
in  twenty  years,"  being  equivalent  to  24  lines  m  twenty  years,  concluded  that  its 
age  was  §000  years.  In  the  year  1857  Mr.  Hogg  made  another  estimate  of  its  age 
after  having  examined  some  of  the  breadths  of  the  annual  zones  in  a  section  of  a 
part  of  the  stem  itself  ;  and  taking  three  lines,  or  a  quarter  of  an  inch  in  diameter, 
as  its  mean  annual  growth,  especially  as  it  is  a  tree  of  quick  growth,  this  would 
make  the  tree  to  be  1344  years  of  age.  So  Dr.  Torrey  subsequently  came  to  a  very 
similar  conclusion,  from  his  own  more  accurate  computation,  that  the  tree  had  ex-> 
isted  for  1200  years  only,  instead  of  3000  years. 

The  author  then  remarked  that  that  method  of  computation  is  not  strictly  to  be 
depended  upon;  and  that  it  is  a  question  whether  or  not  certain  trees  do  undergo 
two  growths  in  every  year,  or  only  in  certain  favourable  seasons.  Severarbotanists 
consider  an  annual  double  growth  to  be  probable ;  and  especially,  with  regard  to  the 
increase  of  the  Cedrus  Lxbani,  M.  Loiseleur  Deslongchamps  concluded  that  such 
was  the  case ;  and  that  each  year  presented  two  layers ;  the  one  narrow  and  hard, 
and  the  second  much  broader  and  looser. 

Dr.  Hooker  visited  in  September  1860  the  ancient  Cedar  Grove  in  Mount  Leba- 
non, at  the  elevation  of  about  6000  feet  above  the  Mediterranean ;  and  he  calcu- 
lated from  the  concentric  rings  of  a  branch  of  an  old  tree,  8  inches  in  diameter 
(without  its  bark),  which  had  "no  less  than  140  rings/'  the  youngest  trees  in  that 
valley  of  the  Lebanon  (Kedisha)  would  average  100,  the  oldest  2500  years  in  age. 
Both  of  these  estimates,  however,  Dr.  Hooker  considered  to  be  "  wide  from  the 
mark." 

Mr.  Hogg  compared  the  annual  increase  in  height  of  a  healthy  young  Wetting- 
tonia,  eight  years  old,  with  a  Cedar  of  Lebanon,ten  years  of  age,  which  was,  accord- 
ing to  Loudon,  planted  in  a  very  favourable  situation  near  London. 

The  Wettmgtonia,  growing  in  the  south  extremity  of  the  county  of  Durham,  was 
found  to  have  increased  in  height  in  two  years  (when  aged  eight  years)  3  feet  6J 
inches,  making  it  in  July  1868  to  be  7  feet  6£  inches  in  total  height ;  whilst  the 
young  Cedar  had  only  reached  7  feet  in  ten  years. 

The  same  able  Dendrologist  says  that  the  Cedar  of  Lebanon  "  does  not  begin  to 
produce  cones  till  it  is  twenty-five  or  thirty  years  old,"  whereas  this  young  Wel- 
Ungtonia bore  two  cones  and  one  male  flower  when  six  years  of  age,  which  was  in 
June  1866;  the  last,  or  male  flower,  presented  some  scales  with  the  anthers  (small 
balls  of  an  orange  colour)  placed  within  them. 

The  mode  of  growth  with  the  young  Cedar  is  by  spreading  out  into  horizontal 
branches,  whilst  that  of  the  young  Wellingtonia  is  pyramidal  and  upright,  with  all 
its  lower  portion  beautifully  branched.  As  the  latter  advances  in  age,  it  loses  its 
lower  branches  for  about  one-third  or  more  of  its  total  height.  Thus,  in  that 
colossal  individual,  the  "  Father  of  the  Forest,"  it  had  lost  its  branches  for  about 
200  feet  from  the  ground  j  its  entire  height  being  435  feet. 

The  author,  in  concluding,  observed  that  the  growth  of  large  trees,  and  the  for- 
mation of  wood  in  the  concentric  zones  or  rings  of  the  stems,  required  to  be  fur- 
ther and  more  attentively  investigated,  as  it  is  a  very  important  question  in  vege- 
table physiology. 

Mr.  Hcgg  illustrated  his  paper  by  copies  of  photographs  of  several  Wellingtonias; 
and  also  one,  representing  a  glorious  primeval  Cedar,  taken  last  year  in  the  Lebanon. 


Notes  on  Two  British  Wasps,  and  their  Nests,  illustrated  by  Photographs. 
By  John  Hogg,  M.A.,  F.R.S.,  F.L.S. 

The  author  exhibited  three  photographs  of  wasps'  nests ;  all,  except  one,  he  had 
found  at  Norton,  in  the  county  of  Durham,  from  the  years  1831  to  1856,  both 
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inclusive.  The  first  Plate  represented  the  interior  of  the  largest  nest  of  Vespa 
arborea  ?  of  Mr.  F.  Smith ;  and  the  second  and  third  five  nests  of  the  Vespa  Britan- 
nica.  with  four  of  the  wasps  taken  out  of  them. 

Plate  II.  exhibited  the  more  delicate  and  exquisitely  fabricated  nests  of  the  Vespa 
Britannica  of  Leach,  or,  as  other  entomologists  term  it,  V.  Norvegica. 


On  some  Organisms  which  live  at  the  bottom  of  the  North  Atlantic,  in  depths  of 
6000  to  15,000  feet*.     By  Professor  T.  H.  Huxley,  LL.D.,  F.B.S.,  KL.S. 


On  the  Necessity  of  Photographing  Plants  to  obtain  a  better  knowledge  of  them. 

By  Dr.  Karl  Koch. 

The  author  drew  attention  to  the  advantage  of  photographs  to  the  systematist  for 
the  comparison  of  plants.  There  are  many  plants  of  which  the  dry  specimens  in 
the  herbarium  are  not  sufficient,  especially  in  the  case  of  treesj  where  the  best  de- 
scriptions cannot  give  an  idea  of  their  physiognomy.  The  Liliaceous  plants,  and 
nearly  all  the  Monocotyledons,  in  a  dry  state,  give  a  bad  view  of  their  physiognomy. 
In  the  Botanic  Garden  and  glasshouses  at  Berlin,  such  plants  are  cultivated  which 
when  photographed  would  give,  more  especially  for  monographers,  good  material 
for  their  description  or  their  diagnosis.  A  collection  of  plant-nhotographs  is  being 
made  at  the  Botanic  Gardens  at  Berlin ;  and  the  author  would  thank  possessors  of 
gardens  and  greenhouses  to  send  him  photographs  of  interesting  plants  and  trees. 
The  author  exhibited  the  photograph  of  an  Aroideous  plant,  from  which  he  was 
alone  able  to  determine  that  the  plant  was  new  and  to  give  a  good  diagnosis  and 
description.  

On  the  Specific  Identity  of  the  Almond  and  the  Peach.     By  Dr.  Karl  Koch, 

The  author  stated  that  he  had  travelled  over  the  mountains  of  the  Caucasus,  Ar- 
menia, some  parts  of  Persia  and  Asia  Minor,  during  four  vears,  for  the  purpose  of 
studying  the  origin  of  our  fruit-trees.  Although  the  author  could  not  assert  that 
he  had  found  them  perfectly  wild  or  run  wild,  he  nevertheless  had  collected  much 
interesting  material.  The  author  believes  that  our  pears  and  apples,  cherries,  most 
plums,  also  peaches  and  apricots,  are  not  natives  of  Europe.  Only  certain  bad 
varieties  of  plums  have  their  origin  from  Prunus  imititia.  the  tree  which  grows 
in  a  wild  condition  in  the  woods  of  Europe.  After  discussing  the  wild  stock  of  our 
cherries  and  pears,  the  author  stated  that  apricots  do  not  grow  wild  in  Oriental 
countries,  but  may  perhaps  come  from  China  and  Japan,  as  also  the  peaches.  In 
the  east  of  Persia,  however,  a  peach-shrub  grows,  which  is  intermediate  between 
the  almond  and  the  peach-trees.  For  some  time  naturalists  and  gardeners  have 
asserted  that  there  is  no  difference  between  almond  and  peach-trees;  that  the  latter 
is  merely  a  variety  in  which  the  dry  rind  of  the  almond  has  become  fleshy,  and 
where  at  the  same  time  the  stone  has  acquired  a  rough  surface.  Botanists  say  also 
that  the  petioles  of  the  almond-tree  have  at  the  superior  end  small  glands,  which 
are  absent  in  the  peach.  But  the  nectarine,  which  is  but  a  smooth-skinned  peach, 
exhibits  these  same  glands.  The  flowers  are  not  readily  distinguishable  of  peach 
and  almond.  On  the  shores  of  the  Rhine  a  double-flowered  variety  grows,  as  to 
which  it  is  not  certainly  known  whether  it  is  peach  or  almond.  In  England  and 
France  also  there  is  a  plant  which  is  well  known  as  the  peach-almond,  and  which 
is  a  constant  variety.  This  plant  occasionally  produces  a  branch  bearing  good 
peacheo,  but,  as  a  rule,  its  fruit  is  intermediate  m  character.  The  property  of  ata- 
vism seems  to  prove  the  derivation  of  the  peach  from  the  almond ;  for  occasionally 
a  sound  peach-tree  will  produce  a  branch  bearing  almond-like  fruit. 

On  the  Classification  of  the  Species  of  Crocusf.     By  Dr.  Karl  Koch. 

Most  botanists  have  only  made  use  of  the  flowers  and  fruits  of  plants  in  the  for- 

*  Published  in  exttnso  in  the  Quarterly  Journal  of  Microscopical  Soienoe  for  1868. 
.    t  Published  in  extenso  in  the  Gardeners'  Chronicle,  September  12r  1868. 
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mation  of  genera ;  we  have  thus  obtained,  not  natural,  but  artificial  groups.  For 
the  formation  of  natural  genera  it  is  always  necessary  to  know  also  the  vegetation 
and  the  habit,  both  of  which  are  very  often  in  intimate  connexion  with  tho  flowers 
and  fruits.  The  author  has  studied  for  a  long  time  the  crocuses  and  their  vegeta- 
tion. The  flowers  of  these  plants  do  not  always  furnish  good  characters  j  the  pro- 
portionate length  of  the  stamens  and  the  style,  on  which  botanists  lay  great  value, 
is  only  relative,  and  is  not  always  sure.  Better  characters  for  the  great  divisions 
are  to  be  drawn  from  the  vegetation.  The  author  has  observed  that  many  crocuses 
twist  the  leaves  spirally  when  they  are  dry.  The  same  crocuses  have  also  a  corm 
in  which  the  scales  or  the  sheaths  are  cut  across  transversely  at  the  base.  In  this 
tribe  of  crocuses  are  found  blue,  purple,  white,  and  yellow  flowers,  as  in  the  other 
tribes,  where  the  leaves  are  straight,  and  so  tenacious  that  they  can  be  used  as 
twine.  The  conns  of  the  latter  have  the  scales  minutely  or  strongly  reticu- 
lated. 

The  author  gave  another  example  where  the  vegetation  is  of  the  greatest  value 
for  the  systematise  Besides  the  leaves,  the  sheaths  of  the  conns  of  the  crocuses 
are  also  very  important.  Pie  distinguished  by  this  means  four  groups;  first, 
crocuses  with  conns  in  which  the  scales  are  circumscissile  near  the  base  j  secondly, 
crocuses  where  the  scales  are  furnished  with  long  and  straight  nerves ;  thirdly, 
crocuses  where  the  scales  or  sheaths  are  finely,  or,  fourthly,  where  they  are 
strongly  reticulated. 

The  bracts  and  the  number  of  the  flowers  give  also  good  marks  for  the  distinc- 
tion of  the  species ;  we  have  crocuses  with  one  and  with  two  bracts,  and  with  one 
or  many  flowers.  When  the  author  has  finished  his  observations  about  the  fruits 
and  seeds,  he  hopes  to  publish  a  treatise  on  the  subject. 


Notes  on  the  Flora  of  STcye. 
By  M.  A.  Lawson,  Professor  of  Botany  in  the  University  of  Oxford* 

During  a  short  stay  of  a  fortnight  in  the  Isle  of  Skye  in  company  with  Pro- 
fessor Oliver  and  Mr.  II.  S.  Fox,  the  author  drew  up  a  list  of  all  the  plants  that 
came  under  their  notice,  and,  since  his  return,  compared  it  with  others  of  the 
neighbouring  islands  and  mainland.  Of  this  comparison  the  following  is  the 
result. 

Of  the  389  species  he  found  in  Skye,  the  following  31  have  never  been  recorded 
from  the  subprovince  32  of  the  Supplement  to  the  *  Cybele  Britannica : y — 

Nymphaaa  alba.  Vaccinium  oxycoccus. 

Draba  incana.  Veronica  montana. 

Arabis  petrsea.  Ajuga  reptans. 

Prunus  padus.  Galeopsis  Ladanum. 

Rubus  ccesius.  Stachys  betonica. 

—  umbrosus,  Arrh,  Atripfex  deltoidea. 

corylifolius.  Rumex  conglomerate. 

Epilobium  anagallidifolium.  Ulmus  montana. 

Myriophyllum  alterniflorum*  Fagus  sylvatica. 

Ribes  rubrum,  var,  spicatum.  Potamogeton  perfoliatus. 

Galium  uliginosum.  heterophyllus. 

Apargia  hispida.  Eriocaulon  septangulare. 

Ilieracium  anglicum.  Juncus  compressus. 

iricum.  Scirpus  fluitans. 

Arctium  minus.  Cistopteris  fragilis. 
Carduus  nutans. 

Fifty-one  species  also  are  not  recorded  from  the  outer  West  Highlands,  sub- 
province  33,  including  Islay,  Mull,  Skye,  &c. 

Anemone  nemorosa.  Rubus  caesius. 

Corydalis  claviculata.  —  cordifolius. 

Sisymbrium  thalianum.  umbrosus,  Arrh. 

Stellaria  graminea.  corylifolius. 

Cerastium  alpinum.  Rosa  tomentosa. 
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Epilobium  anagallidifolium.  Euphorbia  peplus. 

alsinifoliuni.  TJ  lmus  montana. 

Circaea  alpina.  Fazus  sylvatica. 

Saxifraga  nivalis.  Habenaria  chlorantha. 

Sanicula  europcea.  Malaxis  paludosa. 

Apium  graveolens.  J  uncus  compressus. 

^Effopodium  podograria.  Gerarui. 

Galium  uliginoeum.  trifidus. 

Hieracium  anglicum.  triglumis. 

iricum.  Scirpus  Iacustris. 

Carduus  nutans.  maritimus. 

Yaccinium  vitis-ideea.  Carex  pilulifera. 

oxycoccus.  Avena  pratensis. 

Pyrola  secunda.  Poa  nemoralis. 

Fraxinua  excelsior.  Cistopteris  fragilis. 

Veronica  scutellata.  Polystichum  lonchitis. 

montana.  aculeatum. 

Galeopsis  ladanum.  Botrycbium  lunaria. 

Stachys  betonica.  Lycopodium  alpinum. 

Atriplex  deltoidea.  Pilularia  globulifera. 

Rumex  conglomerate. 
Besides  these  two  lists  120  species  from  the  Hebrides  have  never  been  recorded ; 
while  51  species  are  recorded  from  the  Hebrides  which  either  do  not  grow  in  Skye, 
or,  what  is  much  more  probable,  were  overlooked  by  the  author. 

Ribes  spicatum,  Robson,  with  densely  tomentose  leaves,  especially  on  the  under 
surface,  was  discovered  first  at  Uig,  and  then  in  large  quantities  on  the  cliffs 
about  Dunvegan  Head. 

Any  botanist  with  a  month  to  spare  would  be  yet  amply  repaid  in  further 
investigating  the  flora  of  this  island;  the  more  southern  portion  called  the  Sleat 
was  hardly  examined,  and  as  it  is  quite  different  in  its  geological  formation  to  the 
rest  of  Skye,  a  large  number  of  species  will  in  all  probability  be  found,  as  yet  un- 
known to  the  subprovince.  

On  the  Discwery  of  Buxbanmia  aphylla  near  London. 
By  M.  A.  Lawson,  Professor  of  Botany  in  ihe  University  of  Oxford. 

One  day  towards  the  end  of  April  lost  during  an  excursion  to  Virginia  Water, 
the  author  found  on  the  freshly  upturned  clearings  of  a  ditch,  skirting  a  pine-wood, 
six  specimens  of  this  curious  and  interesting  little  moss.  Although  recorded  from 
many  parts  of  Scotland,  it  is  but  the  third  time  it  has  been  found  in  England. 
The  first  to  find  it  in  Great  Britain  was  the  late  Sir  William  Hooker,  who,  when 
he  was  almost  a  boy,  discovered  it  on  some  stumps  of  trees  while  shooting  in 
Sprowston  Woods  in  the  neighbourhood  of  Norwich.  Justly  elated  with  this 
piece  of  good  fortune,  he  gave  himself  up  (he  had  thought  little  of  botany  before) 
to  the  study  of  plants.    What,  then,  do  we  owe  to  this  insignificant  little  moss  ? 

The  third  locality  was  Sawley  Moor  in  Yorkshire,  and  both  here  and  at  Sprowston 
it  has  been  found  only  once. 

On  Type  Variation  and  Polymorphism  in  their  relation  to  Mr.  Darwin's 
Theory  of  the  Origin  of  Species.     By  Benjamin  T.  Lownb. 

The  author  considered  the  absence  of  any  great  departure  from  tj-pe  directly 
opposed  to  any  considerable  modification  having  taken  place  by  selection,  that  the 
simple  absence  of  connecting  links  between  different  groups  was  in  itself  very  diffi- 
cult to  explain,  although  perhaps  the  imperfection  of  geological  record  might  fairly 
be  urged  in  explanation,  yet  tnat  the  difficulty  is  vastly  increased  when  we  re- 
member that  it  such  forms  ever  existed,  they  have  left  no  diverging  descendants. 
If  such  a  complex  organ  as  the  eye  had  been  formed  by  natural  selection,  its 
identity  of  type  and  structure  throughout  the  Vertebrata  is  inexplicable :  whilst 
such  forms  as  Taipa,  Spalax,  and  ChrysocMorus  do  not  represent  connecting  links  in 
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the  gradual  development  of  the  visual  organ,  since  it  must  have  been  Perfected  long 
before  such  creatures  could  have  come  into  existence  under  the  genetic  theory. 

Between  the  conflicting  evidence  afforded  by  such  facts,  which  the  author  desig- 
nated "  rigidity  of  type,  and  the  plasticity  or  variability  of  form  shown  to  exist 
by  Mr.  Darwin,  in  "both  the  animal  and  vegetable  kingdoms,  he  thought  there 
was  but  one  safe  theory,  t.  e.  "  that  animals  and  plants  varied,  and  are  modified  by 
natural  selection  within  certain  limits" 

The  author  endeavoured  to  show  that  variability  was  a  character  inherent  in 
certain  organisms  capable,  like  other  characters,  of  being  increased  or  diminished  by 
selection  m  a  number  of  successive  generations.  The  slight  amount  of  variation 
known  to  exist  in  nature  compared  to  that  of  domestic  and  cultivated  forms,  was 
noticed  at  length,  together  with  the  amount  and  nature  of  variation  in  polymorphic 
or  protean  genera.  Mr.  Lowne  thought  it  highly  probable  that  accidental 
characters  neither  of  use  or  the  contrary  to  the  individual,  oecame  fixed  by  isolation, 
especially  amongst  insects,  where  a  single  male  is  often  capable  of  impregnating  a 
whole  isolated  colony  of  females. 

The  nature  of  the  variation  in  Eucalyptus  was  stated  to  be  quite  unlike  that  of 
most  variable  forms,  the  leaves  and  flowers,  according  to  the  author's  observations, 
being  very  variable  in  each  species  in  characters  usually  most  constant  in  other 
groups,  so  as  to  produce  the  greatest  confusion  in  herbariums  and  scientific 
descriptions,  although  he  admitted  that  further  evidence  was  wanted  upon  the 
subject. 

Divergence  of  character  under  competition  was  next  discussed  and  stated  to  be 
extremely  exceptional ;  the  gradual  extinction  of  thirty  species  of  Elephant  and 
their  reduction  to  two  was  noted  as  an  example  quite  at  variance  with  the  theory. 

Lastly,  the  author  stated  that  he  believed  Mr.  Darwin's  theory  was  a  most  im- 
portant one,  and  thoroughly  proved  within  certain  limits  j  that  the  establishment 
of  the  existence  of  such  limits  was  his  aim,  not  the  contradiction  of  a  single  fact 
advanced  by  that  great  observer ;  and  he  concluded  by  saying  although  it  will 
perhaps  always  be  impossible  to  draw  a  line  between  the  constancy  of  type  and  the 
variation  or  modification  of  species,  yet  that  future  observers  might  assign  a  limit 
practically  sufficiently  near  for  the  right  interpretation  of  the  Cosmos  of  Organic 
Nature; 

On  the  Proboscis  of  Ommatoplea.     By  W.  C.  McIntosh,  M.D.,  F.L.S. 

In  this  paper  attention  was  drawn  to  the  structural  differences  between  the 
Ommatoplean  and  Borlasian  proboscides ;  and  the  views  of  MM.  de  Quatrefages, 
Max  Schultze,  Van  Beneden,  Claparedc,  and  Kefcrstein,  in  regard  to  the  structure 
of  the  Stylet-Region  in  Ommatoplea,  commented  on,  with  the  aid  of  drawings. 


On  tlie  Boring  of  certain  Annelids.     By  W.  C.  McIntosh,  M.D.,  F.L.S. 

This  paper  was  brought  forward  with  a  view  to  show  that  the  chemical  or  acid 
theory,  advanced  last  year  by  Mr.  Lankester,  cannot  be  applied  to  the  boring  of 
Annelids,  any  more  than  it  has  been  found  to  explain  all  the  facts  connected  with 
the  perforations  of  Echinoderms,  Gephyrea,  Mollusca,  Bryozoa,  and  Sponges,  and 
to  maintain  the  statement  of  the  author  (which  Mr.  Lankester  had  doubted),  viz. 
that  Lcucodore  ciliatus  bores  in  aluminous  shale.  • 

Instead  of  the  boring  of  the  latter  species  being  new,  as  asserted  by  Mr.  Lan- 
kester, it,  as  well  as  the  chemical  theory  in  regard  to  annelidan  borings,  was  shown 
to  be  very  old.  Moreover  the  perforations  occur  in  sandstone,  as  well  as  in  alu- 
minous shale,  calcareous  rock  and  shell.  The  author  also  described  the  borings  of 
Dodecaceria  concharum  (a  species  very  frequently  associated  with  the  former),  Sabella 
saxicava,  Sipunculus,  &c. 

On  the  occurrence  of  Lastrea  rigida  in  North  Wales. 
By  Geokge  Maw,  F.L.S.,  F.G.S. 
With  the  exception  of  a  single  specimen  found  in  the  neighbourhood  of  Bath, 
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supposed  to  hare  been  introduced,  and  another  locality  in  the  county  of  Louth, 
where  the  plant  occupies  a  stone  wall,  the  author  pointed  out  the  limited  geo- 
graphical range  of  the  species,  considered  hitherto  to  be  confined  to  a  small  area 
of  the  mountain-limestone  district  bordering  on  the  counties  of  York,  Lancashire, 
and  Westmoreland.  Beyond  this  it  had  not  been  observed  in  the  British  Isles  till 
its  discovery  last  year  near  Llangollen  by  Mr.  George  R.  Jebb,  of  Ffrith  Hall, 
Wrexham.  It  occurs  abundantly  in  a  recess  of  the  escarpment  three  and  a  half 
miles  north  of  Llangollen,  immediately  to  the  south  of  Craig  Arthur,  which  forms 
the  western  extremity  of  this  part  of  the  mountain-limestone  range. 

Its  limited  distribution  as  regards  altitude  was  noticed  here  as  in  the  Yorkshire 
habitats.  In  both  districts  it  appears  to  be  confined  to  a  range  of  altitude  between 
1000  to  1100  feet  above  the  sea-level,  and  also  occupies  the  same  position  on  the 
mountain  limestone,  occurring  within  200  or  250  feet  of  its  base  both  in  Yorkshire 
and  Denbighshire.  The  fern  is  also  said  to  have  been  found  on  the  Eglwyseg 
rocks,  a  little  to  the  east  of  Llangollen/  about  four  miles  from  the  Craig  Arthur 
habitat  

On  the  "  Muffa  "  of  the  Sulphur  Springs  of  Valdieri  in  Piedmont. 
By  M.  Moggridge,  F.G.S. 

Muffa  is  found  in  those  springs  which  have  a  temperature  of  about  50?  Centi- 
grade. It  first  appears  as  tender  minute  filaments,  sort  and  floating,  of  a  greenish- 
white  colour.  It  soon  becomes  more  substantial,  changing  to  violet,  then  light- 
yellow,  and  finally  to  pale-preen. 

It  was  considered  by  Alhoni  to  be  Ulva  labyrinthiforrmSy  Linn.  In  1837  Fontan 
describes  it  as  composed  of  filaments  T  J^  to  -^  of  a  millimetre  in  diameter, 
tubular,  cylindrical,  simple,  devoid  of  septa,  containing  semiopake  globules,  collo- 
cated when  young,  separated  towards  the  ends  when  mature.  He  named  it  Sul- 
phuraria. 

Delponte  places  it  in  the  genus  Leptothrix,  Kiitz,  giving  it  the  trivial  name 
Valderia. 

The  microscope  reveals  spontaneous  movements,  caused  by  minute  animals,  con- 
sidered by  Defilippi  to  be  of  the  genera  Cryptophagus  and  Comurus. 

The  residuum  after  burning  was  28  per  cent. 

One  hundred  parts  of  pure  cinder  contained — 


Oxide  of  Potassium 15-271 

„        Sodium 11-637 

„        Calcium 7-938 

Magnesia 1-915 

Alumina 9-833 


Oxide  of  Iron  and  Manganese  24*162 

Chlorine 2-445 

Sulphuric  acid 9*232 

Phosphoric  acid 4*481 

Siliceous  acid 13*115 


Discovery/  of  Scirpus  parvulus  in  Ireland.     By  A.  G.  More,  FiLJS. 

The  author  found  Scirpus  parvulus  a  few  weeks  ago  growing  abundantly  in  some 
salt-marsh  creeks  bordering  on  the  north  side  of  the  river  Ovoca,  where  it  falls  into 
the  sea  at  Arklow.  The  station  of  the  plant  is  peculiar,  as  it  grows  quite  by  itself 
on  the  surface  of  the  soft  mud  which  is  overflowed  at  high  water,  and  where  no 
other  sea-side  plants  seem  able  to  secure  a  footing.  The  creeks  are  bordered  by  a 
luxuriant  vegetation  of  Jmwus  maritimus,  J.  Gerardi,  Poa  niaritima,  &c,  but  the 
author  did  not  find  Scirpus  parvulus  mixed  with  them  •  it  occurs  only  towards  the 
deeper  water  upon  the  soft  mud,  which  we  usually  find  quite  bare  of  vegetation  j 
and  it  was  from  observing  the  little  green  tufts  in  such  an  unusual  situation  that 
he  was  led  to  examine  them  more  closely,  when  the  spikes  of  a  Scirpus  left  no 
doubt  as  to  what  it  was. 

Scirpus  parvulus  is  truly  subaqueous  for  a  large  portion  of  its  existence,  and  shows 
some  resemblance  to  Isoctes  in  the  structure  of  its  stems,  which  grow  with  their 
lower  third  buried  in  the  mud,  and  are  cellular  and  transparent,  being  composed  of 
four  (or  rarely  five)  longitudinal  tubes  divided  at  intervals  by  numerous  trans- 
verse partitions.  Finding  among  authors  considerable  differences  of  opinion  as  to 
the  presence  or  absence  of  sheaths,  the  existence  of  leaves,  and  the  duration  of  the 
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root,  the  author  has  taken  some  pains  in  examining  many  specimens,  and  thinks 
lie  may  say  that  nearly  all  the  stems  are  sheathed  at  the  base  oy  a  very  thin  close- 
pressed  transparent  membrane,  which  is  always  to  be  Been  surrounding  the  rising 
stems,  and  which  the  author  is  disposed  to  think  may  have  fallen  or  decayed  away 
in  the  few  cases  where  he  did  not  see  it  on  the  adult  stem.  Further,  he  inferred 
that  these  sheaths  should  be  considered  to  represent  the  leaves,  and  that  the  so- 
called  leaves  are  only  barren  stems ;  and  certainly  these  outer  stems  do  not  sheathe 
the  inner,  as  occurs,  for  instance,  in  the  fronds  of  Isoetes,  but  each  rises  indepen- 
dently from  the  side  of  its  neighbour.  The  little  tufts  throw  out  numerous  white 
fibrous  roots,  and  also  very  slender  filiform  runners  ending  in  minute  tubers,  which 
he  believes  are  hybernacula,  and  serve  to  propagate  the  plant*.  Hence,  even  if  the 
tufts  die  away  annually,  the  tubers  will  still  remain  and  the  root  be  perennial. 

This  little  plant  seems  widely  scattered  along  the  coasts  of  Europe,  from  the 
Baltic  and  German  Ocean  in  the  north  to  the  Adriatic  in  the  soutn,  occurring 
especially  in  many  localities  on  the  western  coast  of  France,  but  is  everywhere  a 
rare  and  local  species,  and  is  said  to  be  more  abundant  in  some  seasons  than  at 
others.  In  England  it  has  not  been  gathered  since  1837,  when  the  Rev.  G.  E. 
Smith  collected  specimens  near  Lymington  in  Hants,  so  that  its  discovery  at  Arklow 
may  almost  claim  to  restore  to  the  British  flora  a  very  curious  and  interesting  species* 
Fresh  specimens  of  Scirpus  parvtdm  were  exhibited  to  the  Section. 


On  the  Difficulties  of  Darwinism.     By  the  Rev.  F.  0.  Morris. 

Mr.  Darwin's  first  work  on  '  Selection  by  Species '  is  alone  referred  to  in  this 
paper.  The  old  belief  was  that  a  species,  subject  indeed  to  variety,  was  a  separate 
land  of  itself,  and  had  so  continued  from  the  original  creation.  The  new  theory, 
viz.  that  so-called  species  are  not  descendants  of  originals  of  the  same  kind,  but 
the  offspring  and  offshoots  in  the  lapse  of  vast  ages  of  a  more  limited  number  of 
forms  by  process  of  natural  selection,  leads  to  the  startling  result  that  all  species, 
genera,  orders,  classes  had  one  common  source  of  being  in  some  one  first  parent. 
One  cause  imagined  to  operate  in  this  subdivision  of  species  is  an  internal  impulse 
acting  on  accidental  advantages  and  compelling  a  continued  change  in  the  form. 
It  is  quite  true  that  energies  of  the  mind  called  forth  by  exigencies  of  the  body  do 
produce  changes  and  improvements  in  the  body  for  a  time,  but  not  permanently, 
not  beyond  the  individual  concerned — as  in  the  case  of  the  blind,  whose  other  senses 
are  quickened  to  make  up  for  the  loss  of  sight.  Examples  were  given  of  the  adap- 
tation to  circumstances  in  their  case,  and  the  capacity  to  improve  the  condition  of 
the  individual  corporeally.  But  these  powers  only  serve  the  .occasion.  They  are 
not  permanent  or  nereditary. 

Again,  if  by  the  retention  of  accidental  advantages,  such  as  superior  strength, 
new  species  are  formed,  how  can  this  apply  to  insects  and  birds  only  distinguish- 
able by  colour,  and  with  few  gradations  in  relative  strength  P  If  the  strongest 
creatures  were  intended  to  prevail,  why  have  the  Dinotherium  and  Plesiosaurus 
and  Mammoth  perished  ?  If  insects  with  elaborate  organs  live  but  a  few  days  or 
weeks,  how  could  those  organs  have  been  produced  by  process  of  natural  selec- 
tion ?  If  there  was  only  one  species'at  first,  whence  and  why  that  diversity  of  plants 
suitable  for  the  food  of  various  species  ?  Why,  if  natural  selection  acts  for  the  good 
of  the  creature,  are  so  many  transmutations  of  a  downward  tendency  ?  Is  not  every 
variety  of  pigeon  a  pigeon  still,  and  so  of  the  horse,  ox,  dog  ?  May  not  each  species 
be  at  once  seen  in  the  variety  P  Was  the  primordial  form  both  male  and  female  P 
How  came  it  to  require  improvement  in  its  normal  condition  ?  Was  it  of  animal 
or  vegetable  nature  P  Why  do  lower  forms  exist  still  ?  Can  a  strong  or  handsome 
man  secure  the  transmission  of  his  strength  or  beauty,  wish  as  he  may  P  Yet  man 
is  the  highest  creature,  and  he,  if  any,  might  desire  to  benefit  his  offspring  by  per- 
petuating natural  advantages.  And  why  should  not  this  supposed  power  of  natural 
selection  avail  a  man  to  get  rid  of  disadvantages,  as  in  the  case  of  a  blind  person, 
or  otherwise  deficient  P  Why  the  retrogressions  and  degradations  seen  amongst 
mankind  P  Some  such  disadvantages  are  temporarily  hereditary,  and  no  volition 
can  remove  them.  If  the  power  of  selection  can  perpetuate  change  of  form,  why 

*  It  may  be  added  that  the  author  could  not  discover  any  ripe  seed  early  in  October. 
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cannot  it  alter  the  ordinary  condition  P  Daedalus  could  not  throw  out  wings  with 
a  wish.  What  power  would  favoured  individuals  of  any  species  have  over  atmo- 
spheric and  other  causes  that  sweep  off  the  rest,  leaving  those  born  earlier  or  later 
to  survive  ?  How  do  both  parents  obtain  the  same  improved  condition  at  once  ? 
Do  the  creatures  trouble  themselves  about  their  offspring  P 

With  regard  to  the  reversion  of  varieties  to  their  original  forms;  which  Mr. 
Darwin  doubts,  is  not  the  pansy  an  example  of  the  difficulty  of  keeping  varieties 
distinct  ?  and  so  with  other  flowers  which  nave  a  tendency  to  revert  to  their  inferior 
originals. 

After  touching  on  various  other  difficulties,  the  questions  were  put, — Whence  do 
birds  derive  the  migratory  impulse  P 

Again,  the  great  object  of  numberless  creatures  is  the  mere  perpetuating  of  their 
kind,  which  is  no  sooner  attained  in  the  last  and  briefest  stage  of  existence  of  the 
majority  of  insects  than  they  die,  leaving  their  progeny  to  the  same  course  of  long 
existence  in  the  egg,  caterpillar,  and  chrysalis  state,  and  then  for  a  similar  destruc- 
tion to  follow  immediately  on  the  deposit  of  their  eggs.  There  is  no  time  for  the 
supposed  exercise  of  natural  selection.  They  are  born,  lay  their  eggs,  and  die, 
having  been  dormant  in  the  egg  and  chrysalis  states.  They  can  only  eneigize  in 
the  imperfect  caterpillar  stage.  And  what  thought  can  the  caterpillar  take  for 
improving  its  condition  in  the  imago  state  P  Only  the  perfect  insect  could  desire 
a  cnange,  but  the  perfect  insect  has  no  wants  to  supply,  and  therefore  can  wish  for 
no  change. 

Why  do  no  characteristics  of  the  earliest  forms  sometimes  show  themselves  in 
animals  of  the  present  day  P 

The  author  Delieves  that  the  multiplication  of  races  is  limited,  not  by  their 
warring  against  each  other,  but  by  laws  of  nature  inscrutable  to  us. 


On  the  Zoological  Aspect  of  Game  Laws. 
By  Professor  Alfred  Newton,  M.A.,  F.L.S. 

The  term  "  Game  Laws  "  seems  to  express  most  conveniently  all  those  regula- 
tions which  have  been  adopted  in  various  countries  to  control  the  relation  of  man 
to  wild  animals,  and  in  this  sense  the  phrase  is  here  used. 

The  subject  of  the  destruction  of  animals  is  rarely  discussed  in  the  public  prints 
without  great  exaggeration,  and  the  most  one-sided  views  of  the  question  are  con- 
stantly presented.  Some  advantage,  however,  has  arisen  from  the  attention  of 
the  public  having  been  called  to  the  question.  The  most  effectual  protection  to 
animals  is  that  afforded  by  public  opinion.  A  most  striking  instance  or  its  influence 
is  that  presented  by  the  fox.  Not  much  more  than  a  century  ago,  the  British 
farmer  was  only  induced  to  permit  the  galloping  of  horses  and  hounds  over  his 
corn  by  the  reflection  that  tney  were  doing  nim  a  great  service  in  ridding  him  of 
a  pestilent  marauder,  and  he  would  hear  with  grim  satisfaction  that  the  scourge 
of  nis  wife's  hen-roost  had  been  run  into,  or  he  would  willingly  at  a  vestiy-meeting 
pass  the  churchwardens*  accounts  giving  rewards  for  the  destruction  of  a  vixen 
and  her  cubs  among  other  so-called  vermin.  Now-a-days  the  British  farmer  is 
generally  in  the  first  flight  of  the  horsemen,  and  the  fox  has  no  friend  so  staunch. 
A  similar  change  in  public  opinion  with  regard  to  other  wild  animals  is  most 
desirable.  The  public  should  feel  that  they  nave  an  interest  in  the  protection  of 
wild  animals,  especially  during  the  season  of  reproduction.  The  decrease  of  these 
animals,  however,  is  often  attributed  to  secondary  causes,  and  not  to  direct 
slaughter.  Man  had  no  great  spite  against  the  Bustard  or  the  Great  Copper 
Butterfly^  but  both  have  been  extirpated  within  living  memory — the  latter  pro- 
bably owing  to  the  drainage  of  the  fens,  though  the  precise  mode  in  which  its 
extinction  has  been  accomplished  is  not  exactly  known.  Both,  however,  might 
possiblv  have  been  preserved  by  a  little  judicious  care.  At  any  rate,  if  the  progress 
of  civilization  unconsciously  demands  some  few  victims,  we  should  abstain  from 
wilfully  adding  to  their  number.  Mr.  Tristram  contended,  at  the  last  Meeting  of 
the  Association,  that  birds  of  prey  were  the  sanitary  police  of  nature,  and  that  if 
they  had  existed  in  their  original  strength  they  would  have  "stamped  out"  the 
grouse  disease,  just  as  the  Orders  in  Council  " stamped  out"  the  cattle-plague. 
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Hawks,  by  preference,  make  sickly  birds  their  quarry.  In  Norfolk  there  is  nd 
moor  game,  and  therefore  no  grouse  disease.  But  the  game-preservers  of  the 
county  believe  that  their  stock  of  pheasants  and  partridges  is  materially  increased 
by  the  destruction  of  everything  which  they  are  pleased  to  call  vermin.  Now 
the  abundance  of  game  has  but  little  to  do  with  the  scarcity  of  birds  of  prey,  and 
in  some  foreign  countries  the  existence  of  numerous  birds  of  prey  is  a  pledge  of  the 
plentifulness  of  game.  Owls  are  undoubtedly  the  game-preserver's  best  friends. 
His  most  serious  foe  is  the  rat,  and  owls  consume  more  rats  and  mice  than  any 
other  description  of  food,  an  assertion  proved  by  the  investigations  of  Dr.  Altum 


(Journ.  fur  Orn.  1863,  pp.  41-46, 1864,  pp.  429-434 ;  Ber.  xiv.  Versamml.  D.  O.  G. 
pp.  30-34,  and  Zool.  Gart.  1867,  op.  262-266)  and  others.  So  with  regard  to 
polecats,  stoats,  and  weasels.     With  reference  to  sea-fowl,  a  certain  amount  of 


sentiment  may  be  confessed.  No  animals  are  so  cruelly  persecuted.  At  the 
breeding-season  they  come  to  our  shores,  throwing  aside  their  wary  and  suspicious 
habits,  and  sometimes  settling  far  inland.  No  one  has  ever  complained  of  them  as 
injurious,  as  raising  the  price  of  herrings,  sprats,  or  oysters.  Yet  excursion  trains 
convey  tne  "sportsmen  '  of  London  and  Lancashire  to  the  Isle  of  Wight  and 
Flamborough  Head,  for  the  purpose  of  destroying  these  harmless  birds.  Each  bird 
shot  was  a  parent,  and  its  young  were  thus  exposed  to  death  from  hunger.  Gould 
men  blaze  away  hour  after  hour  at  those  wretched  birds  without  being  morally  the 
worse  for  it?  We  thank  God  that  we  are  not  as  Spaniards,  gloating  over  the 
brutality  of  bull-fights,  whilst  we  forget  the  agony  inflicted  on  thousands  of  innocent 
birds  on  our  coasts  to  which  that  of  a  dozen  horses  and  bulls  in  a  ring  is  as  nothing. 
The  enormous  demand  for  the  feathers  of  sea-fowl  by  the  modern  fashion  of  ladies' 
hat  plumes  has  added  to  this  cruel  destruction. 

The  legislative  appointment  of  a  "  close  time,"  to  be  proclaimed  by  the  local 
authorities,  during  which  the  mere  carrying  of  a  gun  should  be  an  offence,  is  abso- 
lutely necessary.  This  plan  has  been  adopted  in  several  countries,  including  some 
of  the  most  democratic,  as  shown  by  the  Game  Laws  of  Switzerland,  Norway,  the 
United  States  of  America,  and  several  British  colonies.  The  question  is  one  wholly 
unconnected  with  party  politics,  and  it  should  be  so  regarded.  If  the  present  state 
of  things  continues  much  longer,  far  greater  changes  will  take  place  with  regard  to 
the  fauna  of  this  country  than  most  persons  suspect,  and  they  will  be  changes  for 
which  the  zoologists  of  future  generations  will  not  thank  us. 


On  a  new  Eschara  from  Cornwall,     By  C.  W.  Peach,  A.L.S. 

Eschara  verrucosa ,  Peach. — In  1848  the  author  obtained  this  Coral  from  Lan- 
tivet  Bay  near  Fowey,  and  at  the  time  gave  it  a  slight  examination  only,  as  he  left 
that  part  soon  after  it  was  packed  up  and  remained  so  until  a  few  days  ago,  when 
it  turned  up,  and  on  careful  examination  proves  new  to  the  British  list. 

Polyzoary  buff-coloured,  dichotomously  branched;  branches  cylindrical  androu^h. 
Cells  deeply  immersed ;  older  ones  verjr  much  roughened  all  round  by  knob-like 
pitted  eminences,  at  times  almost  covering  the  cells;  the  mouth  moderately  large, 
rounded  above  this  part  in  the  young,  with  five  perforations  as  if  spines  had  been 
broken  off.  Lower  part  of  mouth  straight  On  one  side  of  each  cell,  a  little  below 
the  lower  lip,  not  anvays  on  the  same  side,  is  a  raised  avicularium,  perforated  on 
the  top  with  a  triangular  opening,  from  which  springs  a  gold-coloured  bayonet- 
shapea  vibraculum.  The  young  cells  are  raised  and  smooth.  As  it  differs  from  all 
the  oranched  British  Corals  known  to  the  author,  he  has  named  it  Eschara  verru- 
cosa, from  its  rough  appearance. 

Unfortunately  it  was  broken  from  its  attachment ;  it  was,  however,  quite  fresh. 
The  fragment  is  }  inch  in  height,  spread  of  branches  about  the  same,  oreadth  of 
stem  and  branches  about  one-tenth  of  an  inch. 


On  the  Structural  Peculiarities  of  certain  Sapindaceous  Plants, 
By  Professor  Radlkofer. 

The  ordinary  mode  of  growth  of  the  stem  of  dicotyledonous  plants  is  by  the 
continual  addition  of  a  cylindrical  layer  of  tissue  between  the  bark  and  wood,  a 
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new  stratum  of  wood  being  formed  by  the  cambium  outside  the  old  wood,  and  a 
new  stratum  of  bark  on  the  inside  of  the  full-grown  bark.  From  this  ordinary 
mode  there  are  occasional  deviations.  In  a  former  paper  I  directed  the  attention 
of  botanists  to  one  exception  in  the  case  of  Menispermaeeae,  where  at  the  end  of 
every  three  or  four  years  the  cambium  becomes  inactive,  and  a  new  one  is  formed 
outside  of  the  bast. 

Having  been  for  some  time  engaged  in  the  systematic  study  of  the  difficult  tribe 
of  Sapindacese  (the  "crux  Botanioorum"),  I  have  had  abundant  opportunitie*  of 
examining  the  structural  peculiarities  of  this  most  interesting  tribe  of  plants,  the 
small  branches  of  herbarium  specimens  exhibiting  the  same  peculiarities  which 
strike  observers  with  so  much  surprise  in  large  trunks. 

I  do  not  propose  at  present  to  explain  in  detail  the  development  of  these  irregu- 
larities in  Sapindacese,  nor  to  trace  their  relations  to  otner  families,  such  at 
Bignoniaceaa,  MalpighiaceaB,  &c.  My  object  is  to  state  as  briefly  as  possible  the 
most  remarkable  modifications  of  wood  structure  which  I  have  observed.  To  enter 
into  details,  it  would  be  necessary  to  have  the  specimens  themselves  at  hand, 
but  it  would  not  have  been  possible  to  bring  witn  me  the  numerous  materials 
which  I  have  had  from  the  Berlin,  Vienna,  Copenhagen,  St.  Petersburgh,  and  other 
Herbaria. 

The  two  genera  in  which  I  have  observed  anomalous  stem-structure  are  Serjamm 
and  PavUinia,  and  in  both  normal  stems  also  occur.  In  Paulhma  I  have  noticed 
only  one  type  of  irregularity  with  some  slight  modifications,  and  as  the  same  type 
with  nearly  the  same  modifications  is  found  in  Serfania,  I  shall  confine  my  remarks 
to  the  latter  genus. 

If  we  examine  transverse  sections  of  young  branches  (one  to  three  years  old)  of 
Serjajiia,  we  seldom  find  a  circular  wood.  In  most  species  it  is  angular,  trigonal 
or  pentagonal.  In  some  species  the  angles  are  very  prominent,  so  that  the  wood 
is  deeply  furrowed,  or,  what  is  yet  more  striking,  the  angles  become  detached  from 
the  centre,  so  that  the  wood  is  compound. 

Different  kinds  of  compound  wood  occur  in  different  species.  There  may  be  as 
many  peripheral  detached  parts  as  there  are  angles,  or  there  may  be  fewer,  some- 
times only  one ;  or  again,  there  may  be  more,  often  as  many  as  eight  or  ten  nearly 
touching  one  another,  so  as  to  form  a  ring  round  the  central  wood.  The  peripheral 
parts  may  be  either  cylindrical  with  the  stem  indented,  or  the  parts  may  be  flattened 
in  different  degrees,  and  in  the  latter  case  the  stem  is  smooth,  without  any  indica- 
tion of  the  internal  irregularity. 

Besides  all  these  modes  of  irregularity,  there  is  yet  another  which  cannot  be 
brought  into  connexion  with  them,  and  which  I  have  not  seen  anywhere  described. 
It  consists  in  the  wood  being  split  by  radial  divisions  into  five  nearly  equal  portions. 
This  I  call  divided  wood. 

We  can  thus  distinguish  in  different  species  of  Serjania,  round  wood,  poly- 
gonal wood,  furrowed  wood,  compound  wood,  with  as  many  or  more  parts 
than  there  are  angles,  and  finally  divided  wood.  Now  I  have  found  that  in  each 
species  of  Serjania  and  Paullinia  the  form  of  stem  is  constant,  provided  the  obser- 
vation be  made  in  the  right  place,  namely  about  the  middle  of  the  branch,  and  not 
at  the  lower  part  near  its  origin,  where  the  different  parts  of  the  compound  and 
divided  wood  are  commonly  united  into  one  single  wood.  The  section  must  also 
not  be  made  immediately  below  a  leaf;  for  there  the  number  of  peripheral  parts  is 
frequently  diminished  by  their  union  with  the  central  wood.  The  neglect  of  these 
precautions  has  led  to  the  belief  by  former  observers  that  there  is  no  constancy  in 
each  species.  There  is,  however,  certainly  such  constancy,  and  as  it  is  now  for  the 
first  time  pointed  out,  I  desire  particularly  to  direct  attention  to  it,  as  well  as  to  the 
further  fact,  that  the  structure  of  the  wood  corresponds  closely  with  the  specific 
characters  derived  from  the  flower  and  fruit,  so  that  groups  of  species  formed  from 
the  wood-structure  will  be  nearly  identical  with  those  based  on  flower  and  fruit- 
structure,  and  may  therefore  be  considered  as  quite  natural. 

It  would  lead  me  too  far  were  I  to  attempt  to  lay  before  you  an  abstract  of  these 
natural  groups  thus  formed.  They  will  appear  in  a  general  work  which  I  am 
publishing  on  Sapindacese,  where  they  will  be  accompanied  by  the  necessary  plates. 
I  may  mention  here,  that  the  grouping  of  the  species  of  PtotUma  and  Serjania 
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by  the  form  of  the  leaves,  the  only  method  hitherto  tried;  is  in  no  way  natural,  and 
is  therefore  of  no  value.  By  the  careful  study  of  the  stem-structure  I  hope  that  it 
will  in  future  not  be  more  difficult  to  determine  the  species  of  these  two  now  so  very 
confused  genera,  than  those  of  Saxifraga  or  any  other  very  large  genus.  It  is  to  be 
regretted  that  the  earlier  botanists  nave  never  in  their  descriptions  or  figures  given 
any  particulars  of  the  structure  of  the  stem.  Had  they  done  so,  many  mistakes 
would  have  been  avoided.  For  example,  it  would  never  have  been  possible  to 
confound  the  Serjania  triternata  of  Willdenow  with  the  PauUinia  curassavica  of 
Jacquin,  or  the  Serjania  hipulina  of  Schumacher,  as  has  so  often  been  done.  The 
only  instance  in  which  I  have  met  with  a  recognizable  figure  of  stem-structure  in 
the  copious  literature  of  Sapindacese  is  in  Pavon's  figure  of  his  SemarUlaria  alata, 
the  PauUinia  alata  of  Don. 

There  is  yet  another  structural  peculiarity  which  will  probably  afford  a  good 
character  for  distinguishing  the  species  of  Serjania,  which  I  find  nowhere  noticed. 
It  is  the  epidermis  of  the  leaves,  which  in  some  species  is  formed  of  what  is  called 
"  CoUenchyma,"  like  the  epidermis  of  the  seeds  of  Linum.  My  observations  on 
this  point  Being  still  in  progress,  I  content  myself  here  with  the  mere  notice  of  the 
fact.  

On  the  Extinction  of  the  Cheat  Bustard  in  Norfolk  and  Suffolk. 
By  H.  Stevenson,  F.L.S. 

After  referring  to  some  very  early  allusions  to  the  existence  of  the  bustard  in 
this  country,  ana  to  the  gradual  diminution  and  extinction  of  the  species  in  the 
different  English  counties,  the  author  said  that  Norfolk  was  the  last  county  to 
reckon  the  bustard  amongst  its  resident  species.  The  two  latest  "  droves  "  "had 
their  headquarters  in  the  open  country  round  Swaffham  and  in  that  near  Thetford. 
The  Swaffnam  drove  formerly  consisted  of  twenty-seven  birds,  but  the  number 
subsequently  decreased  to  seventeen,  sixteen,  ana  eleven,  and  finally  dwindled 
down  to  five  and  two.  All  accounts  agreed  in  stating  that  the  last  remaining  birds 
were  hens.  One  great  cause  of  the  extinction  of  the  bird  was  the  introduction  of 
improved  agricultural  implements,  which  destroyed  the  eggs.  The  precise  time  of 
extinction  could  not  be  determined  with  accuracy.  The  last  known  specimens 
were  seen  about  the  year  1838 ;  but  it  had  been  stated  that  some  of  the  birds  had 
lingered  on  till  1843  or  1845.  The  other  drove,  near  Thetford,  consisted  of  thirty 
or  forty  birds ;  but  the  number  gradually  declined  to  twenty-four,  eighteen,  fifteen, 
nine,  seven,  six,  five,  and  two,  the  last  survivors  being  hens  only.  Some  persona 
suppose  that  the  bird  could  be  taken  by  dogs,  but  this  was  not  confirmed  by  the 
testimony  of  trustworthy  eye-witnesses.  The  author  referred  to  the  local  distribu- 
tion of  the  bustard  in  the  county,  and  to  the  appearance  of  occasional  immigrants 
from  the  Continent.  

On  the  Tusks  of  the  Walrus.     By  Dr.  Otto  Torrell. 


Notes  on  the  Flora  and  Fauna  of  the  Seychelle  group  of  Islands. 
By  Professor  E.  Perceval  Wright,  M.D. 


Anatomy  and  Physiology. 


On  certain  Effects  of  Alcohol  on  the  Pulse. 
By  Francis  E.  Anstle,  M.D. 

The  author  described  certain  effects  of  alcohol  upon  the  pulse  which  he  had  ob- 
served with  the  aid  of  Marey's  sphygmograph.  This  instrument,  which  writes  the 
form  of  the  pulse- waves  upon  paper  or  smoked  glass,  has  recently  been  rendered 
more  exact  m  its  indications  by  the  application  of  a  principle  originated  by  Dr. 
13urdon-Sander8on,  by  which  the  precise  weight  witli  which  the  tactile  spring 
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presses  upon  the  pulsating  artery  may  be  calculated  in  grammes.  The  subject  of 
the  author's  researches  was  the  febrile  pulse  of  typhus  and  other  fevers,  and  of 
pneumonia  and  some  other  acute  inflammations.  In  all  these  diseases  the  arterial 
tension  is  lowered  throughout  the  period  of  fevers  and  elevated  temperature.  ^  The 
pulse-curve  always  becomesdicrotoua :  instead  of  the  wave  beingslightly  three-pointed, 
it  presents  only  two  elevations  with  a  gap  or  notch  between  them,  which  is  more  or 
less  deep  in  direct  ratio  with  the  violence  of  the  febrile  symptoms  and  the  lowering 
of  arterial  tension.  When  alcohol  acts  favourablv  (as  indicated  by  the  decline  of 
temperature,  slowing  of  the  pulse,  and  cessation  of  delirium  or  stupor),  it  is  univer- 
sally found  that  the  pulse-curve  becomes  less  dicrotous  [elevated  tension]  ;  on  the 
contrary,  when  alcohol  confuses  the  intellect  and  aggravates  the  feverishness,  the 

Sulse-trace   is    invariably  rendered    more  markedly  dicrotous,  the    notch  being 
eepened  [lowered  tension].     It  is  therefore  of  first-rate  importance,  when  we  are 
in  doubt  as  to  the  propriety  of  administering  alcohol  in  fevers  or  inflammation,  to 

five  an  experimental  dose,  taking  comparative  sphygmographic  traces  before,  and 
6  minutes  after  the  administration.  If  arterial  tension  has  been  increased,  the 
alcohol  may  be  confidently  continued ;  if  it  has  been  diminished,  the  alcohol  must 
be  at  once  diminished  or  altogether  discontinued,  for  the  experimental  dose  has 
acted  as  a  depressant. 

The  above  rules  are  chiefly  applicable  to  the  cases  in  which  the  pulse  is  of  a 
certain  volume,  and  its  sphygmographic  curves  are  large.  But  there  are  many 
cases  in  which  the  pulse  is  small,  although  it  presents  all  the  true  dicrotism  of  the 
febrile  pulse.  It  is  then  of  great  consequence  to  ascertain  whether  the  smallness 
of  the  pulse  is  due  to  impairment  of  the  heart-power ;  and  the  new  arrangement 
for  the  graduation  of  spring-pressure  enables  us  to  do  this  with  great  ease.  We 
discover,  namely,  the  exact  amount  of  spring-pressure  under  which  the  pulse- 
curves  are  produced  of  the  maximum  size.  If  the  pressure  required  to  develope  the 
maximum  curve  be  as  much  as  200  or  250  grammes,  this  indicates  a  good  amount 
of  heart-power;  if,  on  the  contrary,  the  maximum  curve  be  obtained  with  a 
pressure  of  only  100  to  120  grammes,  we  may  be  sure  the  heart  is  decidedly  feeble ; 
and  it  is  preeminently  a  case  for  the  administration  of  alcohol. 

Such  are  the  empirical  facts  which  the  author  has  established  by  an  experience 
of  many  hundred  cases  of  fever  and  inflammation.  The  physiological  explanation 
of  them  is  by  no  means  so  certain.  Is  the  elevation  of  arterial  tension  which  is 
certainly  produced  by  a  dose  of  alcohol  which  (under  the  circumstances)  acts  as  a 
reviving  stimulant,  while  it  simultaneously  reduces  the  feverishness,  brought  about 
by  a  stimulation  of  the  vaso-motor  nerves,  causing  contraction  of  the  arterioles  ? 
Or  is  it  produced  by  a  stimulation  of  the  vagus,  whose  central  power  over  the 
heart  it  increases  P  Or  does  it  act  by  a  general  stimulation  of  the  spinal  cardiac 
centres,  which  also  might  antagonize  the  excessive  action  of  the  heart  ?  The 
author  is  of  opinion  that  stimulation  of  the  sympathetic  is  at  any  rate  the  earliest, 
and  probably  throughout  the  chief,  part  of  the  effect  of  alcohol  on  the  circulation. 
On  the  other  hand,  Professor  Behier  of  Paris  (who  has  also  observed  with  the 
sphygmograph  the  remarkable  effects  of  alcohol  upon  the  pulse  in  acute  disease), 
while  admitting  the  extreme  complexity  of  the  proolem,  is  more  inclined  to  believe 
that  stimulation  of  the  central  power  of  the  vagus  has  the  principal  share  in  the 
tonic  and  slowing  effects  of  alcohol  upon  the  circulation. 


On  the  Generation  of  White  Blood-corpuscles.     By  Dr.  Behieb. 


On  Electrolysis  in  the  Mouth. 
By  W.  Kencelt  Bridgman,  L.D.S.,  B.C.S.  Lond. 

About  six  years  ago  the  author  obtained  the  Tomes  Gold  Medal  of  the  Odon- 
tological  Society  of  Great  Britain  for  a  prize  essay  on  the  Pathology  of  Dental 
Canes.  The  theory  on  which  the  essay  was  founded  was  Electrolysis,  and  was 
accompanied  by  various  preparations  demonstrating  the  effects  of  electric  action 
upon  organic  matter,  together  with  the  electro-decalcification  of  enamel  and  dentine, 
and  the  transference  ofthe  lime-salts  to  the  negative  electrode  or  cathode.    The 
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illustrations  were  accepted  as  highly  satisfactory  j  but  the  theory  itself,  being 
somewhat  novel  in  relation  to  physiology,  has  remained  altogether  unappreciated 
by  the  profession.  The  object  of  the  present  paper,  therefore,  was  to  bring  forward 
a  case  of  similar  action  occurring  in  situ,  in  connexion  with  the  teeth,  which  should 
afford  a  more  decisive  illustration  of  the  fact  of  electrolysis  having  taken  place  in 
the  mouth  under  corresponding  circumstances,  and  the  elements  of  the  tooth  sub- 
stance having  become  so  disposed  of.  The  proof  tendered  was  as  follows :— On 
removing  a  ligature  of  silk  twist  which  had  Deen  placed  upon  some  upper  front 
teeth,  a  deep  groove  was  found  to  have  been  formed  in  the  enamel  along  its  entire 
course  j  at  the  same  time  the  fibres  of  the  silk  had  become  matted  together  with 
an  incrustation  of  crystals  of  lime,  showing  an  unmistakeable  case  of  electrolvtic 
transfer,  in  which  the  lime-salts  of  enamel  had  been  dissolved  and  recrystalhzed 
upon  the  silk. 

In  the  theory  of  dental  decay  by  electrolysis,  particles  of  charcoal  arising  from 
eremacausis  or  slow  combustion,  which  like  the  silk  are  electro-negative,  are  re- 

S  resented  as  playing  the  same  part  with  the  enamel  and  dentine  as  the  silk  had 
one  in  the  present  instance ;  but  it  was  also  stated  that  pressure,  rendering  the 
part  non-homogeneous,  was  equally  capable  of  producing  a  negative  centre  from 
which  local  galvanic  action  would  arise.  The  characters  peculiar  to  decayed 
dentine  are  its  entire  decalcification  and  absence  of  lime  solution,  but  having  in 
its  stead  an  abundance  of  free  acid — two  features  which  all  other  theories  are 
incapable  of  accounting  for.  If  a  piece  of  ivory  be  placed  for  a  few  days  in  water 
under  the  electrodes  of  a  small  sustaining  battery,  the  spot  beneath  and  around  the 
anode,  or  positive  electrode,  will  be  found  to  have  become  decalcified,  softened,  and 
strongly  acid,  just  as  these  conditions  occur  in  natural  decay.  In  addition  to  this,  the 
lime  will  be  transferred  to  the  cathode  in  the  same  manner  as  it  was  to  the  silk,  a  fact 
which  affords  the  only  intelligible  explanation  of  the  formation  of  tartar  yet  offered. 
Tartar  may  be  thrown  down  from  the  saliva  as  an  electro-deposit  j  it  is  repelled  by 
the  electro-positive  crown  of  the  tooth,  but  adheres  to  the  electro-negative  root  at 
its  neck.  This  polar  condition  of  the  tooth,  illustrated  in  the  different  modes  of 
growth  between  the  crown  and  the  root,  is  referred  to  as  a  very  important  character, 
and  one  to  be  well  considered ;  for  all  remedial  and  reparatory  measures,  to  be 
successful,  must  be  in  harmony  with  such  an  arrangement. 

On  the  Connexion  between  Chemical  Constitution  and  Physiological  Activity. 
By  Dr.  A.  Cbxjic  Brown. 

Is  the  Eustachian  Tube  Open  or  Shut  in  Swallowing  ?  * 
By  Professor  Cleland,  M.D. 

Professor  Cleland  pointed  out  that  in  ordinary  circumstances  the  tube  is 
really  open,  and  not  shut  as  was  taught  by  Mr.  Tovnhee.  In  support  of  this  state- 
ment he  mentioned  that  he  had  had  the  opportunity  of  seeing  the  orifice  of  this 
tube  in  a  patient  with  a  limited  ulcer  of  the  palate,  and  that  he  had  made  this 
patient  swallow  with  his  mouth  open,  and  had  the  satisfaction  of  demonstrating  to 
several  pupils  that  the  Eustachian  orifice  was  then  momentarily  closed.  He  pro- 
ceeded to  take  up  the  anatomical  part  of  the  subject  and  showed  that  the  disposi-^ 
tion  of  the  palatal  muscles  was  m  harmony  with  this  observation,  and  such  as  to 
render  Mr.  Toynbee's  theory  untenable. 

On  Flukes  from  the  Indian  Elephant.    By  Dr.  Cobbold,  F.R.8. 

The  object  of  this  communication  was  to  prove  (from  specimens  forwarded  by 
Vet. -Surgeon  J.  Thacker,  through  Dr.  Cleghorn)  that  the  trematode  worms  in 
question  were  referable  to  the  genus  Fascioui,  constituting  a  new  species,  which, 
as  such,  had  never  hitherto  been  properly  described.  He  proposed  to  name  it  after 
Dr.  Jackson  of  Boston,  U.S.j  thus  Fascioia  Jacksonii,  Cobbold = Ditiomum  elephantis 
of  Jackson  and  Diesing.  

*  This  paper  is  published  in  the  Journal  of  Anatomy  and  Physiology,  November  1808. 

1808.  "  8 
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On  the  Relative  Weight  and  Form  of  the  Eye  and  Colour  of  the  Iris  in  Vertebrate 
Animals.    By  Edwards  Crisp,  MJ>. 

This  paper  on  the  relative  weight,  form,  and  colour  of  the  eye  in  the  vertebrate 
was  illustrated  by  drawings  and  casts  of  tne  eye  of  more  than  1000  animals.  The 
&yo8  of  600  animals,  quadrupeds,  birds,  reptiles,  and  fishes,  filled  with  plaster  of 
I*aris,  and  coloured  Dy  the  author  after  nature,  were  also  exhibited  with  wax  casts  of 
the  eye  and  muscles  of  the  Lion,  Elephant,  Giraffe,  Walrus,  and  Whale.  According 
to  the  author,  brown  was  the  prevailing  colour  of  the  eye  in  all  mammals,  birds, 
and  reptiles;  whilst  in  fishes  yellow,  yellow-brown  and  whitish-yellow  were  the 
most  frequent  hues.  Fishes  have  proportionately  the  largest  eyes  among  the  ver- 
tebrate, and  among  the  land-quadrupeds  the  Giraffe,  Horse,  Eland,  Elk,  and  Bison 
have  the  visual  organ  of  the  greatest  size.  The  preparations  of  the  eye  were  in- 
tended to  show  the  great  advantage  of  the  use  of  plaster  of  Paris  in  certain  anato- 
mical preparations,  a  method  first  made  known  by  the  author  at  the  Meeting  of  the 
Association  at  Bath  in  1864,  and  at  the  Zoological  Society  of  London  in  1853. 

On  some  Points  relating  to  the  Visceral  Anatomy  of  the  Thyladnua. 
By  Edwards  Crisp,  M.D. 

The  author  in  this  paper  on  the  intestinal  canal  of  the  Tkyladmis  (Tasmanian 
wolf),  said  he  was  the  first  to  notice  it  in  1864.  A  male  and  female  sent  over  in 
spirits  had  been  recently  dissected,  and  in  the  stomach  of  the  male  a  marsupial, 
weighingabout  two  pounds,  was  found,  with  the  skin  nearly  entire  and  many  of  the 
bones.  The  animal  nas  the  most  remarkable  alimentary  canal,  according  to  the 
author,  of  any  animal  in  existence.  It  barely  exceeds  twice  the  length  of  tne  body, 
and  is  covered  with  villi  so  as  to  extend  the  absorbing  surface — a  beautiful  and 
wise  provision  in  an  animal  that  travels  long  distances  for  its  food.  The  duodenum 
close  to  the  pylorus  is  thickly  studded  with  slender  villi ;  these  become  larger,  and 
are  more  closely  packed  in  the  central  part  of  the  tube,  and  extend  to  about  18 
inches  from  the  anal  opening.  They  resemble  somewhat  the  villi  in  the  small 
intestines  of  the  Rhinoceros  and  those  in  the  third  stomach  of  the  Hippopotamus, 
*  as  was  shown  in  various  drawings  to  the  Section. 

On  the  Intestinal  Canal  and  other  Viscera  of  the  Gorilla. 
By  Edwards  Crisp,  M.D. 

The  author  in  this  paper  compared  the  visceral  anatomy  of  the  Gorilla,  Chim- 
panzee, and  Orang  with  that  or  Man.  The  paper  was  illustrated  by  numerous 
drawings,  and  a  model  of  the  viscera  of  the  Gorilla.  Two  of  these  apes  (Gorillas), 
a  young  one  and  an  adult,  the  author  had  examined,  the  last  named  oy  permission 
of  the  Council  of  the  Royal  College  of  Surgeons.  The  subjoined  were  some  of  his 
conclusions : — That  the  thoracic  and  abdominal  viscera  of  the  Gorilla  generally 
differ  considerably  more  from  those  of  Man  than  the  same  parts  in  the  Chim- 
panzee and  Oranp ;  and  looking  to  many  other  brutal  characters  in  this  animal  the 
line  of  demarcation  between  it  and  Man  is  so  wide  and  definite  that  we  may  dis- 
claim all  relationship  with  him  and  his  four-handed  colleagues.  Among  the  dif- 
ferences pointed  out  in  the  visceral  anatomy  of  the  Gorilla,  were  the  enormous 
capacity  of  the  caecum  and  large  intestines,  the  peculiar  glandular  structure  of  the 
former,  and  especially  the  tripartite  division  of  the  liver.  Comparisons  were  made 
between  the  length  of  the  intestinal  canal  of  this  ape  and  that  of  Man,  the  Orang, 
Chimpanzee,  and  many  of  the  lower  auadrumana.  The  intestinal  tube  of  the  adult 
Gorilla  measured  34  feet  7  inches  in  length,  that  of  the  young  animals  (aged  about 
12  months)  13  feet  9£  inches. 

On  Vitality  as  a  Mode  of  Motion.     By  Dr.  Thompson  Dicxson. 

On  the  Power  of  Utterance  in  respect  to  its  Cerebral  Bearings  and  Causes. 

By  R.  Dttxn. 
Viewing  the  faculty  of  speech  as  an  instrument  of  thought  and  language,  as  the 
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minister  and  interpreter  of  the  thoughts,  feelings,  and  emotions  of  the  mind,  the 
author  maintained  that,  in  all  cases  of  loss  of  speech  which  are  of  cerebral  origin^ 
there  is  involved  either  structural  change  or  functional  derangement  in  the  nervous 
apparatus  of  the  intellectual  consciousness.  The  author  briefly  narrated  two  illus- 
trative cases  out  of  a  number  which  had  come  under  his  observation,  one  of  struc- 
tural change,  and  the  other  of  functional  derangement,  both  of  striking  significance. 
But  the  point  which  he  wished  especially  to  impress  upon  every  physiological 
psychologist  was  this,  viz.  that  the  power  of  giving  utterance  to  our  thoughts  and 
ideas  in  appropriate  language  depends  upon  the  due  relation  being  maintained  in 
its  integrity  between  the  centres  of  intellectual  action  and  the  encephalic  motor 
centres  through  which  the  volitional  power  is  exercised  in  articulate  speech — in 
other  words,  between  the  cerebral  hemispheres  and  the  corpora  striata.  For 
thoughts  and  ideas  might  be  moulded  for  expression  in  the  seat  of  intellectual 
action,  but  the  agency  of  the  will  or  volitional  power  to  give  them  utterance  re- 
quires the  integrity  of  the  motor  centres,  through  which  the  volitional  impulses 
operate  on  speech.  The  author  said  a  special  cerebral  organ  had  been  assigned  to 
the  faculty  of  speech,  and  that  the  illustrious  Gall  was  the  first  to  locate  it  in  the 
anterior  lobes  of  the  brain.  Since  his  time  the  subject  had  undergone  much  dis- 
cussion in  France,  and  conflicting  evidence  had  been  adduced.  He  adverted  to  the 
hypothesis  of  Dr.  Dax,  that  the  left  hemisphere  of  the  brain  was  its  exclusive  seat, 
but  to  which  he  could  not  subscribe.  The  brain  is  a  double  organ ;  the  functions 
of  both  hemispheres  are  identical,  in  harmonious  accordance  with  the  doubleness 
of  the  organs  of  sense,  as  double  inlets  to  knowledge.  Professor  Broca,  who 
claimed  the  honour  of  being  the  first  to  discover  that  the  third  convolution  was  the 
seat  of  the  faculty  of  articulate  speech,  was  constrained  to  admit  that  the  function 
was  not  exclusively  exercised  on  the  left  side  of  the  brain,  although  disease  there, 
with  hemiplegia  of  the  right  side,  was  almost  universally  characterized  by  aphasia. 
The  author,  in  proof  that  the  right  hemisphere  exercised  the  same  function  in  regard 
to  articulate  speech  as  the  left,  adduced  a  case  in  which  there  was  extensive  disease 
in  the  left  hemisphere,  on  the  very  site  of  Broca's  organ,  and  yet  during  life  the 
faculty  of  speech  was  not  impaired. 


On  the  Homologies  and  Notation  of  the  Teeth  of  Mammalia* 
By  W.  H.  Floweb,  F.R.S.,  F.L.S. 

After  some  introductory  observations,  the  author  stated  that  the  subject  which 
he  proposed  to  bring  before  the  Meeting  was  an  endeavour  to  ascertain  now  much 
of  tne  generally  adopted  system  of  classification  and  notation  of  the  teeth  of  the 
Mammalia — a  system  mainly  owing  to  the  researches  of  Professor  Owen,  whose 
labours  in  this  department  of  anatomy  no  follower  in  the  same  field  could  fail  to 
recognize  gratefully — stands  the  test  of  renewed  investigations,  how  much  seems 
doubtful  and  requires  further  examination  before  it  can  be  received  into  the 
common  stock  of  scientific  knowledge,  and  how  much  (if  any)  is  at  actual  variance 
with  well-ascertained  facts. 

One  of  the  most  important  of  the  generalizations  alluded  to  is  the  division  of 
the  class  Mammalia,  in  regard  to  the  times  of  formation  and  the  succession  of 
their  teeth  into  two  groups — the  Monophyodonts,  or  those  that  generate  a  single 
set  of  teeth,  and  the  Ihphrjodonts,  or  those  that  generate  two  sets  of  teeth. 
The  Monophyodonts  include  the  orders  Monotremata,  Edentata,  and  Cetacea  j  all 
the  rest  of  the  class  being  Diphyodonts.  The  teeth  of  the  former  group  are  more 
simple  and  uniform  in  character,  not  distinctly  divisible  into  sets  to  which  the 
terms  incisor,  canine,  premolar,  and  molar  have  been  applied,  and  follow  no  knowri 
numerical  law.  The  group  is,  in  fact,  equivalent  to  that  to  which  the  term  Ho* 
modont  has  been  applied  by  some  authors.  On  the  other  hand,  in  the  mammalian 
orders  with  two  sets  of  teeth,  these  organs  are  said  to  acquire  fixed  individual 
characters,  to  receive  special  denominations,  and  can  be  determined  from  species 
to  species,  the  animals  so  characterized  being  Heterodonts. 

The  author  then  showed  that  among  the  homodonts,  the  nine-banded  Armadillo 
was  certainly  a  diphyodont,  having  two  complete  sets  of  teeth,  and  among  the 
heterodonts,  many  were  partially,  and  probably  some  completely,  mcnophyodonk 
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Moreover  that  almost  every  intermediate  condition  between  complete  diphyodont 
and  simple  monophyodont  dentition  existed,  citing  especially  the  Sirenia,  Elephants, 
Rodents,  and  Marsupials.  He  then,  by  the  aid  of  diagrams,  showed  particularly 
two  modes  of  transition  between  monophyodont  and  diphyodont  dentition — one  in 
which  the  number  of  teeth  changed  was  reduced  to  a  single  one  on  each  side  of 
each  jaw,  as  in  Marsupials,  and  tne  other  in  which  the  first  set  of  teeth,  retaining1 
their  full  number,  were  reduced  to  mere  functionless  rudiments,  and  even  disap- 
pearing before  birth,  as  in  the  case  of  the  seals,  especially  the  great  Elephant  seal. 
These  observations  showed  that  the  terms  "  monophyodont "  and  "  diphyodont," 
though  useful  additions  to  our  language,  as  means  of  indicating  briefly  certain 
physiological  conditions,  have  not,  as  applied  to  the  mammalian  class,  precisely  the 
same  significance  that  tneir  author  originally  attributed  to  them. 

The  classification  and  special  homologies  of  the  teeth  of  the  heterodont  mammals 
was  next  discussed.  Certain  generalizations  as  to  the  prevailing  number  of  each 
kind  of  teeth  in  different  groups  of  animals  were  sustained,  but  deviations  were 
shown  from  some  of  the  rules  laid  down,  such  as  that  when  the  premolars  fall  short 
of  the  typical  number,  the  absent  ones  are  from  the  fore  part  of  the  series.  The 
general  inference  was,  that,  although  in  the  main  the  system  of  notation  of  the 
mammalian  teeth,  proposed  by  Professor  Owen,  was  a  great  advance  upon  any  one 
previously  advocated,  we  must  hesitate  before  adopting  it  as  final  and  complete  in 
all  its  details,  and  need  not  relax  in  our  endeavour  to  discover  some  more  certain 
methods  of  determination. 


On  ike  Anatomy  of  tfie  Carinaria  Mediterranea.     By  Robert  Garxer,  F.LJ5. 

In  this  paper  the  author  gave  the  anatomy  of  a  male  and  female  specimen :  with- 
out any  reference  to  the  descriptions  of  previous  observers,  as  Delle  Chiaie,  \erany. 
and  others.  The  cylindrical  form  of  the  animal,  finnea  tail,  curiously  modified 
molluscan  foot,  and  the  viscera  excluded,  as  it  were,  by  hernia,  from  the  body,  and 
covered  by  the  delicate  shell,  are  tolerably  well  known.  The  envelope  or  tegument, 
though  tuberculated  or  spiny,  as  well  as  covered  with  small  and  larger  granulated 
opacities,  and  mottled  with  brown,  is  so  diaphanous  that  the  stomach  and  first 
part  of  the  intestine  can  be  seen  through  it.  A  second  inner  coat  is  composed  of 
a  beautiful  network  of  muscular  fibres,  but  the  tail  has  fascicles  only  from  this  coat. 
The  foot  or  abdominal  fin,  carried,  however,  upwards  as  the  animal  swims,  is  neatly 
reticulate  and  tinged  with  rose-colour,  and  has  a  little  suctorial  disk  on  its  posterior 
edge.  The  sea- water  is  admitted  into  the  bodv  of  the  animal  by  a  pore  behind  this 
fin.  The  animal  has  a  retractile  trunk,  and  tentacles  with  well-developed  eyes. 
Within  the  muscular  sac,  besides  the  stomach  and  first  part  of  the  intestine,  is  little 
else  but  the  buccal  apparatus,  two  salivary  glands  opening  near  the  commencement 
of  the  gullet,  the  brain  and  pedal  ganglion,  and  aorta.  Tne  ribbon  of  lingual  teeth 
is  pretty  simple — a  tricuspate  broad  tooth  in  the  centre,  a  large  hook  on  each  side 
laterally,  ana  between  the  two  another  piece  with  a  long  and  short  point.  These 
teeth  dissolve  in  boiling  nitric  acid,  and  consequently  are  not  siliceous.  The  buccal 
box  itself  is  ample,  with  six  or  seven  pairs  of  extraneous  muscles,  besides  powerful 
intrinsic  ones  attached  to  its  cartilaginous  basis.  The  stomach,  which  immediately 
succeeds,  contained  remains  of  Pteropoda  (small  conical  Cieodorse),  of  small  Cepha- 
lopoda, and  portions  of  the  lingual  ribbons  of  its  own  species ;  also  beautiful  discoua 
and  other  Diatoms.  The  bulk  of  the  viscera  are  covered  by  the  shell,  which  also 
has  attached  to  it  the  muscles,  with  much  the  same  disposition  as  is  seen  in  a  Pa- 
tella The  intestine  entering  this  nucleus  makes  many  convolutions  at  the  front 
of  the  shell,  and  then  opens  on  the  right  side  under  the  margin  of  the  shell  and 
mantle.  The  brain  is  supra-oesophageal,  and  is  seen  to  consist  of  three  amalgamated 
pairs  of  ganglia  Of  course  it  gives  nerves  to  the  eyes  and  feelers  close  at  hand, 
the  former  having  large  lenses  covered  by  the  transparent  skin ;  also  to  the  mouth, 
and  is  connected  with  two  little  ganglia  situated  on  the  buccal  box.  Four  nerves 
go  backwards  from  the  lateral  and  posterior  parts  of  the  brain,  two  forming  a  lobed 
ganglion  near  the  abdominal  fin,  supplying  it  and  the  tail,  and  two  rising  towards 
the  viscera,  forming  a  ganglion  at  tne  root  of  the  branchiae.  There  are  also  two 
nervous  enlargements  near  the  pylorus,  and  auditory  sacs  on  the  pedal  ganglion* 
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The  branchiae,  about  twelve-divided,  lie  across  the  fore  part  of  the  mouth  of  the 
shell,  attached  on  the  left  side,  where  are  the  heart  and  branchial  veins ;  on  the  right 
is  the  branchial  artery,  receiving  a  large  branch  from  the  renal  organ  situated  above. 
Higher  still  in  the  shell  is  the  liver  with  its  bile-ducts,  and  above  the  liver,  in  the 
recess  of  the  shell,  the  testis  in  the  male  and  the  ovary  in  the  female.  The  duct 
from  each  goes  downwards ;  in  the  male  it  opens  into  a  sinus  of  the  integument  of 
the  right  side,  where  is  also  seen,  at  its  termination,  a  little  twisted  exsertile  body, 
but  which  sinus  does  not  exist  in  the  female,  the  opening  being  higher,  close  to  the 
vent,  where  it  is  also  joined  by  niditamentary  organs ;  one  elongated,  the  other 
oval,  both  laminated  within,  and  the  latter  dark  purple  without ;  in  microscopic 
structure  these  seemed  to  be  composed  of  small  globular  bodies.  The  testis  con- 
tained globules,  probably  endosmosed  spermatozoa ;  the  ovary,  evident  ova.  The 
female  specimen  was  a  good  deal  the  larger,  and  the  tail  more  obtuse  than  in  the 
male.  

On  the  Albuminoid  Substances  of  the  Blood-corpuscles. 
By  Professor  Hetositts. 


On  the  Nomenclature  of  Mammalian  Teeth  and  the  Teeth  of  the  Mole. 
By  E.  E.  Lankester  and  H.  N.  Mosely. 

The  authors  pointed  out  the  arbitrary  and  misleading  nature  of  the  division  of 
teeth  into  incisors,  canines,  premolars,  and  molars,  since  to  these  terms  might 
fairly  be  added  sectorial,  bicuspid,  tricuspid,  laniary ;  secondly,  they  show  that 
maxillary  and  premaxillary  are  tne  only  divisions  admitting  of  homologies!  identi- 
fication, the  maxillary  teeth  being  further  divided  into  an  anterior  and  posterior 
series  in  most  diphyodonts,  by  means  of  the  fourth  so-called  premolar.  They 
pointed  out  that  there  is  no  homology  of  upper  with  lower  jaw  teeth,  and  that  the 
present  rule  for  their  identification  is  most  arbitrary  and  unscientific  They  show 
that  the  so-called  canine  of  the  mole  is  a  premaxillary  tooth,  that  animal  being 
thus  the  only  placental  mammal  with  eight  premaxilfary  or  incisor  teeth.  The 
authors  further  describe  a  new  tooth  in  the  badger,  making  its  dentition  identical 
with  that  of  the  glutton ;  this  tooth  belongs  to  that  series  of  "  premolars  "  which 
have  no  milk-predecessors  as  described  by  Mr.  Flower  recently  in  the  dog  and  pig, 
and  very  rapidly  drops  out  of  the  jaw. 


Notes  on  the  Homologies  and  Comparative  Anatomy  of  the  Atlas  and  Axis. 
By  Alexander  Macauster,  Z.A C.S.L 

It  seems  to  be  a  principle  in  morphology  that  the  greater  the  amount  of  special- 
ization of  function  manifested  by  any  organ,  the  further  does  the  structure  so  spe- 
cialized depart  from  the  form  of  the  primordial  type  to  which  it  belongs.  Tiiis 
Erinciple  is  particularly  exemplified  in  the  case  of  tne  two  upper  cervical  verte- 
ra),  tne  atlas,  and  the  axis,  as  on  account  of  the  special  varieties  of  motion  of  this 
region  it  is  in  some  instances  difficult  to  assign  to  the  parts  of  these  bones  their 
exact  positions  as  serial  homologues  of  the  processes  in  other  vertebral  segments. 
We  owe  much  of  our  knowledge  of  the  relations  of  these  bones  to  Cwen,  fiathke, 
Cleland,  and  Kobin ;  but  a  few  points  yet  require  to  be  wrought  out  with  regard 
to  them,  so  as  to  enable  us  to  understand  more  clearly  the  homologies  of  their 
several  portions.  In  order  to  present  a  more  complete  series  of  relationships  be- 
tween these  bones  and  the  ordinary  cervical  vertebra?,  the  points  to  be  consi- 
dered are  the  following : — (1)  the  nature  and  homologies  of  the  bodv,  of  the  axis, 
and  of  the  odontoid  process ;  (2)  the  nature  of  the  preodontoid  half-arch  of  tho 
atlas ;  (3)  the  serial  nomologies  of  the  transverse  atlantal  ligament  and  of  the 
occipito-axial  or  check  ligament  j  (4)  the  third  occipital  condyle  of  Meckel  and 
Ilalbertsma;  (5)  the  articular  processes  of  the  atlas  and  axis';  and  (0)  the 
transverse  processes  of  the  cervical  vertebra)  in  general,  and  of  these  two  in  par- 
ticular. 
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These  may  be  briefly  summarized  thus  : — 

(1)  The  odontoid  process  is  the  body  of  the  atlas ;  a  considerable  amount  of  evi- 
dence on  this  point  is  contained  in  the  original  paper. 

(2)  The  preodontoid  half-arch  of  the  atlas  is  considered  by  Eoster  as  a  hcmal 
arch,  by  Owen  as  a  hypapophysis ;  but  in  the  author's  paper  reasons  are  given 
for  considering  it  as  an  ossified  anterior  conjugal  ligament,  like  the  middle  sBp  of 
the  stellate  thoracic  ligament 

(3)  The  transverse  ligament  of  the  check-ligaments  are  serial  with  the  con- 
jugal ligament  of  the  ribs. 

(4)  The  third  occipital  condyle  is  homologous  with  the  central  part  of  the  orni- 
thic and  reptilian  condyle. 

And  lastly,  the  articular  surfaces  of  the  atlas  and  occipital  bone  are  structurally 
double,  the  anterior  part  being  in  series  with  Luschka's  HaUwirbd,  the  posterior 
part  being  probably  related  to  the  true  oblique  process. 


On  the  Transmission  of  Light  through  Animal  Bodies. 
By  Dr.  Richardson,  M.A.,  F.R.S. 

The  author  exhibited  a  lamp  which  he  had  constructed  for  transmitting  light 
through  the  structures  of  the  animal  body.  He  believed  the  first  idea  that  such 
transmission  could  be  effected  was  given  in  Priestley's  work  on  Electricity.  That 
great  experimentalist,  the  Shakspeare  of  physical  science,  had  observed,  on  passing 
a  discharge  of  a  Leyden  battery  through  his  finger,  that  the  structure  seemed  to 
present  luminosity,  but  the  operation  was  extremely  painful.  The  author  had 
repeated  this  experiment  with  similar  results.  Of  late  years  research  had  been 
made  with  the  microscope  in  the  transparent  web  of  the  foot  of  the  frog ;  and 
last  year  Dr.  M'Intosh  had  shown  that  young  trout  could  be  used  experimentally, 
they  being  sufficiently  transparent  for  the  investigation  of  the  action  of  various 
poisonous  substances  on  their  internal  organs.  Tne  suggestion  of  Dr.  Mlntosh 
nad  been  acted  upon  by  the  author,  and  the  motion  of  the  heart  and  of  the  re- 
spiration had  been  observed  by  direct  ocular  demonstration  while  those  organs  were 
under  the  influences  of  various  bodies  belonging  to  the  ethyl  and  methyl  series.  This 
research  had  led  the  author  to  extend  the  principle  further ;  and  he*  had  now  ad- 
vanced so  far  that  he  was  enabled  to  transmit  light  through  various  tissues  of  the 
bodies  of  large  animals.  He  had  thought  it  was  best  to  begin  by  testing  each 
tissue  separately ;  and  this  investigation  had  been  carried  out  on  nearly  all  the 
structures  of  the  body  which  admit  of  being  individually  examined.  The  structure 
the  most  diaphanous  was  the  skin ;  after  that,  and  singularly  enough,  bone ;  then 
thick  membranes ;  next,  thin  superficial  muscles,  lung  tissue,  fat,  and  the  dense 
tissues  of  the  liver  and  the  kidney.  Various  lights  had  been  tried,  viz.  the 
electric,  the  oxyhydrogen,  the  lime-light,  and  the  magnesium.  For  all  practical 
purposes,  the  magnesium  light  was  the  best :  it  was  the  most  convenient  to  use, 
and  the  light  had  the  advantage  of  penetrating  deeply.  In  the  lantern  which  -the 
author  exhibited  the  light  was  also  unattended  with  heat  at  the  point  of  observa- 
tion, so  that  the  hand  could  be  put  in  at  the  brightest  illuminating  point.  The 
lamp  was  made  by  Solomon,  of  Red  Lion  Square.  The  additions  consisted  in  a 
tubular  arrangement  and  a  sliding  groove.  Th  e  structure  to  be  examined  was  placed 
in  the  groove  inclosed  between  two  disks  of  perforated  wood,  and  the  object  was 
surveyed  from  the  further  end  of  the  tube.  In  illustration,  a  thick  piece  of  bone 
(the  flat  rib  of  an  ox)  was  placed  in  the  lantern,  and  light  was  distinctly  trans- 
mitted through  it.  "  It  was,"  said  the  author,  "  important  to  speak  with  care  as 
to  the  extent  to  which  this  lantern  could  be  used  practically."  He  did  not  con- 
sider it  perfect,  but  thought  it  promised  results  of  tne  greatest  interest  and  value. 
In  the  first  place,  it  might  be  used  for  a  variety  of  physiological  purposes.  Animal* 
whose  tissues  were  thin,  such  as  fish,  could  be  placed  in  tne  lantern,  and  the  con- 
dition of  their  circulation  and  respiration  could  be  carefully  studied  under  the 
action  of  various  agents.  In  the  human  subject,  especially  in  the  young,  having 
fragile  tissues,  the  thinner  parts  of  the  body  could  be  distinctly  rendered  trans- 
parent ;  and  in  a  child  the  bones,  under  a  somewhat  subdued  light,  could  be  seen 


Digitized  by 


Google 


TRANSACTIONS  OF  THE  SECTIONS.  119 

in  the  ami  and  wrist.  A  fracture  in  a  bone  could,  in  fact,  be  easily  made  out,  or 
growth  from  bone  in  these  parts.  In  a  very  thin  young  subject,  the  movements 
and  outline  of  the  heart  could  also  be  faintly  seen  in  the  chest ;  but  the  light  he 
had  as  yet  employed  had  not  been  sufficiently  powerful  to  render  this  demonstration 
all  he  could  desire.  It  would  be  possible,  lastly,  to  see  through  some  diseased 
structure,  so  as  to  ascertain  whether,  within  a  cavity,  there  was  a  fluid  or  a  solid 
body.  The  author  concluded  by  stating  that  his  object  had  been  rather  to  mark 
the  origin  of  a  new  and  progressive  step  than  to  explain  a  perfect  instrument,  or 
record  an  extended  series  of  successful  results. 


On  Effects  of  Extreme  Cold  on  Organic  Function. 
By  Dr.  Richabdson,  F.R.S. 

The  author  passed  in  brief  review  his  experiments  performed  at  Dundee  in 
relation  to  the  effects  of  feezing  the  centres  of  the  nervous  system.  He  showed 
that  in  the  lower  classes  of  animals,  such  as  frogs,  the  nervous  centres  can  be 
frozen  for  long  periods  of  time,  with  recovery  after  entire  unconsciousness  and 
apparent  death.  The  points  added  on  this  occasion  were  in  continuation  of  this 
lme  of  research.  The  author  first  dwelt  on  the  question  whether  frozen  animals 
(such  as  frogs)  respire  during  insensibility,  and  explained  that  they  did  not  In 
proof  of  this  ne  said  that  animals  so  treated  could  be  placed  without  harm  in  gases 
which  would  not  support  life,  such  as  nitrogen  and  hydrogen,  and  could,  be  re- 
covered at  the  precise  moment  of  solution  from  the  frozen  state  when  respiration 
was  recommencing.  He  had  placed  animals  in  this  way  in  hydrogen,  nitrogen, 
and  carbonic  acid.  In  other  experiments,  when  the  animal  was  frozen,  it  was 
immersed  in  ether,  and  allowed  to  lie  under  the  fluid  until,  by  the  rising  of  bubbles 
of  air,  indications  of  returning  life  were  gained ;  then,  taken  out,  the  animal  would 
recover.  The  gradual  return  of  heat  was  thus  a  pure  restorative,  and  the  facts 
helped  to  explam  many  accounts  as  to  restoration  after  freezing,  which  up  to  this 
time  had  been  stated  as  strongly  on  one  side  as  they  were  doubted  on  the  other. 
The  second  point  considered  had  relation  to  the  effects  on  the  circulation  of  freez- 
ing the  brain.  The  author  here  showed  that  in  warm-blooded  animals  the  effect 
of  reducing  the  temperature  of  the  brain  was  to  produce  a  gradual  slowness  of  the 
circulation,  and,  when  the  freezing  was  carried  to  the  lower  part  or  base  of  the 
brain,  to  produce  the  condition  ot  heart  and  pulse  known  as  mtermittency,  fol- 
lowed, if  the  operation  were  continued,  by  the  entire  cessation  of  the  heart's 
movement.  This  was  a  point  of  great  practical  moment  as  indicating  the  influence 
of  the  brain  on  the  heart.  Whenever  the  brain  was  reduced  in  physical  power,  as 
from  intense  mental  fatigue,  or  shock,  or  anxiety,  irregular  action  (mtermittency  of 
the  heart)  was  almost  the  necessary  result.  Most  peoole  were  conscious  of  this,  and 
often  thought  with  great  alarm  that  they  were  suffering  from  disease  of  the  heart, 
when  in  fact  they  were  merely  labouring  under  temporary  exhaustion  of  the  brain. 
The  third  point  went  to  show  that  under  the  influence  of  extreme  cold  on  the 
nervous  centres  (the  brain  and  spinal  cord)  the  extreme  effect  of  such  active  poi- 
sons as  strychnine  could  for  a  time  be  entirely  suspended.  This  raised  a  hope  that 
in  such  diseases  as  tetanus,  a  new  and  successful  mode  of  treatment  might  oe  gra- 
dually evolved.  The  fourth  point  had  relation  to  the  influence  of  extreme  cold  in 
preventing  and  even  in  removing  the  rigidity  of  death.  Because  the  body  after 
death  cools,  the  inference  had  been  drawn  that  the  rigidity  of  death  was  due  to  the 
process  of  cooling.  This  was  the  exact  reverse  of  the  fact.  The  rigidity  of  death 
was  quickened  by  heat,  and  prevented  by  cold,  probably  for  an  illimitable  period 
of  time,  the  cold  being  sustained.  Further,  by  taking  an  animal  already  rigid, 
freezing  it,  and  thawing,  the  first  rigidity  could  be  removed  and  the  body  become 
flaccid.  The  last  point  touched  upon  related  to  the  effect  of  freezing  and  rapidly 
thawing  the  skin  of  certain  regions  of  the  body.  It  was  shown  that  birds  treated 
in  this  manner  presented  the  extremest  irregularity  of  movement,  and  other  signs 
of  nervous  disturbance.  Thus  by  freezing  and  rapidly  thawing  the  skin  on  the 
side  of  the  neck  of  a  pigeon,  the  bird  for  a  time  walked  sideways  in  the  opposite 
direction.    The  author  designated  this  effect  as  peripheral  nervous  shock. 
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On  the  Pectorales  Muscles.    By  Professor  G.  Kollestok,  M.D.,  F.R.S. 


On  the  Physiology  of  Pain.    By  Professor  G.  Rollesto*,  M.D.,  F.R.S. 


Additional  Researches  on  the  Asymmetry  of  the  Pleuronectidce. 
By  Professor  Traquair. 


On  the  Seat  of  the  Faculty  of  Articulate  Languages. 
By  Professor  Paul  Broca. 


The  Physiology  of  Language.     By  Dr.  Hvghukgs  Jackson. 


On  sixteen  Eskimo  Crania.    By  Professor  George  Rolleston,  M.D.,  F.R.S. 


Remarks  on  Language  and  Mythology  as  Departments  of  Biological  Science. 
By  Edward  B.  Tylor. 

The  treatment  of  accounts  of  the  civilization  of  tribes  of  man  as  details  of  local 
geography  is  connected  with  a  popular  notion  that  these  topics  are  finally  disposed 
of  by  descriptive  treatment ;  and  this  notion,  in  the  writer's  opinion,  is  prevalent 
enough  to  be  a  serious  obstacle  to  knowledge.  Thus  it  is  far  from  being  a  trivial 
matter  of  classification  that  details  of  human  culture  should  come  under  discussion  as 
topics  of  biology,  where,  if  they  have  any  claim  to  attention,  they  must  be  treated 
as  facts  to  be  classified  and  referred  to  uniform  and  consistent  laws.  To  show  that 
the  phenomena  of  civilization,  in  spite  of  their  extreme  difficulty  and  complexity, 
are  amenable  to  such  treatment  as  would  be  applicable  to  other  biological  investiga- 
tions in  which  law  and  order  are  to  be  sought  for  throughout  masses  of  multifarious 
details,  was  the  object  of  the  present  paper.  Certain  special  points  of  culture 
taken  from  language  and  mythology,  were  brought  forward  to  snow  how  the  no- 
tion of  arbitrary  causeless  spontaneity  in  human  action  disappears  when  phenomena 
are  classified  in  their  proper  groups.  In  examining  the  different  languages  of  man- 
kind abundant  traces  are  found  of  the  art  of  counting  by  word-numbers  having 
grown  up  from  lUftt  primitive  plan  of  counting  on  the  fingers  still  so  familiar  to 
mankind.  Again,  as  savagres  have  reckoned  on  their  fingers  and  toes,  it  appears  to 
have  struck  them  that  their  words  for  finger,  hand;  foot,  &c.  might  be  used  to  ex- 
press numbers.  Tihis  the  Polynesians  form  the  word  lima,  t.  e.  ''hand,"  into  a 
numeral  meaning  5.  Thus  the  Caribs  have  made  words  expressing  "  band,"  u  both 
hands,"  "  feet  and  hands,"  into  numerals  equivalent  to  5, 10,  20.  Even  among  the 
rude  nations  of  West  Australia,  who  are  usually  found  to  possess  no  numeral  be- 
yond 2  or  3,  the  formation  of  hand-numerals  has  locally  broken  out,  as  they  have 
been  found  to  use  the  expression  marh-jin-bang-ga,  or  u  half  the  hands,"  for  6,  and 
thence  to  count  on  to  15,  which  they  call  "  the  hand  on  either  side  and  half  the 
feet."  The  immense  series  of  facts  of  which  these  are  illustrative  exemplify  the 
uniform  results  of  a  similar  process  of  mental  development  which  has  occurred 
again  and  again  among  remote  and  savage  tribes.  As  a  second  instance  of  such 
uniformity,  examples  were  quoted  from  among  a  large  number  of  the  languages  of 
the  world,  in  which  the  interjections  of  affirmation  and  negation  display  a  remark- 
able tendency  to  fall  into  vowels,  mute  or  aspirated,  as  aye,  it,  hi,  &c.  for  "  yes," 
and  into  labials,  as  aan,  nam,  &c.  for  "  no."  Thirdly,  the  repeated  occurrence  in 
remote  and  disconnected  languages  of  the  practice  of  "  differentiating  "  by  vowels 
pronouns  and  adverbs  of  distance,  is  to  be  ascribed  to  the  uniform  actionof  simi- 
lar processes.  Of  this  a  single  instance  may  be  quoted  from  the  Javan  language, 
which  distinguishes  tfti=this  (close  by),t%as=that  (at  some  distance),  i'A«=that 
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(further  off).  Again,  the  popular  notion  of  myths  is  that  they  are  free  and  un- 
restricted growths  of  fancy,  and  that  the  study  of  such  baseless,  unsubstantial 
fabrics  of  the  imagination  can  lead  to  no  precise  or  scientific  results.  But  wider 
knowledge  must  dissipate  this  idea  by  showing  that  myths  are  intellectual  deve- 
lopments to  be  traced  to  definite  causes,  like  other  products  of  the  human  mind. 
Thus  the  myth  that  on  a  certain  hill  there  was  a  battle  of  giants  and  monsters, 
will  be  probably  interpreted  by  the  fact  that  great  fossil  bones  are  really  found  on 
the  spot.  A^ain,  the  story  of  the  presence  of  a  race  of  men  with  tails  in  a  parti- 
cular district  is  apt  to  indicate  the  real  existence  of  a  tribe  of  aborigines  or  outcasts, 
like  the  Miautsze  of  China  or  the  Cagots  of  France.  The  author  dwelt  especially 
on  two  "  philosophic  myths,"  invented  again  and  again  in  the  infancy  of  science  to 
account  for  strictly  physical  phenomena.  The  Polynesian  myth  of  Mafuie,  the 
subterranean  god  who  causes  the  earthquake  by  shifting  from  shoulder  to  shoulder 
the  earth  which  he  carries,  and  many  other  similar  myths,  come  under  the  common 
heading  of  myths  of  an  earth-bearer,  formed  in  various  regions  to  account  for  the 
occurrence  of  earthquakes.  The  myth  of  the  Guaranis  of  Brazil,  that  a  jaguar  and 
a  huge  dog  pursue  the  sun  and  moon  and  devour  them,  which  causes  eclipses,  is 
an  instance  from  the  widespread  group  of  eclipse-myths  of  a  similar  kind.  On 
this  and  other  evidence  the  writer  argued  for  the  possibility  of  discovering  in  the 
phenomena  of  civilization,  as  in  vegetable  and  animal  structure,  the  presence  of 
distinct  laws,  and  attributed  the  now  backward  state  of  the  science  of  culture  to 
the  non-adoption  of  the  systematic  methods  of  classification  familiar  to  the  natu- 
ralist. 


GEOGKAPHY  AND  ETHNOLOGY. 

Address  by  Capt.  Richards,  Il.N.,  F.R.S.,  President  of  the  Section. 

On  the  present  occasion  of  opening  the  Section  of  Geography,  and  the  science  which 
has  been  associated  with  it,  it  is  not  my  purpose  to  impose  upon  you  any  set  address, 
or  to  enter  into  any  of  the  detail  of  geographical  research  during  the  past  year  j 
and  my  reasons  for  departing  from  what  appears  to  have  grown  into  a  practice  01 
late,  are,  first,  that  the  nature  of  my  official  duties  have  not  left  me  the  leisure 
to  do  so  ;  and  secondly,  the  geographical  events  of  that  period  have  been  so  amply 
dealt  with  by  the  President  of  the  Royal  Geographical  Society,  in  his  Annual 
Address  delivered  in  May  last,  and  printed  in  the  Society's  Proceedings,  that  a 
repetition  of  them  seems  unnecessary,  and  would  probably  be  wearying.  1  shall, 
therefore,  with  your  indulgence,  in  the  few  remarks  which  may  occur  to  me  on 
this  occasion,  confine  myself  to  a  consideration  or  brief  review  of  the  general  state 
of  our  geographical  knowledge,  adverting  to  those  portions  of  the  earth's  surface 
to  which  the  attention  and  the  labours  of  future  explorers  may  be  advantageously 
directed,  and  dwelling  briefly  on  the  results  whicli  are  certain  to  follow  those 
labours  in  the  interests  of  knowledge  and  science,  and  of  humanity,  no  less  than 
in  those  of  the  national  honour  and  credit,  keeping  in  view,  so  far  as  I  may,  the 
present  and  the  future,  rather  than  the  past. 

The  Science  of  Geography,  as  accepted  in  its  ordinary  and  every-day  sense,  is 
within  easy  reach  of  us  all :  it  requires  no  abstruse  knowledge  to  follow  ite  study 
or  its  discoveries,  or  to  unravel  its  mysteries,  if  there  are  any ;  thus  the  navigator, 
the  traveller,  the  ordinary  observer  may  be,  and  are,  geographers  in  this  sense  j 
yet,  regarded  under  its  many  aspects,  each  of  them  bearing  practically  more  or  less 
on  all  that  concerns  the  existence  and  well-being  of  the  human  race,  limited  only 
by  the  earth's  surface  which  it  is  its  province  to  describe,  embracing  as  it  does, 
within  its  sphere,  most  other  branches  of  physical  science,  it  must  be  confessed 
that  is  not  the  least  important  of  them,  nor  is  it  surprising  that  it  should  be  one  of 
the  most  popular,  or  that  men  should  have  been  found  in  all  ages  ready  to  sacrifice 
their  ease  and  comfort,  their  fortunes,  or  to  hazard  their  lives  in  the  pursuit  of  any 
geographical  adventure  which  might  seem  to  offer  a  possible  or  even  impossible 
path  to  fame  and  distinction. 
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In  tracing  the  history  and  progress  of  geographical  discovery,  we  find  that  mari- 
time exploration  always  has  Deen,  and  indeed  necessarily  always  must  be  its  pre- 
cursor. When  the  coasts  of  a  country  have  been  thoroughly  explored  and  denned 
on  the  map  by  the  aid  of  astronomy  and  other  branches  of  science,  then,  according' 
to  various  circumstances  (to  the  nature  of  the  climate,  the  character  and  extent  of 
the  population,  and  other  physical  conditions),  will  the  geographical  features  of 
the  interior  be  developed  with  greater  or  less  rapidity :  all  history  and  experience 
confirms  this,  and  there  are  not  wanting  familiar  instances  within  our  own  obser- 
vation. 

Wherever,  then,  it  has  been  possible  for  navigation  to  penetrate,  there  the  shores 
of  the  world  are  sufficiently  known  for  all  the  purpose  of  geography  proper, 
although  in  the  interests  of  navigation  itself,  and  of  the  commerce  and  intercourse  of 
nations,  we  have  ever  been,  and  probably  ever  shall  be,  as  long  as  the  world  lasts, 
adding  to  and  refining  on  this  knowledge.  The  science  then,  indeed,  assumes 
other  phases,  such  as  Hydrography,  and  the  Meteorology  and  Physical  Geography 
of  the  ocean,  the  latter  becoming  every  day  of  more  interest  and  importance  in  a 
practical  point  of  view,  and  therefore  demanding  in  a  proportionate  degree  the 
aid  of  science  in  its  development 

In  the  physical  geograpny  of  the  ocean  must  be  included  a  knowledge  of  its 
depths,  the  nature  of  its  bed,  its  temperature,  its  currents  at  the  surface  and  beneath 
the  surface,  and  other  information  necessary  to  meet  the  requirements  of  the  present 
age :  for  instance,  without  this  knowledge  it  would  not  have  been  possible  success- 
fully to  lay  the  submarine  cables  which  now  connect  Great  Britain  with  America, 
and  which  it  is  reasonable  to  suppose,  so  soon  as  the  requirements  of  commerce  shall 
justify  the  outlay  of  the  capital,  will  be  followed  by  similar  ones,  until  the  whole 
globe  is  encircled.  France  and  America  are  about  to  oe  united  by  such  a  tie :  a  cable 
will  probably  be  shortly  laid  through  the  centre  of  the  Mediterranean  Sea,  connec- 
ting Gibraltar,  Malta,  and  Alexandria,  thence  through  the  Red  Sea,  and  across  the 
Indian  Ocean  to  Bombay ;  a  portion  of  this  will  certainly  be  completed  within 
a  few  weeks.  The  connexion  of  India  with  China  on  the  one  hand,  and  with 
Australia  and  New  Zealand  on  the  other,  will  probably  not  be  long  delayed.  These 
great  undertakings  require  not  only  a  knowledge,  but  a  very  accurate  knowledge 
of  all  the  conditions  I  have  mentioned,  the  obtaining  of  which  demand  an  amount 
of  skill  and  patience  and  perseverance  on  the  part  of  both  engineers  and  seamen, 
which  those  not  fully  conversant  with  the  subject  can  little  conceive.  Our  efforts, 
then,  of  late  years  nave  been  directed  to  this  end,  and  by  the  aid  of  science,  and 
the  modern  mechanical  appliances  it  has  supplied,  instead  of  the  vague  and  imper- 
fect knowledge  which  we  possessed  up  to  a  comparatively  late  period,  we  are  now 
in  the  possession  of  far  more  accurate  data :  we  know  the  depth  and  nature  of  the 
bed  of  the  North  Atlantic  between  Europe  and  America  by  three  different  routes, 
and  that  it  does  not  in  any  part  much  exceed  two  geographical  miles,  or  about 
13,000  feet.  The  Mediterrranean  Sea  has  been  accurately  measured,  and  its 
greatest  depth  has  been  found  scarcely  less  than  that  of  the  Atlantic.  But  a  few 
weeks  since  the  Indian  Ocean,  between  the  Red  Sea  and  Bombay,  and  over  other 
portions,  has  been  sounded  with  remarkable  accuracy,  the  maximum  depth  ob- 
tained being  something  over  two  geographical  miles.  Between  China  and  Aus- 
tralia a  gTeat  portion  of  the  distance  has  been  accurately  examined,  and  the  re- 
mainder is  at  present  in  progress ;  while  but  a  few  days  since  accounts  have  been 
received  of  the  bottom  of  the  sea  having  been  reached  in  the  South  Atlantic,  be- 
tween the  Cape  of  Good  Hope  and  the  Equator,  the  greatest  depth  obtained  being 
18,000  feet,  or  nearly  three  geographical  miles  :  and  no  doubt  or  uncertainty  exists 
in  any  of  these  operations,  for  in  all  cases  the  bottom  has  been  brought  up  in  con- 
siderable quantities.  I  cannot  myself  but  regard  these  results  as  of  infinite  impor- 
tance, and  second  to  none  of  the  geographical  discoveries  of  past  years  j  many  of 
them,  indeed,  are  the  results  of  the  past  year. 

In  connexion  with  this  subject,  I  would  desire  to  call  the  attention  of  those  in- 
terested in  it,  to  a  series  of  Physical  Charts  of  the  Atlantic  Ocean,  lving  on  the 
table ;  they  are  among  the  latest  of  the  labours  of  the  Hydrographical  department 
of  the  Admiralty,  and  will  in  a  few  weeks  be  available  to  the  public  The  present 
and  only  copy  has  been  pushed  forward  for  presentation  to  the  Section,  and  at  no 
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distant  time  they  will  be  followed,  I  trust,  by  a  similar  series  for  the  Pacific  and 
Indian  Oceans. 

Following  up  the  progress  of  geographical  discovery  from  early  times,  and 
under  conditions  which  have  been  the  most  favourable,  we  find  that  in  Europe 
and  over  the  greater  portions  of  North  and  South  America,  where  freedom  of  in- 
tercourse and  travel  are  unrestricted,  we  have  comparatively  little  to  learn. 

Over  the  greater  part  of  Asia  also,  throughout  tne  great  Empires  of  China  and 
Japan,  there  is  no  reason  to  doubt  but  that  the  science  of  Geography  is  well  under- 
stood and  cultivated,  although  from  the  peculiar  customs  and  institutions  of  these 
countries,  and  the  jealousy  of  their  rulers,  they  are  still  in  a  great  measure  closed 
to  the  observation  and  enterprise  of  Europeans. 

Of  that  neutral  ground,  as  it  were,  in  Central  Asia,  between  the  northern  fron- 
tiers of  India  and  the  southern  boundaries  of  the  Russian  Empire,  and  in  Western 
Tartary,  which  has  been  attracting  much  attention  lately,  there  is  yet  much  to 
learn,  although  through  the  zeal  and  enterprise  of  our  own  Indian  officers  on  the  one 
hand,  and  from  the  Russian  armies  of  exploration,  not  to  say  encroachment,  on  the 
other,  we  are  adding  something  to  our  knowledge  each  succeeding  year ;  and  but 
a  few  weeks  since  a  traveller  left  these  shores,  under  the  auspices  of  the  Royal 
Geographical  Society,  in  the  pursuit  of  new  geographical  encroachments  in  this 
region. 

Even  with  the  geography  of  the  vast  groups  of  Islands  strewed  over  the  Pacific 
and  Indian  Oceans,  we  are  for  the  most  part  tolerably  acquainted,  thanks  to  mari- 
time discovery,  in  many  cases  aided  by  the  labours  and  researches  of  the  church 
missions,  which  have  taken  no  inconsiderable  share  in  the  work.  But  there  is  an- 
other side  to  the  picture,  and  it  must  be  confessed  that  it  is  a  darker  one.  If  we 
turn  to  Africa,  even  to  Australia,  to  New  Guinea,  to  Borneo  (to  that  sealed  book 
of  the  north  lying  almost  at  our  very  threshhold),  the  mind  can  barely  contem- 
plate the  vast  problems  that  geography  has  yet  to  solve,  and  we  almost  sicken  at 
the  reflection  how  little  (how  comparatively  little)  has  resulted  from  all  the  great 
efforts  and  noble  sacrifices  which  have  been  made  by  individuals  in  our  own  time 
and  in  the  times  before  us. 

Let  us  turn  to  Australia :  here  a  great  English  nation  may  be  said  to  have 
sprung  up  within  the  present  generation,  and  yet  scarcely  more  than  a  corner  of  it 
can  be  considered  as  fairly  occupied ;  with  its  sea  margin  alone,  and  not  even  all 
that,  are  we  thoroughly  acquainted ;  and  notwithstanding  the  dauntless  energy  and 
courage  of  the  numerous  explorers,  too  many  of  whom  have  given  up  their  lives  in 
the  cause,  it  is  no  exaggeration  to  say  that  by  far  the  greater  part  of  the  interior 
of  this  sea-girt  continent  is  as  little  known  as  it  was  when  Cook  first  visited  its 
shores  a  hundred  years  ago. 

In  the  interest,  then,  of  any  future  explorations,  the  question  seems  to  arise, 
To  what  causes  are  we  to  attribute  the  comparatively  small  measure  of  success 
which  has  hitherto  been  attained  ?  It  may  be  that  there  are  undertakings  beyond  the 
scope  of  individual  enterprise,  or  indeed*  of  any  enterprise  not  under  the  direct  aid 
and  auspices  of  a  government;  doubtless  great  physical  difficulties  oxisted,  yet 
thev  were  not  in  most  instances  underrated ;  means  and  resources  may  have  been 
inadequate,  organization  and  combination  may  have  been  wanting ;  but  bj  this  as 
it  may,  it  is  cercain  that  as  yet  no  effort  has  been  made  commensurate  with  the 
difficulties  to  be  overcome  and  the  importance  of  the  results  to  be  gained.  A  per- 
fect knowledge  of  the  geography  of  a  country  must  doubtless  inevitably  follow,  and 
not  precede  occupation  and  civilization ;  but  these  conditions  exist  now  to  a  certain 
extent'in  Australia,  and  it  does  seem  that  the  time  has  come  when  a  combined  effort 
should  be  made  to  clear  up  what  must  be  almost  considered  a  reproach  to  geogra- 
phy. Those  who  have  read  or  studied  the  history  of  geographical  discovery,  can- 
not fail  to  have  remarked  how  seldom  any  great  results  nave  been  attained  until 
after  repeated  efforts  and  many  failures,  and  how  often,  when  hard-earned  experi- 
ence has  made  success  seem  almost  certain,  the  prize  has  been  relinquished  when 
almost  within  our  grasp.  This  can  scarcely  remain  the  case  long  as  regards 
Australia :  an  organized  exploration  of  the  interior  indeed  has  been  proposed,  and 
is  still  under  consideration ;  it  has  received  the  warm  approval  and  countenance  of 
the  Geographical  Society,  before  which  a  paper  has  been  read  on  the  subject  by  its 
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author,  Br.  Neumayer,  ft  resident  of  Australia,  and  intimately  connected  with  most 
of  its  scientific  intitutions ;  but  on  a  question  of  such  dimensions  no  Society  can  do 
more  than  give  its  sympathy :  it  is  a  problem  for  the  united  governments  of 
Australia  to  solve,  and  it  is  to  be  hoped  that  when  undertaken  it  will  be  with 
such  adequate  means,  organization,  and  cooperation,  both  afloat  and  on  shore, 
as  will  render  failure  impossible. 

There  is  yet  another  terra  incognita  almost  within  view  of  the  northern  coast  of 
Australia,  in  the  great  island  of  New  Guinea,  whose  shores  even  have  scarcely  been 
correctly  traced  on  the  man.  It  has  been  visited,  however,  by  navigators  of  dif- 
ferent countries,  and  there  is  little  doubt  but  that,  like  the  smaller  islands  in  its 
neighbourhood  occupied  by  the  Dutch,  it  is  rich  in  all  the  choicest  products  of  the 
earth. 

It  is  to  be  feared,  however,  that  the  time  is  distant  when  this  interesting  country 
will  be  opened  up  to  commerce  and  civilization ;  its  great  extent,  and  the  hostility 
of  the  natives,  anion?  other  causes,  place  it  far  beyond  the  reach  of  any  individual 
efforts,  and  none  of  the  maritime  nations  seem  yet  prepared  or  disposed  to  set  their 
mark  upon  it. 

I  am  unwilling  to  leave  these  southern  regions  without  a  few  passing  words  on 
that  latest  acquisition,  and  perhaps  most  flourishing  dependency  of  the  British 
Empire,  New  Zealand :  as  an  instance  of  the  rapidity  and  success  of  exploration 
and  colonization  almost  coincident  with  each  other,  it  is  probably  the  most  remark- 
able in  the  annals  of  the  world's  history ;  undoubtedly  it  possesses  in  a  high  de- 
gree almost  all  the  conditions  favourable  to  such  a  result — an  extent  of  country 
equal  to  Great  Britain,  of  a  form  and  distribution  the  most  favourable  for  develop- 
ment by  nautical  exploration,  with  a  climate  admirably  suited  to  Europeans — rt 
seemed  indeed  to  invite  civilization. 

Scarcely  thirty  years  ago  almost  its  sole  white  occupants  were  a  few  "Ffrgti^fri 
missionaries,  who,  indeed,  have  generally  been  the  pioneers  of  civilization  in  these 
distant  regions ;  ten  years  later,  when  colonization  was  first  seriously  undertaken  on 
a  great  scale,  the  sagacious  nobleman  then  at  the  head  of  the  navy,  Lord  Auckland, 
foresaw  that  the  shortest  and  most  certain  road  to  success  was  a  complete  nautical 
survey  of  its  coasts,  which,  under  his  auspices,  was  at  once  commenced,  and  com- 
pleted within  seven  years.  During  this  interval  colonization  progressed  with  rapid 
strides ;  and  at  the  present  time,  despite  the  drawback  of  years  ofnative  wars,  New 
Zealand,  or,  as  it  has  well  been  called,  the  Great  Britain  of  the  south,  is  peopled 
throughout  its  length  and  breadth  by  Englishmen,  in  the  possession  of  the  luxuries, 
wealth,  and  prosperity  of  an  old  and  long  settled  country. 

There  is  one  incident  in  the  history  of  New  Zealand  which  is  not  generally 
known  or  remembered,  and  it  is  an  instance  of  what  momentous  results  to  a  whole 
nation  may  sometimes  arise  from  apparently  trifling  or  accidental  causes.  The  in- 
cident is  this : — that  but  for  the  fortuitous  presence  of  a  little  brig  of  war  there  in, 
I  think,  the  year  1889  or  1840,  commanded  by  the  late  Captain  Owen  Stanley,  a 
name  that  will  be  familiar  to  many  in  this  old  city,  that  flourishing  country,  or  at 
any  rate  the  largest  and  fairest  portion  of  it,  would  now  have  been  under  the  flag  of 
another  nation,  and  there  would  have  been  the  singular  coincidence  of  a  second 
English  Channel  at  the  Antipodes,  with  our  opposite  neighbours  looking  at  its 
across  what  is  now  known  as  Cook's  Straits. 

I  now  turn  to  Africa,  fruitful,  if  in  no  other  respect  hitherto,  yet  certainly  in  geo- 
graphical adventure  and  daring;  and  if  we  do  not  approach  the  subject  without 
hope  as  to  its  future,  I  think  we  must  do  so  with  feelings  of  misgiving  and  doubt. 
It  is  a  mighty  subject,  full  of  the  weightiest  interests  to  millions  of  the  human 
race — too  weighty,  indeed,  to  be  more  than  touched  upon  here ;  and  the  few  words 
I  shall  say  will  have  reference  chiefly  to  the  great  ocject  of  interest  to  English- 
men at  the  present  time — the  fate  of  the  great  traveller  whose  life  has  been  so  in- 
timately associated  with  Africa,  and  who  for  the  last  two  years  and  a  half  has  been 
wandering  almost  single-handed  over  that  great  continent,  in  pursuit  of  the  objects 
to  which  that  life  has  been  mainly  devoted.  For  all  we  know  of  the  interior  of 
Africa  we  are  indebted  almost  entirely  to  our  own  adventurous  countrymen,  and 
let  us  inquire  briefly  what  do  we  know.  Wo  know  that  a  vast  chain  of  lakes 
exist,  reaching  nearly  from  the  Zambezi  on  the  south  to  the  head  waters  of  the 
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Nile  on  the  north,  though  of  their  extent,  their  height,  physical  features,  and  the 
functions  which  they  perform  in  relation  to  the  mighty  rivers  of  the  great  continent, 
much  as  we  do  know,  much  more  is  still  left  to  conjecture ;  we  know  that  the  climate 
of  the  high  lands  of  Central  Africa  is  not  unfavourable  to  the  European  constitution 
— that  it  has,  or  had  a  dense  population,  and  has  the  resources  of  legitimate  com- 
merce and  wealth  within  itself — that  slavery,  with  its  concomitant  evils,  exist  in 
their  most  appalling  forms,  encouraged  and  fostered  by  the  traders  of  nations  pro- 
fessing to  be  civilized  or  semicivilized ;  but  the  one  thing  hopeful  we  do  know  is, 
that  it  is  undoubtedly  within  the  power  of  any  civilized  nation,  and  especially  of 
this  great  country,  which  has  banished  slavery  from  its  own  empire  ana  from  the 
sea,  to  adopt  measures  which  at  an  inconsiderable  cost  would  strike  an  effectual 
blow  at  the  source  of  this  great  evil.  I  have  said  that  we  have  gained  all  this 
knowledge  through  the  enterprise  of  our  own  countrymen.  No  words  of  mine 
could  add  anything  to  their  well-earned  fame.  There  will  doubtless  always  be 
such  men  found  who,  for  honour  and  renown,  and  in  the  search  of  knowledge  and 
the  love  of  science,  will  be  ready  to  devote  their  means  and  their  lives  to  such  en- 
terprise. Livingstone  was  not  insensible  to  any  of  these  high  motives,  but  with 
him  they  were  secondary  and  entirely  subservient  to  the  great  dream  and  aim  of 
his  life — the  blotting  out  of  slavery  m  Africa  and  the  regeneration  of  the  race. 

I  am  anxious  now,  if  I  can,  to  make  it  plain  what  are  the  probabilities  or  otherwise 
as  to  the  safety  of  our  great  traveller.  There  is  a  mistiness  on  the  subject  in  the 
minds  of  the  public  generally  which  is  not  surprising,  and  there  is  an  anxiety 
among  most  ot  us  which  is  natural,  and  for  which,  hopeful  as  many  are,  there  is 
but  too  much  reason.  Livingstone  has  been,  in  Africa  now  for  two  years  and  a 
half,  and  for  eighteen  months  he  has  not  been  personally  heard  from.  He  left  on 
his  last  expedition,  it  will  be  remembered,  in  March  1866,  disembarking  at  the 
mouth  of  the  Rovuma  river,  on  the  east  coast,  accompanied  by  eight  of  his  own 
liberated  Africans  and  ten  natives  of  the  Comoro  Isles,  who  have  since  gained  an 
unenviable  reputation  among  geographers  as  the  Johanna  men.  His  intention  was 
to  strike  the  north  end  of  Lake  Nyassa  with  the  view  of  settling  the  question  as  to 
its  connexion  with  the  North  Lakes,  and  then  to  proceed  on  to  Lake  Tanganika  j 
the  hostility  of  the  natives,  however,  in  this  region  frustrated  these  plans,  and  he 
consequently  bore  away  and  crossed  Nyassa  at  its  southern  end.  Snortly  after- 
wards he  was  abandoned  by  the  Johanna  men,  who  returned  to  the  coast  with  a 
circumstantial  account  of  his  murder]  and  of  that  of  his  whole  party ;  and  here, 
without  being  the  advocate  of  these  much-abused  individuals,  let  me  say  a  few 
words  which  I  think  are  in  justice  their  due.  They  were  hired  with  beads  and 
calico,  and  were  bound  to  Livingstone  by  no  other  ties :  during  their  journey  to 
Nyassa  they  had  been  in  imminent  peril  -of  being  murdered  by  other  savages,  and 
as  they  preferred  their  own  lives  to  roaming  through  Africa  in  pursuit  of  what 
they  may  be  excused  for  considering  a  tour  of  mere  curiosity,  they  took  the  first 
opportunity  of  returning,  and  like  a  good  many  other  savages  of  different  colours, 
they  excused  what  they  probably  felt  was  a  rather  shabby  proceeding  by  a  resort 
to  falsehood. 

I  have  never,  I  confess,  been  able  to  understand  why  so  much  obloquy  and  vir- 
tuous indignation  has  been  expended  on  these  savages,  or  why  so  high  a  standard 
of  morality  should  have  been  expected  of  them;  I  suspect  Livingstone  himself 
woidd  have  been  slow  to  condemn  them  :  it  was  his  custom  to  surround  himself 
with  people  whose  safety  was  dependent  on  his  own  safety,  and  no  doubt  if  he 
could  nave  got  the  Mizitu  tribes  between  them  and  the  sea,  the  Johanna  men 
would  have  remained  faithful  to  him.  However,  their  story  was  generally  credited, 
and  Sir  Roderick  Murchison  was  among  the  few  who  doubted  it ;  principally,  I 
may  say  entirely,  through  his  exertions  a  small  expedition  was  sent  out  bv  the 
Government  under  Mr.  Young,  of  the  Royal  Navy,  to  ascertain  the  truth  or  false- 
hood of  the  report.  Mr.  Young  ascended  the  Zambezi  and  the  Shirt*,  and  carrying 
his  steel  boat  over  the  cataracts  with  great  labour  and  perseverance,  he  got  on  to 
Lake  Nyassa,  where  he  soon  obtained  abundant  proof  that  Livingstone  had  passed 
on  in  safety  towards  Lake  Tanganika.  Mr.  Young  returned  early  in  this  year,  and 
has  written  an  account  of  his  successful  search. 

From  Lake  Nyassa  to  the  native  settlement  of  Ujiji  on  the  east  side  of  Tanganika, 
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where  Livingstone's  course  was  now  directed,  is  over  700  miles,  and  by  a  letter 
received  from  himself,  dated  Bemba,  1st  February,  1867,  and  brought  to  Znwgilw 
by  traders,  we  know  of  his  safety  up  to  that  date ;  he  had  then  400  miles  to  travel 
before  reaching  Ujiii,  which  he  expected  to  do  in  June.  He  described  in  this 
letter  the  hardships  ne  and  his  seven  natives  had  suffered  from  hunger,  the  loss  of 
his  medicines,  which  was  a  real  loss,  and,  to  use  is  own  words,  he  was  little  move 
than  a  bag  of  bones ;  still  he  wrote  hopefully  and  in  good  spirits,  as  no  one  ever 
knew  him  otherwise,  and  this  is  the  last  positive  information  we  nave  of 
Livingstone. 

An  ivory  trader,  who  left  Ujiji  on  October  6,  1867,  and  arrived  at  Zanzibar  early 
in  February  1868,  reports  that  Livingstone  had  not  reached  that  place  when  be  left, 
but  that  he  was  expected,  and  that  ten  days  afterwards  he  heard  from  native  report 
that  he  had  arrived  a  few  davs  subsequently ;  therefore  we  have  indirect  informa- 
tion of  his  having  reached  TJjfj i  about  the  middle  of  October  1867.  Before  we  specu- 
late on  his  subsequent  operations  we  may  premise  that  he  would  have  lost  no  op- 
portunity of  writing  to  Zanzibar  an  account  of  his  discoveries  up  to  that  time  with 
nis  future  intentions,  and  this  is  the  first  information  we  must  look  for,  and  moat 
anxiously  we  do  loot  for  it. 

Assuming,  however,  that  he  did  reach  Ujiji  during  October  1867,  he  would  have 
found  there  the  medicines  and  other  small  supplies  which  were  sent  him  at  his  own 
request  by  Dr.  Kirk,  our  consul  at  Zanzibar ;  he  would  also  have  learned  the  dis- 
coveries of  Sir  Samuel  Baker,  and  received  his  map,  by  which  he  would  see  that  be 
might,  from  the  head  of  the  Albert  Nyanza,  pass  down  the  Nile^  but  whether. 
supposing  him  to  have  chosen  this  route,  he  would  have  had  sufficient  goods  ana 
presents  to  have  satisfied  the  rapacious  chiefs  whose  countries  he  must  have  passed 
through  is  very  doubtful,  indeed  unlikely. 

But,  arrived  at  Ujiji,  Livingstone's  real  work  would  seem  but  to  have  begun  i 
there  were  great  problems  to  solve ;  there  was  the  correct  determination  of  the 
height  of  Tanganika  to  be  established ;  its  communication  or  otherwise  with  Vic- 
toria Nyanza  and  the  new  lake  of  Sir  S.  Baker,  to  be  ascertained ;  the  heights  of 
both  these  great  sheets  of  water  to  be  corroborated  j  the  extension  of  the  latter  to 
the  southward  and  westward;  all  circumstances  intimately  connected  with  the 
great  question  among  African  travellers,  which  is  the  real  source  of  the  Nile ;  and 
the  latter  (that  is,  the  extension  of  Albert  Nyanza  to  the  west)  perhaps  involving 
questions  of  equal  importance  to  geographers,  viz.  the  sources  of  the  Congo  and 
others  of  the  great  western  rivers.  With  so  much  to  do  here,  Livingstone  was  not 
the  man  to  be  lured  away  by  the  mere  iclat  of  having  traversed  Africa  from  the 
Zambezi  to  the  shores  of  the  Mediterranean. 

At  Ujiji  he  would,  with  his  people,  have  required  a  long  rest  after  the  fatigues 
of  so  considerable  a  journey,  and  difficulties  and  delavs  may  have  occurred  which 
it  would  be  useless  here  to  speculate  upon.  As  to  nis  absence,  the  work  there 
was  before  him  is  more  than  sufficient  to  account  for  it ;  the  non-arrival  of  any 
direct  intelligence  from  himself  from  Ujiji  is  the  least  hopeful  feature  of  the  case, 
though  it  is  possible  to  account  for  this  by  the  irregularity  of  the  arrival  of  carriers 
at  Zanzibar ;  those,  however,  who  know  the  great  explorer  best  are  most  sanguine 
of  his  safety.  Some  believe  that  he  may  reach  the  coast  by  the  Atlantic,  some  by 
the  Mediterranean,  and  others  again  by  the  Indian  Ocean.  If  he  is  spared  to  return 
to  us  again,  as  all  who  know  him  must  earnestly  hope,  on  personal  grounds,  as  well 
as  in  the  belief  that  there  are  great  things  yet  for  him  to  achieve,  f  incline  myself 
to  the  belief  that  it  will  be  Jby  Zanzibar ;  but  until  some  positive  information 
reaches  us  of  his  arrival  at  Ujiji,  it  would  seem  useless  to  institute  a  search  in  any 
other  direction  with  a  hope  of  success.  Once  establish  the  fact  of  his  arrival  or 
non-arrival  there,  which  would  not  appear  difficult  to  do,  and  the  question  is  re- 
duced to  far  narrower  proportions. 

I  now  approach  a  subject  of  geographical  discovery  which  has  always  been  re- 
ceived with  favour  in  this  country,  viz.  the  exploration  of  the  North  Polar  regions, 
but  in  order  to  a  clear  understanding  of  the  present  state  of  our  geographical 
knowledge  there,  and  the  prospect  of  its  future,  I  must  revert  briefly  to  the  past. 

So  early  as  the  middle  of  the  sixteenth  century  the  efForts  of  Englishmen  were 
directed  to  the  discovery  of  a  passage  from  the  Atlantic  to  the  Pacific  by  the  north. 
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or  what  is  called  the  north-west  passage  j  not  only  would  such  a  passage  infinitely 
shorten  the  distance  to  the  Pacific  and  China,  hut  it  was  the  fashion  in  these  days 
for  each  maritime  nation  to  have  its  own  route,  and  Spain  and  Portugal,  with  the 
good  offices  of  the  Pope,  laid  claim  to  the  monopoly  of  the  present  highways  of 
Cape  Horn  and  the  Cape  of  Good  Hope.  To  possess  such  a  short  and  exclusive 
one,  therefore,  close  to  our  own  doors,  was  a  great  inducement  to  persevere ; 
many  then  were  the  efforts  made,  with  no  approach  to  success  beyond  additions  to 
geographical  knowledge,  and  after  the  middle  of  the  eighteenth  century  Arctic  en- 
terprise appears  to  have  slept  for  nearly  a  hundred  years.  The  end  of  the  long  war, 
however,  left  the  navy  without  much  occupation,  and  the  subject  was  again  revived, 
chiefly  owing  to  the  able  advocacy  of  the  late  Sir  John  Barrow,  who  was  its  con- 
sistent supporter  to  the  end  of  his  life.  The  voyages  of  Parry,  Franklin,  and  others, 
in  1819  and  subsequent  years,  to  the  west  and  the  north  are  familiar  to  all.  Parrv, 
however,  never  succeeded  in  reaching  further  westward  than  Melville  Island,  in 
about  the  meridian  of  115°  ;  and  no  ship  has  ever  since  penetrated  to  the  westward 
of  his.  The  subsequent  expedition  of  Franklin  in  the  l  Erebus '  and  '  Terror/ 
which  left  England  in  1845,  and  was  never  again  heard  of  until  M'Clintock  disco- 
vered the  records  of  its  sad  fate  in  1867,  was  the  last  attempt  to  discover  a  north- 
west passage,  though  more  in  pursuit  of  scientific  investigations  than  in  the  belief 
that  any  passage  existed  which  could  be  turned  to  practical  advantage.  But  it 
was  this  interval  of  twelve  years  which  was  fruitful  in  Arctic  discovery.  Expedi- 
tion after  expedition  was  despatched  by  the  Government,  from  the  east  and  from 
the  west,  in  search  of  the  missing  navigators  with  the  full  approval  of  the  nation, 
and  with  the  frequent  cooperation  of  the  citizens  of  another  nation  (the  United 
States),  who  shared  with  us  some  important  geographical  discoveries ;  and  it  was 
during  these  years  that  the  north-west  passage  may  be  really  said  to  have  been 
made  bv  a  ship's  crew,  which  entered  the  Arctic  Ocean  by  Benring's  Straits,  and 
returned  nearly  four  years  afterwards  by  the  Atlantic.  But  no  ship  has  ever  yet 
passed  through  this  frozen  ocean  ;  though  from  the  day  that  Parry  first  stood  on 
Melville  Island  (in  1819)  and  looked  out  upon  it  to  the  westward,  no  reasonable 
doubt  could  be  entertained  but  that  there  was  water-  or  ice-communication  between 
the  two  oceans. 

The  manner  of  the  accomplishment  of  this  passage  was  thus : — In  1863  M'Clure 
reached  the  Bay  of  Mercy  in  Bankaland,  where  his  abandoned  ship,  the  '  Investi- 
gator,' now  lies  j  at  the  same  time  lay  the  '  Resolute '  at  Melville  Island,  scarcely 
more  than  150  miles  distant :  the  crew  of  the  former  walked  over  the  ice  to  the 
latter,  and  were  conveyed  to  England  in  a  third  ship. 

Whether  another  attempt  will  ever  be  made  to  force  this  150  miles  of  ice  or 
water  is  immaterial ;  it  is  certain  that  it  can  never  be  turned  to  any  practical 
account ;  but  that  vessels  will  yet  pass  from  one  ocean  to  the  other  by  this  route 
many  are  sanguine  enough  to  believe.  The  north-west  passage,  however,  has  been 
settled,  and  the  great  question  with  geographers  now,  and  especially  among  those 
who  shared  in  the  labours  and  the  honours  of  the  search  for  Franklin  and  his  com- 
panions, is  the  exploration  of  the  Polar  Sea  and  the  discovery  of  the  North  Pole 
itself. 

English  naval  men  naturally  look  upon  this  as  their  inheritance,  and  are  very 
jealous  of  it,  though  it  may  be  in  some  respects  a  barren  one.  Geographers  of  all 
nations,  while  they  earnestly  desire  its  accomplishment,  have,  with  one  consent, 
generously  accorded  the  honour  of  its  fulfilment  to  us.  The  Council  of  this  Asso- 
ciation and  the  Royal  Geographical  Society  of  London  have  exerted  all  their  in- 
fluence to  promote  the  undertaking;  the  great  geographical  authority  of  this 
country,  Sir  Roderick  Murchison,  has  been  a  consistent  and  untiring  supporter  of 
Arctic  enterprise,  and  geographers  of  all  countries  are  deeply  indebted  to  nim,  and 
have  acknowledged  their  indebtedness ;  but  I  must  take  leave  here  respectfully  to 
dissent  from  Sir  Roderick  when  he  infers,  as  I  think  he  does,  in  his  Annual  Ad- 
dress, that  the  disagreement  among  Arctic  men  themselves  as  to  the  proper  route 
to  be  followed  has  been  the  principal  cause  of  no  action  being  taken.  I  cannot 
think  this :  doctors  frequently  differ  as  to  the  mode  of  effecting  a  cure,  but  never- 
theless it  is  very  often  effected,  and  by  different  modes.  Geographers  may  differ  as 
to  the  road  by  which  they  would  prefer  to  reach  the  Pole ;  but  there  is  no  Arctic 
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officer  of  experience  who  does  not  believe  that  he  could  reach  it,  whether  by  Smita 
Sound  or  Spitzbergen. 

Let  it  be  remembered  that  we  can  never  yet  be  said  to  have  brought  steam  to 
bear  upon  Arctic  discovery ;  that  all  our  costly  searching  expeditions  of  late  yean 
have  been  searching  for  Franklin,  and  that  all  the  discoveries  they  have  made 'have 
been  incidental  to  that  search.  Any  one  of  those  expeditions  would  certainly  have 
discovered  the  North  Pole  if  such  had  been  the  object;  but  even  to  look  toward 
the  Pole  in  these  days  was  little  short  of  treason.  It  must  be  admitted  there  are 
enthusiasts  as  well  as  geographers  strong  on  this  question :  the  eminent  German 
geographer,  Dr.  Petermann,  is  so  much  an  enthusiast  in  the  cause,  that  at  his  own 
cost  he  ha3  just  sent  a  little  vessel  of  eighty  tons,  without  steam-power,  to  reach 
the  Pole  between  Greenland  and  Spitzbergen;  I  wish  I  could  hope  that  he  would 
reap  the  success  he  deserve  *.  But  the  error  which,  as  I  think,  the  advocates  of 
Polar  exploration  have  fallen  into  is  that  thev  look  upon  the  Admiralty  as  respon- 
sible for  the  discovery  of  the  North  Pole.  It  there  was  an  enemy  there,  or  a  known 
friend  in  distress,  it  would  undoubtedly  be  their  duty  to  look  after  either,  bat 
imder  present  circumstances,  it  is  no  more  within  their  province,  as  it  appears  to 
me,  than  to  place  a  squadron  of  steel  gunboats  on  the  lakes  of  Africa  to  suppress 
slavery.  I  can  imagine  that  nothing  would  be  more  congenial  to  the  individual 
members  of  that  branch  of  the  Government  than  to  adopt  both  these  glorious  ex- 
pedients, which  would  reflect  so  much  lustre  on  the  country  and  on  themselves ; 
Dut  it  is  the  country  that  must  do  these  things,  and  if  the  country  wishes  them 
done  and  will  provide  the  means,  they  will  be  done  speedily  and  effectually.  Th* 
North  Pole  is  justasmuch  a  public  question,  if  I  may  make  the  comparison,  as  the  Irish 
Church^and  if  canvassed,  possibly  might  considerably  affect  the  approaching  elec- 
tions. .Perhaps  one  of  the  most  powerful  arguments  in  favour  of  Arctic  exploration 
or  Antarctic  exploration  at  the  present  time  is  the  necessity  of  educating  officers 
and  seamen  in  preparation  for  the  great  astronomical  problem,  which  must  be 
solved  in  a  few  years*  time,  as  near  to  the  South  Pole  as  we  can  {ret ;  for  it  is  diffi- 
cult to  believe  that  this  country  will  not  take  an  important  part  in  the  solution  of 
that  great  problem ;  and  Arctic  seamen  will  not  last  for  ever,  nor  can  they  be  made  in 
a  year.  I  will  only  add  further  on  this  question  of  the  North  Pole,  that  it  appears 
to  me  to  be  one  of  those  cases  of  success  all  but  attained,  and  within  our  grasp ;  and 
I  trust  that  the  country  which  has  borne  the  heat  and  burthen  of  the  day  will  not 
be  robbed  of  the  crowning  honours. 

There  is  another  subject  connected  with  geography  in  which  I  believe  a  large 
section  of  the  public  of  this  country  feel  a  special  interest,  and  which  it  would  be 
improper  therefore  to  pass  unnoticed  here.  I  allude  to  the  research  which  has  been, 
and  is  still  being  carried  on  in  Palestine  under  the  direction  of  officers  of  the  Royal 
Engineers,  and  to  the  projected  exploration  of  a  portion  of  the  Peninsula  of  Sinai, 
which  it  is  hoped  will  oe  shortly  commenced. 

The  latter  project  originated  with  the  late  Captain  Butler,  of  the  66th  Regi- 
ment, who  made  considerable  explorations  there,  but  on  the  breaking  out  of  the 
late  war  was  recalled  to  his  regiment,  and  subsequently  fell  at  Inkerman.  It  was 
afterwards  warmly  taken  up  by  his  brother,  the  Rev.  fierce  Butler,  supported  by 
many  friends,  and  but  for  the  sudden  and  lamented  death  of  the  latter  gentleman 
a  few  months  since,  it  would  doubtless  have  been  now  in  progress.  There  is  every 
reason  to  hope,  however,  that  it  is  only  postponed.  A  few  hundred  pounds  in  ad- 
dition to  the  funds  in  hand  will  suffice  to  defray  the  cost  of  the  undertaking,  and  a 
cause  of  so  much  interest  is  not  likely  to  fail  for  want  of  public  support  On 
the  table  will  be  found  printed  papers  setting  forth  the  objects  of  the  expedition 
and  the  results  which  it  is  hoped  will  be  attained.  I  will  only  add  that  the  name 
of  Captain  Palmer,  of  the  Royal  Engineers,  who  has  been  selected  to  conduct  the 
Survey,  is  a  sure  guarantee  that  it  will  be  well  and  completely  performed. 

I  have  little  now  to  add.  I  said  I  would  dwell  briefly  on  the  practical  results 
which  mi  jrht  be  expected  to  follow  the  geographical  research  I  have  briefly  sketched 
out ;  but  it  appears  to  me  they  almost  tell  their  own  tale.  There  is  one  great  re- 
sult, however,  I  will  advert  to,  and  which,  in  the  interests  of  this  country  and  two 
of  her  great  dependencies.  I  hope  will  not  be  long  delayed,  at  least  the  commence- 
ment of  it, — I  mean  overland  communication  between  the  dominion  of  Canada  and 
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British  Columbia  on  the  shores  of  the  Pacific.  It  is  impossible,  I  believe,  to  over- 
rate the  importance  of  this  work  to  all  concerned ;  it  will  practically  unite  these 
two  great  colonies  in  British  America,  and  open  up  a  vast  and  fertile  country  where 
our  surplus  population  may  live  under  their  own  flag  instead  of  seeking  a  home 
under  another.  It  must  be  remembered  that  we  are  living  side  by  side  on  that 
great  continent  with  a  people  second  to  none  in  their  enterprise  and  perseverance ; 
that  already  they  have  carried  a  railway  from  the  Atlantic  almost  to  the  Pacific, 
and  tha£  they  are  completing  it  under  difficulties  as  great  as  any  we  should  have 
to  encounter ;  but  a  few  days  since  I  received  a  letter  from  our  Consul  at  San 
Francisco,  in  which  he  says  "  the  Pacific  railway  is  rapidly  progressing,  and  in  1870 
passengers  will  be  carried  from  New  York  to  San  Francisco  in  five  days."  If 
British  America  is  to  progress  under  the  flag  of  this  country,  and  if  we  are  to 
maintain  our  commercial  position  in  the  Pacific  and  in  China,  we  must  not  be  slow 
to  follow  this  example ;  geographers  have  done  enough  to  prove  that  the  under- 
taking is  feasible ;  Canada  and  British  Columbia  are  alive  to  the  importance  of  it, 
and  as  to  the  latter,  its  very  existence,  I  believe,  depends  upon  it. 

I  will  ask  your  permission  still  to  trespass  on  your  time  for  a  very  few  moments 
on  a  subject  which  has  lately  seriously  engaged  the  attention  of  the  Council  of  the 
Royal  Geographical  Society,  and  which  will  probably  be  of  interest  to  some  pre- 
sent. I  regret  very  much  that  Mr.  Francis  Galton,  a  distinguished  and  well-known 
member  ot  the  Association,  should  not  have  been  present  himself  to  introduce  the 
subject  to  you,  for  it  is  a  child  of  his  own,  and  he  would  have  done  far  more  jus- 
tice to  it  than  I  can.  There  has  been  a  pretty  general  feeling  among  geographers 
that,  popular  as  geography  is  in  a  practical  pomt  of  view,  it  does  not  receive  that 
attention  at  our  great  public  educational  establishments  which  its  importance  entitles 
it  to;  and  when  it  is  considered  and  acknowledged  how  essential  an  acquaintance  with 
geography  is  in  the  pursuit  of  the  study  of  history  and  other  branches  of  education, 
this  cannot  but  be  regretted.  The  Council  of  the  Geographical  Society,  then, 
with  the  countenance  of  the  heads  of  certain  of  the  principal  schools  of  the 
United  Kingdom,  have  decided  to  offer  a  certain  number  of  medals  to  be  com- 
peted for  annually,  for  the  encouragement  of  the  study  of  geography,  the  first 
competition  to  take  place  in  May  1869.  The  pamphlets  containing  tne  particulars 
of  this  proposal  will  be  found* on  the  table,  and  the  object  of  mentioning  the 
subject  here  is  to  invite  a  discussion  on  it,  and  that  it  may  be  known  before  the 
meeting  of  the  schools  in  autumn ;  possibly  those  present  who  have  sons  eligible 
for  the  competition  may  feel  inclined  to  encourage  them  to  compete ;  this  must 
be  considered  as  a  first  effort  on  the  part  of  the  Council  of  the  Society,  and 
it  is  entirely  due  to  Mr.  Galton.  If  attended  with  success,  it  cannot  be  doubted 
but  that  it  will  be  followed  by  further  encouragement  in  the  same  direction. 

I  may  not  conclude  these  remarks  without  expressing  my  sincere  regret  (in 
which  I  am  sure  I  shall  be  joined  by  all  present)  at  the  absence  of  the  man 
who,  above  all  others,  has  done  so  much  for  the  advancement  of  the  science 
which  this  Section  of  the  Association  represents.  This  Section,  indeed,  was  his 
own  creation ;  and  I  venture  to  think  it  nas  not  been  the  least  of  his  contribu- 
tions to  geography,  great  as  they  have  been.  I  need  scarcely  say  I  allude  to  Sir 
[Roderick  Murchison.  You  will  rejoice  to  know  that  it  is  no  serious  indisposition 
which  keeps  him  away  from  us.  In  a  letter  received  from  him  only  yesterday  he 
says  to  me, t(  Tell  the  Section  that  nothing  would  have  induced  me  to  be  absent 
from  the  Association,  of  which  I  have  been  a  constant  attendant  for  more  than 
thirty  years,  but  the  absolute  necessity  of  rest."  The  truth  is  that  he  has  de- 
voted himself  to  public  duties,  and  especially  those  connected  with  our  science 
during  the  past  year,  in  a  manner  that  would  have  severely  taxed  the  energies  of  a 
far  younger  man :  and  with  all  his  hopefulness  he  cannot  but  have  felt  deeply  the 
uncertainty  attacking  to  Livingstone's  fate.  I  believe  myself  that  the  hope  nearest 
his  heart  is  once  more  to  welcome  home  this  great  man,  great  in  every  sense  of  the 
word ;  and  we  must  all  earnestly  hope  that  so  fitting  a  consummation  of  a  long 
and  distinguished  public  career  may  be  in  store  for  him. 

I  am  aware  that  it  may  be  questioned  whether  this  is  the  place  or  the  occasion 
to  record  an  obituary  notice ;  and,  indeed,  the  one  I  shall  allude  to  has  been  already 
recorded  in  a  more  fitting  place,  and  by  one  more  entitled  to  pronounce  it ;  but 
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there  are  exceptions  to  all  rules,  and  I  believe  the  Association  would  not  excuse  me 
if  I  were  to  omit  on  their  behalf  a  passing  tribute  of  regard  and  respect  to  the 
memory  of  one  whose  benevolent  and  familiar  face  will  be  mournfully  missed  by 
many  here  to-day,  and  whose  long  and  industrious  life  was  passed,  even  up  to  it* 
latest  days,  in  the  pursuit  of  every  object  which  could  tend  to  the  acquisition  of 
knowledge  or  the  advancement  of  science — to  the  memory  of  John  Crawfurd. 

And  now  it  remains  only  for  me  to  thank  you  for  the  patience  with  which  yon 
have  followed  me  through  these  rambling  remarks,  which  nave  extended  far  beyond 
the  limits  1  had  intended. 

You  will  remember  that  on  the  occasion  of  the  delivery  of  the  President's  Ad- 
dress last  evening  allusion  was  made  by  one  of  the  speakers  to  the  "  cohesion  of 
atoms,"  or  the  affinity  between  certain  particles.  I  do  not  fancy  that  Professor 
Huxley  applied  the  remark  in  a  scientific  or  philosophical  sense,  but  rather  as  a 
metaphor  implying  the  attraction  or  drawing  together  which  existed  between  two 
seafaring  atoms,  such  as  the  President  and  himself;  and  it  was  precisely  this  feeling 
which,  when  Dr.  Hooker  did  me  the  honour  to  ask  me  to  preside  over  this  Section, 
prevented  me  from  saving  what  I  really  felt  prompted  to  say — you  had  better  find 
a  more  competent  authority ;  and  this  is  my  apology  for  having  accepted  the  posi- 
tion. I  certainly  have  felt  a  pride  and  satisfaction  in  being  associated  with  men 
whose  early  predilections  in  the  search  of  knowledge  and  of  truth  led  them  to 
adopt  my  profession  as  affording  the  widest  scope  to  careers  which  have  since 
led  to  eminence,  though  the  very  attainment  or  that  eminence  has  necessarily 
removed  both  to  a  sphere  of  wider  and  more  extended  usefulness. 


On  the  Victoria  and  Albert  Rivers,  North  Australia.     By  T.  Badtes. 


On  the  Native  Races  of  Abyssinia.    By  Dr.  H.  Blanc. 

Isolated  by  the  arid  regions  which  surround  it,  the  elevated  region  of  Abys- 
sinia forms  a  gem  apart  in  torrid  Africa,  the  perfection  of  a  temperate  and  healthy 
climate.  The  people  of  Abyssinia  are  a  mixed  race,  the  offspring-  of  divers  in- 
vaders ;  and  it  is  doubtful  if  such  a  thinff  as  a  pure  specimen  of  the  primordial  Abys- 
sinian race  at  present  exists.  The  Snankaias,  a  negro  tribe  who  dwell  in  the 
woods  of  the  low  country  on  the  north-western  frontier,  are  certainly  not  that 
race.  They  are  a  dark-skinned,  woolly-haired,  flat-nosed  people,  ignorant  and 
fetish-worshipping,  clad  in  the  skins  of  animals  and  armed  with  the  club.  It  wis 
not  probable  that  they  were  originally  inhabitants  of  the  highlands,  driven  to  the 
malarious  jungles  which  constitute  their  present  abode  by  a  superior  race  of  in- 
vaders. The  oldest  records  represent  the  Abyssinian  race  as  powerful,  enterprising, 
and  possessing  a  civilization  superior  to  that  of  other  African  peoples ;  and  it  is 
probable  they  have  since  degenerated  from  their  ancient  condition.  The  Abys- 
sinians  of  the  present  day  are  a  mixed  race,  in  which  the  Arab,  Jewish,  and  Gafla 
elements  are  more  or  less  combined.  The  first  of  the  divisions  of  the  race  admitted 
by  themselves  is  the  Amkara,  a  word  which  serves  to  designate  the  majority  of 
the  population.  The  Amharas  are  all  Christians.  They  are  a  handsome  and  pre- 
possessing people,  well  proportioned  and  with  large  heads^  in  which  there  is  but  a 
slight  preponderance  of  basilar  development.  The  face  is  small  in  proportion  to 
the  cranium, — the  eyes  large  and  black,  but  somewhat  devoid  of  expression, — the 
nose  straight,  or  slightly  curved, — the  lips  small,  often  rosy, — the  beard  generally 
scanty, — the  teeth  white  and  even, — the  nair  coarse,  curly,  sometimes  woolly  and 
sometimes  long.  The  hue  of  the  skin  varies  from  dark  brown  to  a  dirty  yeDow. 
The  language  is  an  impure  Gees,  with  a  mixture  of  Arabic  and  Galla  words.  The 
people  oi  Tigr6  inhabit  the  greater  portion  of  the  northern  provinces.  They  differ 
but  slightly  from  the  Amharas ;  tne  head  and  face  are  somewhat  longer, — the 
teeth  more  irregular,  long,  and  prominent, — the  eyes  smaller  and  brighter, — and 
the  face  more  angular ;  the  hair,  especially  of  the  women,  is  longer  and  liner. 
They  are  generally  darker  than  the  Amharas,  and  the  Tigre*  dialect  has  still  more 
connexion  with  Geez.  The  people  of  Lasta  seem  to  combine  the  best  points  of 
the  Amharas  and  Tigre*  nation ;  although  they  are  below  the  middle  height  they 
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aw  remarkably  well  made,  and  notorious  for  their  strength  and  agility.  They 
speak  the  Tigre*  dialect.  The  people  of  Shoa  as  a  rule  are  darker  and  taller  than 
the  Aniharas,  hut  speak  the  same  language.  In  Tigre*  and  Shoa  a  large  portion  of 
the  people  are  Mohammedans.  Besides  these  four  sections  of  Abyssinians  there 
are  several  separate  tribes.  Of  these,  the  Falashas  are  the  most  important ;  they 
are  found  in  great  numbers  in  Wolkait,  "Waggara,  and  Koura.  and  are  undoubtedly 
of  Jewish  descent.  To  this  day  they  have  retained  many  or  the  customs  of  their 
race,  observing  the  Sabbath  and  being  very  particular  in  their  food  and  other  ob- 
servances of  the  Mosaic  law.  Another  tribe  are  the  Kainaumts,  a  peculiar  people 
inhabiting  the  district  at  the  north-western  extremity  of  Lake  Tana.  They  re- 
semble in  appearance  the  Falashas,  and  are  not  improbably  a  derivation  from  the 
same  tribe.  They  observe  the  Jewish  Sabbath,  and  retain  some  of  the  Jewish 
prejudices.  Altfiou^h  they  have  a  sacred  language  of  their  own  they  speak  Am- 
nanc.  They  are  a  quiet  and  inoffensive  people,  but  so  brave  in  the  defence  of  their 
homesteads  and  sanctuaries  that  they  are  but  seldom  molested  by  their  crafty  but 
cowardly  neighbours  the  Amharas.  A  third  tribe  are  the  Agates,  who  are  of  Galla 
origin,  and  inhabit  districts  at  the  southern  end  of  Lake  Tana  and  to  the  westward 
of  Lasta.  They  are  fairer  in  skin  than  the  Amharas,  have  handsome  features  and 
are  remarkable  for  the  delicate  form  of  their  hands  and  feet,  and  for  the  fine  tex- 
ture of  their  hair.  The  land  of  the  Agaws,  bordering  on  the  district  of  Damot,  is 
one  of  the  finest  provinces  of  Abyssinia.  These  Agaws  form  a  wealthy  and 
powerful  tribe.  When  Mr.  Kassam's  mission  (of  which  the  author  was  a  member) 
passed  through  their  country  their  hospitality  knew  no  bounds,  and  their  amiable 
and  courteous  manners  and  pleasing  smiling  faces  will  ever  be  remembered. 
Although  they  have  Christian  churches  and  priests  they  are  not  looked  upon 
as  orthodox  by  the  Amharas.  They  are  a  courageous  people  in  defence  of  their 
homes,  and  tne  Emperor  Theodore  always  took  care  to  leave  them  alone.  A 
fourth  people,  the  Zalans,  are  rather  a  caste  than  a  tribe  j  they  inhabit  Dembea, 
isolated  in  small  villages,  tending  their  herds  of  cattle,  and  are  uncouth  in  ap- 
pearance. The  Waitos,  a  fifth  tribe,  inhabit  the  shores  of  Lake  Tana,  and  are 
despised  on  account  of  their  predilection  for  the  flesh  of  the  hippopotamus.  They 
are  expert  fishermen  and  ply  the  lake  in  their  bulrush  canoes.  Their  hair  is  short 
and  woolly,  but  they  have  no  further  resemblance  to  the  negro  Shankalas.  A  sixth 
tribe,  the  Figens,  inhabit  a  well-wooded  country,  south  of  Lake  Tana,  abounding 
in  elephants,  which  they  hunt,  and  bring  the  ivory  twice  a  year  to  the  markets  of 
Godjam.  A  seventh  and  last  tribe  are  the  WaUo  paUas,  a  large,  wealthy  and 
powerful  tribe  inhabiting  the  fine  plateau  that  extends  from  the  JJechilo  to  Shoa, 
They  came  originally  from  equatorial  Africa  about  the  middle  of  the  sixteenth 
century,  and  are  a  brave  race,  professing  the  Mohammedan  religion.  Now  that 
their  great  enemy  Theodore  is  no  more  they  bid  fair  to  overrun  Abyssinia,  and 
impose  on  the  debauched  and  sensual  Christians  the  false  creed  of  the  Koran. 
There  is  nothing  to  praise  in  the  character  of  the  Abyssinians  in  general. 
Beggars  infest  the  land,*  the  priests  are  ignorant  and  bigoted.  The  people 
are  adepts  at  low  treachery,  lazy,  pretentious,  and  pompous.  If  their  timorous 
nature  made  them  recoil  from  the  aaring  act  of  murdering  the  white  men,  their 
guests,  they  enjoyed  at  least  for  a  while  the  idea  of  their  importance,  and  swag- 
gered, full  of  pride,  before  the  few  helpless  individuals  their  king  detained  m  cap- 
tivity and  in  chains. 

On  the  Past  and  Present  Inhabitants  of  the  Cyrenaica. 
By  Commander  Lindesay  Bbine,  i£  JV". 

During  service  in  the  autumn  of  1867  and  the  spring  of  the  present  year,  the 
author  was  instructed  to  proceed  to  the  African  coast,  between  Berenice  on  the 
west  and  the  Egyptian  frontier  on  the  east,  a  region  embracing  Lybia  and  that  fertile 
strip  of  Africa  called  the  Cyrenaica.  It  is  the  author's  object  to  give  a  sketch  of 
the  condition  and  nature  of  the  tribes  now  settled  among  the  plateaux  and  ruined 
cities,  and  to  describe  the  traces  that  remain  of  earlier  civilizations.  Although 
Cyrene,  the  capital  of  the  Greek  colony,  is  almost  buried,  it  yet  presents  on  the 
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sides  of  its  ancient  roads  and  on  the  faces  of  the  valleys  the  most  artistic  and 
extensive  rock-cut  tombs  in  the  world.  The  excavations  conducted  by  Commander 
Porcherand  Major  Smith,  R.E.,  had  also  revealed  sculptures  not  inferior  to  those 
of  the  best  period  of  Greece.     The  coast  was  dangerous  to  approach  by  sea-  a 
defect  mitigated  during  Roman  occupation  by  the  construction  of  harbours.      Gy- 
rene is  situated  on  the  summit  of  hills  overlooking  the  sea  at  a  height  of  2O0O  feet 
After  the  cities  were  destroyed  by  successive  barbaric  invasions  on  the  fall  of  the 
Roman  Empire,  tribes  of  Bedouins  occupied  the  region,  andpitched  their  tents  under 
the  shadows  of  amphitheatres  and  Christian  churches.    The  fanatical  Islaniism  of 
other  countries  of  Northern  Africa  is  unknown  amongst  the  present  inhabitants  of 
the  Cyrenaica,  who  only  comply  with  a  few  of  the  external  forms  enjoined  by  the 
Koran.  They  are  incapable  of  comprehending  the  significance  and  grandeur  of  the 
ruined  cities  they  occupy,  or  of  profiting  by  this  beautiful  and  fertile  tract  of  coun- 
try.  The  present  population  consists  of  three  socially  distinct  classes  of  Arabs — the 
stationary,  or  city  Arab,  the  armed  Nomads,  and  the  Bedouins.    On  the  eastern 
frontier  there  is  a  mixture  caused  by  the  importation  of  Nubian  or  negro  slaves* 
At  Benghazi  (the  ancient  Berenice)  may  be  seen  every  possible  shade  of  mixture, 
the  result  of  cross-breeding.    The  chief  elements  are  the  fair  and  high-bred  Arab, 
the  tall,  well-shaped,  black  Nubian,  and  the  woolly-haired  negro;    a  resident 
Turkish  garrison  also  takes  its  part  in  the  general  mixture.    The  Cyrenaica  con- 
sists of  a  long  strip  of  table-land,  bounded  on  three  sides  by  the  desert,  and  on  the 
fourth  by  the  Mediterranean.     Its  geological  formation  consists  of  limestone,  and 
the  rock  is  much  hollowed  by  caves.    The  country  is  remarkably  fertile,  and 
nothing  can  exceed  the  beauty  of  the  scenery  on  the  heights  and  among  the  ra- 
vines.   From  the  upper  plateau,  on  which  Cyrene  was  built,  the  land  descends  in 
terraces  to  the  coast,  and  it  is  on  the  slopes  of  these  terraces  that  the  Bedouin  wan- 
derers are  most  seen.    They  are  physically  a  finer  set  of  people  than  the  Bedouins 
of  Syria,  and  more  warlike  and  aggressive.    When  young,  their  skin  is  bronzed 
but  very  soft,  and  their  dispositions  timid  and  gentle ;  but  as  they  grow  older  they 
become  darker,  their  voices  rough,  and  their  manners  thievish  and  treacherous. 
The  women  do  much  to  destroy  whatever  charm  Nature  has  given  them  by  the 
habit  of  tattooing  and,  in  some  tribes,  of  slitting  the  right  nostriL  It  is  also  common 
for  mothers  to  lengthen  the  lower  lips  of  their  female  children  and  tattoo  the  in- 
side, carrying  over  the  lines  of  tattoo  down  to  the  chin.    The  Bedouins  keep  their 
type  pure  and  their  customs  distinct ;  nowhere  can  there  be  detected  among  them 
any  mixture  of  race.   Negroes  are  sometimes  employed  as  labourers  and  are  treated 
kindly  j  but  the  author  doubted  if  they  are  allowed  to  take  a  wife  out  of  the  tribe. 
The  Bedouins  with  their  cattle  settle  on  the  maritime  plain  in  the  spring  and 
autumn,  obtaining  their  supply  of  water,  after  the  rains,  from  the  old  Roman 
reservoirs  or  wells.    They  have  but  few  camels,  but  goats  in  abundance.     Many 
families  find  excellent  shelter  in  the  numerous  limestone  caves,  which  also  serve 
for  herding  the  goats.    On  the  plain  are  numerous  surface  cavities  with  small 
openings,  which  are  used  as  caches,  for  the  purpose  of  storing  the  fodder  when  the 
Bedouins  retire  to  the  upper  grounds.  The  rocK-cut  tombs  at  Cyrene  are  inhabited 
by  the  Sheikhs  and  other  chief  Arabs.  A  large  entrance,  raised  slightly  above  the 
road,  opens  into  a  chamber  of  considerable  height  and  size,  and  this  usually  com- 
municates with  smaller  chambers  formerly  used  as  sarcophagi.    In  one  of  these 
tombs  the  author  was  received  by  the  governor  and  his  staff  on  the  occasion  of  his 
official  visit.  The  Nomad  tribes  are  dangerous  and  aggressive.    The  men  are  never 
without  their  guns,  and  if  superior  in  numbers  are  menacing  to  strangers.     They 
have  a  facility  for  rapidly  converging  upon  any  given  point  in  considerable  num- 
bers ;  and  although  many  parts  of  the  coast  appear  uninhabited,  there  is  no  part 
where,  in  a  few  hours,  some  hundreds  of  armed  Bedouins  would  not  assemble. 
On  one  occasion,  when  examining  some  ruins  on  an  apparently  uninhabited  plain. 
covered  knee-deep  with  wild  roses,  camomiles,  and  oleanders,  the  author  and 
his  party  of  officers  and  men  were  surprised  to  observe,  in  the  course  of  half  an 
hour,  streams  of  Bedouins  running  down  the  neighbouring  ravines  to  meet  them. 
The  Arab  Nomads  are  not  a  joyous  race ;  they  nave  no  amusements  or  games, 
and  by  disposition  are  sullen  and  solitary. 


Digitized  by 


Google 


:>ui 


TRANSACTIONS  OY  THE  SECTIONS.  13$ 

Physical  Geography  of  the  Queen  Charlotte  Islands.    By  R.  Brown. 

These  islands,  situated  off  the  north-west  coast  of  America,  were  first  discovered 
by  Juan  Perez  in  1774,  in  the  Spanish  corvette  '  Santiago '  j  but  they  owe  their 
designation  to  Capt.  Dixon,  of  the  merchant  ship  <  Queen  Charlotte ',  who  visited 
them  in  1787,  and  applied  the  name  of  his  ship  to  the  group.  Of  late  years  the 
discovery  of  copper  and  gold  on  these  islands,  and  their  proximity  to  the  colony  of 
Vancouver's  Island,  had  attracted  more  attention  to  them ;  but  their  coast  line  is 
still  imperfectly  known  and  their  interior  is  entirely  unexplored.  The  author 
spent  a  few  weeks  on  them  in  the  spring  of  1866,  and  was  enabled  to  obtain  some 
information  regarding  the  islands  and  their  productions.  The  chief  islands  are 
three  in  number,  separated  by  two  narrow  channels.  Their  western  shores  are 
much  more  rugged  and  precipitous  than  their  eastern  sides.  Deep  sounds  enter 
the  coasts  in  many  places  dividing  the  land  into  numerous  peninsulas.  The  whole 
surface  is  densely  covered  with  forests,  chiefly  of  coniferous  trees  and  a  thick  under- 
growth of  shrubs,  rendering  land  exploration  extremely  difficult :  it  is  possible,  how- 
ever, to  investigate  a  large  portion  of  the  country  by  boats  through  the  narrow 
inlets,  which  in  some  cases  nearly  meet  from  opposite  sides.  The  forests  contain 
no  deer,  and  are  nearly  destitute  of  large  game  for  food.  The  general  geological 
structure  of  the  islands  appears  to  be  beds  of  conglomerate,  coal,  and  metamorphosed 
sandstone  resting  on  erupted  greenstone.  The  coal  has  all  the  appearance  of  an- 
thracite, altered  Dy  igneous  rock  in  a  remarkable  manner.  Two  companies  have 
made  efforts  to  work  these  mines,  but  hitherto  without  much  success,  the  seams 
of  hard  anthracite  being  varied  with  masses  of  soft  powdery  material,  like  wet 
gunpowder.  A  fine  slate  associated  with  the  coal  is  easily  carved,  and  is  exten- 
sively used  by  the  Indians  for  making  ornaments,  such  as  elaborately  ornamented 
pipes,  flutes,  images,  &c,  for  sale  to  the  whites ;  and  many  have  found  their  way 
to  European  museums.  In  the  metamorphosed  sandstone,  casts  of  a  bivalve  shell 
are  seen  in  considerable  numbers.  Copper,  chiefly  in  sulphates  and  carbonates, 
has  been  found  at  several  places.  Though  situated  so  far  north  (between  51°  55' 
and  54°  20'  N.  lat);  the  climate  is  much  milder  than  that  of  the  mainland  further 
south.  Great  humidity  prevails,  as  in  the  rest  of  the  zone  of  coastland  north  of 
Frazer  river,  and  including  Sit&a.  On  the  1st  of  April,  when  the  author  first 
landed,  all  the  snow  had  disappeared  from  the  lowlands,  and  the  weather  was  mild 
and  pleasant ;  towards  the  end  of  the  month  humming-birds  made  their  appear- 
ance. The  Indians  (who  are  still  the  only  permanent  inhabitants)  are  known  by 
the  general  name  of  Hydahs,  and  form  one  homogeneous  people.  Physically  they 
are  a  finer  race  than  is  anywhere  to  be  seen  on  the  North  American  continent.  The 
women  are  very  good-looking,  often  tending  to  embonpoint ;  but  they  have  a  cus- 
tom of  disfiguring  the  lower  lip  by  transfixing  it  with  a  large  bone  ornament, 
causing  the  lip  to  protrude  in  a  snell-like  form.  Both  men  and  women  have  erect, 
tall  figures.  The  head  is  well  formed,  and  not  disfigured  bv  compression,  as  in 
most  of  the  southern  tribes.  Their  hands  and  feet  are  small,  and  well  shaped. 
The  colour  of  the  skin  is  fair,  and  in  the  women  there  is  a  mixture  of  red  and 
white  in  their  cheeks  not  seen  in  any  other  American  race.  The  eyes  are  hori- 
zontal. Few  of  the  men  have  any  beard  or  whisker,  bu  t  some  have  a  bushy 
moustache  and  "  imperial."  Tattooing  is  sometimes  practised,  in  patterns,  on  the 
back  of  the  hands  and  arms,  and,  in  the  women,  a  few  slight  streaks  on  the  cheeks. 
The  average  height  of  the  men  is  5  feet  10  inches,  some  of  them  reaching  6  feet, 
and  their  gait  ana  bearing  are  dignified,  totally  different  from  the  lounging,  wad- 
dling walk  of  the  flathead  tribes  of  Vancouver's  Island.  The  Hydahs  are  bold 
warriors,  but  cruel  and  vindictive ;  though  generally  friendly  to  visitors  they  are 
not  to  be  trusted,  and  have  been  guilty  of  attacking  and  murdering  the  crews  of 
small  trading  vessels.  The  claim  of  territorial  rights  and  family  pride  prevail  to 
a  great  degree  amongst  these  people.  Every  head  man  has  his  arms,  which  are 
beautifully  engraved  on  large  copper  plates  in  most  grotesque  quarterings,  and  on 
boxes  and  other  articles  belonging  to  nis  family.  The  plates  are  about  3  feet  long 
by  1 J  broad,  rather  arched,  and  about  a  quarter  of  an  inch  thick.  The  Hydahs 
excel  all  other  tribes  of  the  red  man  in  artistic  skill,  especially  in  carving,  although 
their  only  tools  are  generally  a  broken  knife  and  a  file.    Gold  bracelets  of  elegant 
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design,  busts  in  elate  and  ivory,  and  designs  for  iron  railings  to  public  buildings  in 
Vancouver's  Island  have  been  executed  by  individuals  of  this  tribe.  Engravings 
of  Assyrian  sculptures  in  the  'Illustrated  London  News'  have  served  them  for 
copies  of  these  objects  in  slate.  Their  language  differs  from  that  of  all  other  Tndian 
languages  of  North  America,  and  is  spoken  with  slight  variations  throughout  the 
islands :  the  author  stated  his  intention  of  giving  the  vocabulary  he  had  noted 
down,  in  a  general  account  of  the  Indian  languages  of  North-western  America 
which  he  was  about  to  publish,  No  sort  of  cultivated  plant  is  grown  by  the 
Hydahs  except  potatoes,  which  are  produced  in  greater  abundance  than  by  any 
other  Indian  tribe,  and  are  of  excellent  quality. 


On  the  Formation  of  Fiords,  Canons,  Benches,  Prairies,  and  Intermittent 
Rivers.    By  R.  Brown. 

With  regard  to  fiords,  or  deep  narrow  inlets  in  hilly  sea-coasts,  the  author  pointed 
out  that  they  existed  only  in  high  latitudes.  They  varied  in  length  from  two  or 
three  miles  to  one  hundred  or  more,  and  were  known  by  the  different  names  of 
inlets,  canals,  fiords,  and  lochs.  Their  nature  was  everywhere  similar,  so  much 
so  as  to  suggest  a  common  origin.  The  author  had  investigated  them  on  the  north- 
west coast  of  North  America :  the  soundings  in  them  showed  a  great  depth  of 
water,  high  precipitous  cliffs  hemmed  them  in  on  both  sides,  and  at  their  Bead  a 
valley  generally  existed.  Thev  existed  on  the  western  side  or  Vancouver's  Island, 
but  not  on  the  eastern,  showing  that  the  island  once  formed  part  of  what  is  now 
British  Columbia,  its  western  coast  being  then  the  shore  of  the  contiment.  Jeryis 
Inlet  might  be  taken  as  the  type  of  these  inlets ;  it  is  forty  miles  in  length,  while 
its  width  rarely  exceeds  one  mile  and  a  half;  the  depths  below  almost  rival  the 
heights  of  the  precipitous  sides ;  bottom  is  rarely  reached  under  200  fathoms,  even 
close  to  the  shore.  The  author  concluded  that  glaciers  were  the  agency  by  which 
inlets  were  scooped  out,  in  all  parts  of  the  world  where  they  are  now  seen.  Every- 
where in  British  Columbia  marks  of  ice-action  are  seen  on  the  sides  of  the  f  lords. 
Not  far  from  the  heads  of  most  of  them  glaciers  are  now  found  in  the  Coast  Range 
and  Cascade  Mountains,  and  marks  of  old  glacier-action  can  be  seen  2000  to  8000 
feet  below  the  summit^  and  even  near  the  sea-margin.  Canons,  or  the  deep  ravines 
through  which  many  rivers  of  Western  America  for  many  miles  pursue  their  course, 
the  author  attributed  to  erosion  by  the  fluviatile  currents,  the  action  of  which 
was  stronger  during  the  period  when  glaciers  filled  the  northern  fiords,  and  when 
the  atmospheric  precipitation  would  be  much  greater  over  the  whole  region  than  it 
is  now.  Benches,  or  terrace-like  formations  on  the  sides  of  narrow  river  valleys, 
far  above  the  present  level  of  the  rivers,  were  due  to  sudden  sinkings  of  the  level 
of  the  rivers,  on  the  wearing  or  breaking  down  of  rocky  barriers  which  impeded 
their  course,  thus  leaving  the  traces  of  their  old  beds  in  the  form  of  "  benches." 
The  existence  of  Prairies,  or  treeless  plains,  in  the  interior  of  North  America  was 
attributed  by  the  author  to  the  same  cause  as  the  formation  of  steppes  and  deserts 
in  other  parts  of  the  world,  namely,  the  deficiency  in  the  rainfall  m  the  interior 
of  continents.  Under  the  head  of  il intermittent  rivers"  the  author  enumerated 
the  streams  of  this  nature  that  he  had  observed  on  the  eastern  side  of  the  Cascade 
Mountains  in  Oregon  and  Washington  Territory,  and  explained  them  by  the  general 
aridity  caused  by  the  interception  of  the  rain-supply  from  the  Pacific  by  the  Cas- 
cade Kange,  by  the  sudden  melting  of  the  snows  on  the  Rocky  Mountains,  where 
the  rivers  mostly  take  their  rise,  and  by  the  cavernous,  volcanic  nature  of  the  sur- 
face. _____ 

On  the  Great  Prairies  and  the  Prairie  Indians. 
By  W.  Hepworth  Dixoh,  F.L.S. 

On  the  Sepulchral  Remains  of  Southern  India. 
By  Sir  Walter  Elliot,  K.S.I.,  F.L.S. 

In  most  parts  of  India  ancient  monuments  of  the  dead  are  found,  the  relies  of 
people  that  no  longer  exist,  or  whose  descendants,  if  not  wholly  extinct,  do  not 
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now  resort  to  the  same  practices.  The  most  common  kind  are  circles  of  rough 
stones  placed  close  to  eacn  other,  in  which  are  deposited  one,  or  sometimes  two  or 
three  terra-cotta  vessels  containing  burnt  bones  and  beads  or  metal  utensils. 
Others  of  greater  pretension  are  formed  by  four  large  stone  slabs  inclosing  a 
square  space,  and  covered  by  a  fifth  slab  forming  a  lid.  The  front  stone,  in  some 
cases,  has  a  circular  hole  in  the  centre  or  at  the  upper  edge,  which  the  country 
people  believe  to  be  an  entrance  to  the  dwellings  of  an  aboriginal  race  of  dwarfs. 
Sometimes  the  structures,  which  pass  under  the  general  name  of  Pandu-kuUs,  are 
oblong,  and  consist  of  two  slabs  on  each  side  and  two  covering  stones.  These  are 
occasionally  divided  by  an  internal  slab  into  two  chambers.  The  Pandu-kulis  are 
for  the  most  part  above  ground,  but  some  have  been  found  below  the  surface  and 
covered  with  earth.  Another  sort  is  peculiar  to  the  Malabar  or  Western  Coast 
and  the  table-land  above  it.  They  consist  of  a  subterranean  chamber,  excavated 
to  receive  an  earthen  vessel  4  or  5  feet  deep  and  3  or  4  in  diameter,  like  a  Roman 
amphora,  containing  the  relics,  the  whole  covered  by  a  large  discoid  stone,  which, 
from  its  resemblance  to  a  native  kodi  or  umbrella,  has  received  the  name  of  Kodi- 
kal.  Similar  convex  slabs,  propped  on  three  or  four  upright  stones,  occur  with 
them,  and  bear  the  name  oi  Topt-kah  or  "  cap-stones ; "  but  no  remains  have  been 
found  under  them. 

The  structures  on  the  Nilagiri  Mountains  in  Southern  India,  which  formed  the 
more  immediate  subject  of  the  paper,  differ  from  all  these.  Some,  crowning  the 
summits  of  the  hills  or  elevated  ridges  are  circular  walls,  constructed  of  rough 
stones,  having  much  the  appearance  of  the  old-fashioned  draw- well  Others  are 
formed  of  tall,  unhewn  stones  set  on  end,  and  inclosing  a  circular  space.  A  third 
kind  are  excavated  and  lined  with  similar  upright  slabs,  from  which  the  earth 
outside  slopes  down  on  all  sides.  A  fourth  description  are  conical  earthen  mounds. 
In  all  these,  however  much  they  differ  in  form,  the  internal  arrangement  is  the 
same.  On  digging  out  the  soil  from  the  inner  circle  one  or  more  horizontal  nar- 
row slabs  are  discovered,  always  lying  N.E.  &  S.  W.,  the  intervals  between  which 
and  the  external  boundary  are  filled  with  broken  pottery  of  a  peculiar  character, 
being  the  remains  of  tall  cylindrical  vases,  without  feet  or  handles,  formed  of  a 
succession  of  rings,  as  if  turned  on  a  lathe,  with  lids  surmounted  by  grotesque 
figures  of  men  or  animals,  and  sometimes  by  monstrous  shapes,  the  products  of  the 
potter's  fancy.  Underneath  each  horizontal  stone  is  a  flat  vessel  of  finer  pottery 
containing  the  deposits,  generally  consisting  of  fragments  of  burnt  bone,  gold 
ornaments,  metal  cups  and  tazzas,  iron  (or  more  rarelv,  bronze)  implements,  as 
knives,  spear-heads,  sickles,  razors,  &c,  mixed  with  a  little  fine  black  or  brown 
mould. 

The  paper  then  went  on  to  describe  minutely  the  excavation  of  two  of  the  more 
remarkable  deposits,  with  the  articles  found  in  each,  and  concluded  by  an  inquiry 
into  the  people  who  had  formed  them.  These  were  traced  to  a  race  called  Cu- 
rumbars,  formerly  the  dominant  inhabitants  of  the  Dekhan.  They  professed  the 
Buddhist  faith,  were  eminent  for  the  culture  of  literature  and  the  arts,  but  were 
destroyed  utterly  in  a  religious  persecution  headed  by  a  Ohola  King  of  Tanjore,  in 
the  sixth  century.  This  would  give  the  tombs  an  antiquity  of  from  1600  to  2000 
years.  The  oora  so  assumed  is  supported  by  the  fact  of  a  number  of  irregular- 
shaped  silver  punch-coins  having  been  found  in  a  kodi-kal  tomb  in  Coimbatore, 
which  were  exactly  similar  to  another  deposit  discovered  in  the  same  district,  among 
which  was  a  denarius  of  Augustus — by  no  means  a  rare  occurrence,  a  large  number 
of  Roman  coins  having  been  dug  up  from  time  to  time  not  only  in  Coimbatore, 
but  in  other  parts  of  Southern  India. 


On  the  Peninsula  of  Sinai,  and  its  Geographical  Bearings  on  the  History  of 
the  Exodus.     By  the  Rev.  F.  W.  Holland. 

The  author  had  twice  wandered  through  the  Peninsula  of  Sinai  on  foot, tracing  its 
wadys,  chiefly  with  a  view  to  ascertain  the  route  of  the  Israelites.  The  author 
discussed,  in  the  first  place,  the  evidence  for  fixing  the  position  of  Mount  Sinai 
itself.  The  long  range  of  Jebel  Tih,  forming  a  remarkable  barrier  across  the  pe- 
ninsula, enables  us  to  decide  that  the  Mount  must  lie  to  the  south  of  this  line ;  and 
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within  this  limited  region  the  claims  of  three  mountains  had  been  advocated. 
Of  these,  the  first,  Jebel  Odjmeh,  in  no  way  met  the  requirements  of  the  Bible 
narrative,  being  a  mountain  not  apart  from  others  round  which  bounds  could  be 
placed.    The  second,  Jebel  Serbal,  was  excluded  by  reason  of  its  having  no  plain 
before  it,  and  being  approached  only  by  narrow,  rockjr  wadys.    The  third,  Jebel 
Musa,  the  "  mountain  of  Moses,"  standing  alone  and  rising  abruptly  from  the  plain 
of  Wady  Er  Rahar,  seemed  to  answer  most  of  the  requirements,  and  is,  the  author 
believes,  the  true  Mount  Sinai.    Yet  there  are  many  who  believe  that  the  plain 
in  front  of  it,  which  is  only  two  miles  long  and  scarcely  half  a  mile  broad,  is  too 
small  for  the  encampment  of  the  Israelites.    The  author  was  surprised  last  year  to 
discover  another  plain,  similarly  situated,  at  the  foot  of  an  imposing  mountain,  which 
was  at  least  four  miles  broad  and  seven  miles  long ;  and  this  being  only  eight  miles 
distant  from  Jebel  Musa,  is  a  striking  proof  of  how  little  we  yet  know  of  the  topo- 
graphy of  the  country.    This  plain  is  called  Sensed,  and  its  mountain  Jebel  Urn 
Alowee.     Up  to  within  the  last  five  miles,  the  road  which  leads  both  to  Jebel 
Musa  and  Jebel  Um  Alowee  is  identically  the  same;   so  that  if  the  latter  be 
ever  brought  forward  as  a  rival  Mount  Sinai,  it  will  in  no  way  tend  to  unsettle 
any  opinions  that  may  be  formed  with  regard  to  the  previous  route  of  the  Is- 
raelites.    The  author  next  described  the  situation  of  Kephidim,  which  he  be- 
lieved he  had  satisfactorily  determined  to  be  at  a  spot  about  twelve  miles  to  the 
north  of  the  two  mounts,  where  there  is  a  narrow  pass  through  a  granitic  range, 
formed  by  the  Wady  Es  Sheikh,  suitable  as  the  post  of  defence  of  the  Amalekites. 
All  the  requirements  of  the  scriptural  account  of  the  battle  of  Rephidim  were  found 
at  this  spot.     With  regard  to  the  route  of  the  Israelites  before  reaching  this  point, 
the  author  believed  that  further  research  might  possibly  prove  that  a  large  plain 
called  Es  Seyh,  south  of  Jebel  Tih,  extending  for  a  distance  of  nearly  thirty  miles, 
had  the  highest  claims  to  be  considered  the  Wilderness  of  Sin ;  the  distance  from 
the  south-eastern  end  of  which  to  Kephidim  was  about  thirty  miles,  and  would 
correspond  with  the  three  days'  marcn  of  the  Israelites.     Along  this  they  may 
have  marched  after  their  journey  along  the  sea-coast  as  far  as  WadvGhurundel, 
and  inland  round  the  back  of  the  headland  of  Jebel  Hummam  to  Wady  Uaeit, 
The  author  had  arrived  at  the  conclusion  that  no  great  change  in  the  features  of 
the  peninsula  of  Sinai  had  taken  place  since  the  remote  period  of  the  Exodus. 


On  the  Nomade  Races  of  European  Russia.     By  H.  H.  Ho  worth. 

Russia,  as  the  scene  of  the  latest  ethnographic  changes,  offers  a  good  field  to 
begin  an  inquiry  into  the  earlier  ethnology  of  Europe,  it  being,  according  to  the 
author,  a  more  scientific  method  to  commence  such  an  inquiry  with  the  Known, 
working  back  to  the  unknown,  than  the  reverse  process.  A  wide  induction  from 
facts  and  a  careful  balancing  of  authorities  had  led  him  to  a  generally  consistent 
theory  on  the  peopling  of  southern  Russia  by  successive  waves  of  nomades, — a 
story  which  is  very  confused  as  told  by  earlier  writers.  The  following  is  a  brief 
summary  of  the  results : — In  1630  the  Kalmucks  first  crossed  the  Volga  with  a  few 
Turcomans  in  their  train.  Their  number  had  since  decreased  very  materially,  and 
they  are  all  found  in  the  government  of  Astrakhan.  In  1218  the  Tartars,  or  Turck 
race,  officered  by  Moguls,  crossed  the  same  river,  and  subsequently  founded  the  three 
Khanates  of  Kasan,  Astrakhan,  and  Crim,  which  were  successively  swallowed  up 
by  Russia.  Previous  to  1218  the  valley  between  the  Jaik  and  the  Volga,  known 
as  the  Kisschabe,  was  occupied  by  a  corrupt  Turcic  race,  represented  mainly  by  the 
Nogais,  while  in  the.  Western  Steppes  were  found  Comans  and  Petcheneys,  "both 
also  Turcic  races.  The  extension  of  the  power  of  the  Khalifat  and  the  spread  of 
Islamism  first  brought  the  Turcic  races  in  contact  with  the  Volga.  In  the  ninth 
and  tenth  centuries  they  drove  the  LTghry  out  of  their  settlement^ — a  portion  of 
them,  the  Voguls,  northwards ';  the  rest,  the  Magyars,  westwards  into  Hungary. 
Previously  to  this  date  the  Turks  were  unknown  in  Western  Europe.  Under 
their  several  names  of  Huns,  Avares,  Bulgars,  Khazars,  and  Hungars,  or  HungAiians, 
wave  of  invaders  had  succeeded  wave  across  the  Steppes,  and  gradually  infiltered 
their  blood  and  even  a  trace  of  their  language  into  Central  Europe.  But  these 
races  were  all  Finnic  or  Ugxiah.    They  all  came  from  the  same  area,  the  crowded 
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cradle-land  of  Great  Bulgaria  and  Great  Hungary,  and  were  essentially  the  same 
race  under  different  names.  This  southward  extension  of  the  Ugrian  race  (the 
underlying  race  of  all  the  European  area)  at  so  recent  a  period  is  an  important  fact, 
and  seems  to  offer  a  key  to  the  unlocking  of  that  Pre- Aryan  period  of  European 
history  known  as  Pre-histoiric. 

Rivers  and  Territories  of  the  Rio  de  la  Plata.     By  T.  J.  Hutchinson, 
M.M.  Consul  at  Rosario. 


On  the  Tehuelche  Indians  of  Patagonia.     By  T.  J.  Hutchinson, 
H.M.  Consul  at  Rosario. 


Topography  of  Vesuvius,  with  an  account  of  the  recent  eruption. 
By  J.  Logan  Lobley,  F.G.S. 

The  topography,  of  Vesuvius  was  described  in  detail  in  this  paper,  which  was 
accompanied  by  a  map  showing  the  points  of  interest  on  and  around  the  volcano, 
as  well  as  the  courses  taken  by  the  lava  streams  emitted  during  the  eruption  of  1631 
and  the  succeeding  eruptions  of  the  last  and  present  centuries.  The  portion  of  the 
surface  of  the  mountain  covered  by  the  lava  of  the  late  eruption  up  to  the  time  of 
the  author's  ascent,  was  also  indicated  on  this  map.  The  author  then  pointed  out  that 
the  mountain  previous  to  the  first  of  the  historical  eruptions,  that  of  a.d.  79,  was 
a  simple  widely-spreading  cone  having  a  single  great  crater,  and  that  it  then  had 
every  appearance  of  being  an  extinct  volcano.  Besides  overwhelming  Herculaneum, 
Pompeii,  and  Stabiae,  the  eruption  of  79  left  another  great  memorial  of  its  occur- 
rence in  the  destruction  of  half  of  the  enclosing  wall  of  the  great  and  ancient  cra- 
ter, and  in  the  formation  of  that  which  has  gradually  grown,  by  the  accumulation 
of  the  eiectamenta  of  successive  eruptions,  to  be  the  present  great  cone  of  Vesuvius. 
It  was  thus  that  this  memorable  catastrophe  changed  Vesuvius  from  a  simple  trun- 
cated cone  to  the  double-peaked  and  picturesque  mountain  of  modern  times,  to  a  por- 
tion of  which  the  Italians  give  the  name  of  Monte  Somma,  and  to  the  remainder 
Vesuvio.  This  part  of  the  paper  was  illustrated  by  a  series  of  diagrams  showing 
the  changes  which  have  successively  taken  place  in  the  form  of  the  volcano. 

The  succeeding  portion  of  the  paper  described  the  author's  ascent  to  the  crater 
during  the  eruption  of  1868,  and  gave  particulars  of  the  phenomena  displayed  by 
the  volcano  and  observed  during  the  month  of  March  in  that  year.  The  inclina- 
tion of  the  sides  of  the  great  cone  was  found  to  be  40°,  and  the  lava  was  flowing 
in  many  small  streams  near  the  Hermitage  at  the  rate  of  300  yards  per  hour. 


The  Gold-field  of  South  Africa.    By  Dr.  Mann,  Superintendent  of  Education 
and  Special  Commissioner  of  the  Natal  Government. 

In  this  paper  Dr.  Mann  described  Carl  Mauch's  discovery  of  old  workings  for . 
gold  on  the  nigh  ground  between  the  Limpopo  and  Zambesi  rivers.  Herr  Mauch 
has  been  for  some  time  bent  on  making  his  way  through  the  African  continent 
from  south  to  north.  He  started  from  Natal  some  Your  years  since,  and  in  1864  was 
in  the  Transvaal  territory.  In  that  year  he  accompanied  an  old,  well-known  ele- 
phant hunter,  Mr.  Hartley,  on  one  of  his  expeditions  beyond  the  Limpopo.  The 
trip  led  them  from  the  neighbourhood  of  Pretoria  across  the  Limpopo,  and  along  its 
west  side,  until  the  river  entered  upon  its  eastward  bend,  when  the  hunter  climbed 
a  high  granitic  table-land  forming  the  water-shed  between  the  Limpopo  and 
Zambesi  rivers  in  Mosilikatze's  territory,  about  the  28th  meridian  of  longituae.  In 
this  region,  on  the  27th  day  of  Julv,  Mr.  Hartley  directed  his  companion's  attention 
to  some  curious  holes  that  he  had  stumbled  upon,  obviously  made  artificially  in 
masses  of  quartz  rock.  Herr  Mauch  found  in  the  situation  indicated  a  vein  of 
quartz  rock  about  4  feet  thick,  penetrated  in  one  place  by  a  pit  10  feet  in  diameter, 
and  containing  at  the  bottom  fragments  of  quartz,  slag,  coal,  ashes,  and  broken 
blast-pipes  made  of  clay.    On  commencing  his  search  he  lit  upon  a  considerable 
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number  of  other  pits  scattered  about  in  various  directions,  and  from  these  pits  he 
collected  bright  lead-ore  containing  silver,  and  fragments  of  quartz  rock  impregnated 
with  gold.  The  pits  were  spread  over  a  tract  of  land  about  two  miles  long  and  a 
mile  and  a  quarter  broad.  The  exploration  was  subsequently  carried  in  a  north- 
east direction  to  within  40  German  miles  of  the  Portuguese  settlement  of  Tete,  on 
the  Zambesi ;  and  other  tracts  unquestionably  gold-bearing  were  noted.  A  limited 
number  only  of  gold-bearing  specimens  of  rock  were  taken  away,  in  consequence  of 
the  jealous  watching  of  natives  appointed  for  the  purpose  by  the  chief ;  Dut  pre- 
cious metal  of  the  value  of  200  dollars  was  extracted  from  one  of  the  fragments. 

The  distance  from  the  Megaliesberg,  in  the  Transvaal,  to  Mosilikatze's  chief  place 
was  found  to  be  224  hours  of  actual  travelling  by  ox-wagon.  Gold  was  observed 
through  a  territory  stretching  around  this  centre  for  about  200  miles  in  a  direction 
from  south  to  north.  The  southernmost  part  of  the  gold  district  lies  on  the  Um- 
kosi  river  and  in  a  mountain-range  to  the  east  of  Mosilikatze's  Kraal,  and  also  at 
Kumalo,  near  the  19th  parallel  of  south  latitude.  The  water-drainage  of  this  part 
of  the  country  is  southwards  into  the  Limpopo.  The  northern  part  of  the  district 
lies  upon  the  rivers  Sechwechene,  Sepakwe,  Umzwerve  and  Umfule,  all  tributaries 
of  the  Zambesi,  and  flowing  to  the  north.  The  southern  portion  of  the  auriferous 
track  is  upon  about  the  same  meridian  of  longitude  as  the  mouth  of  the  Kei  river, 
the  northern  portion  on  the  same  meridian  as  the  capital  of  the  colony  of  Natal. 

Carl  Mauch  entertains  no  doubt  whatever  that  there  is  a  very  large  and  rich  tract 
of  gold-bearing  land  in  this  high  table.  It  is  well  known  that  gold  is  worked  for 
Portuguese  goldsmiths  at  Tete,  and  that  it  has  been  exported  for  a  long  period  of 
time  from  Sofala,  possibly  the  source  whence  it  was  sent  to  Ophir,  in  the  Persian 
gulf,  in  the  days  of  Solomon.  It  appears  almost  certain  that  Carl  Mauch  has  stum- 
bled upon  the  great  source  whence  the  gold  of  Tete,  and  of  the  ships  of  Tarahisfa, 
.has  been  primarily  derived,  and  that  there  were  rude  workings,  most  probably  by 
natives,  for  procuring  the  precious  metal  on  this  very  spot  in  past  times.  In  one 
place  there  was  a  vem  of  quartz  that  had  been  worked  out  to  a  depth  of  six  feet, 
and  that  had  then  been  filled  in  with  earth,  in  which  trees  seven  inches  in  diameter 
were  now  growing. 

Very  considerable  attention  has  naturally  been  drawn  to  the  discovery  of 
Herr  Mauch,  who  had  gone  down  himself  into  Natal  to  communicate  his  observa- 
tions in  detail  to  the  colonial  authorities.  Various  prospecting  and  exploring  parties 
were  in  the  course  of  formation,  and  there  is  no  doubt  that  under  the  powerful 
influence  of  the  proverbial  "  sacra  fames  "  the  exact  character  and  value  of  this 
interesting  district  will  shortly  be  ascertained. 


On  the  Physical  Geography  of  the  Portion  of  Abyssinia  traversed  by  the 
English  Expeditionary  Force.     By  Clements  R.  Mabkhak. 

The  region  traversed  by  our  military  expedition  consists  of  a  series  of  mountains 
and  plateaux,  extending  north  and  south  upwards  of  300  miles,  and  forming  the 
water-shed  between  the  Nile  and  the  Red  Sea.  It  is  divided,  with  reference  to 
the  streams  which  form  the  sources  of  Egypt's  fertility,  into  three  distinct  regions: 
— I.  The  region  drained  by  the  Mareb:  2,  that  drained  by  the  Atbara;  and  3, 
that  by  the  Abia,  or  Blue  Nile.  From  the  eastern  flanks  of  these  mountains  only 
small  torrents  flow  down,  which  are  dried  up  by  the  scorching  heat  as  they 
approach  the  Red  Sea :  while  on  the  western  side  the  rivers  have  long  courses 
through  deep  valleys.  But  the  Abyssinian  highlands,  though  from  their  elevation 
of  7000  to  10,000  feet  above  the  sea  they  enjoy  a  delightful  climate,  are  not  so 
favourably  situated  with  regard  to  moisture  as  several  other  temperate  regions 
within  the  tropics.  But  a  small  sprinkling  of  rain  falls  on  the  eastern  coasts, 
opposite  the  and  wastes  of  Arabia,  during  the  winter  and  spring  months,  when 
easterly  winds  prevail.  Abyssinia  has  to  look  to  the  equator  for  most  of  her 
moisture,  when  the  sun  marches  to  the  north,  after  having  pumped  up  the  neces- 
sary water  from  the  Indian  Ocean.  Then,  from  June  to  September,  she  gets  her 
rainy  season ;  for  her  mountains  are  high  enough  to  reach  and  condense  the  mois- 
ture that  is  hurrying  northwards,  and  to  bring  it  down  to  deluge  and  fertilize  the 
plateaux  and  valleys.    As  the  clouds  progress  northwards  much  of  their  moisture 
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has  already  been  discharged,  and  the  northern  part  of  the  country,  which  ia 
drained  by  the  Mared,  is  consequently  much  drier  than  the  more  southerly  pro- 
vinces.   The  first  part  traversed  by  the  British  troops  comprised  the  southern 
portion  of  the  province  of  Akula-guzay  and  that  of  Agaiue*.   It  consists  of  plateaux 
at  an  elevation  of  8000  feet  above  the  sea  j  of  mountain  masses  and  ridges  rising 
to  a  height  of  from  9000  to  11,000  feet ;  of  wide  valleys  surrounded  by  the  plateaux, 
at  a  height  of  7000  feet,  and  of  deep  ravines  and  river-beds  elevated  from  4500  to 
6000  feet  above  the  sea.    The  plateaux  are  composed  of  sandstone  overlying  a  forma- 
tion of  schistose  rock,  4000  feet  thick,  which  rests  on  gneiss.    Grand  peaks  rise 
from  the  plateaux,  frequently  with  flat  tops  and  scarped  sides.    The  valleys,  sur- 
rounded by  the  steep,  scarped  sides  of  the  plateaux,  are  tolerably  well  watered 
and  yield  good  crops  of  grass  and  corn.    One  of  these  valleys  is  seen  from  the 
road  leading  from  Senafe*  to  Adigerat,  and  well  illustrates  some  of  the  most  strik- 
ing features  of  Abyssinian  scenery.    Just  as  peaks  rise  from  the  surface  of  the 
Slateau,  so  hills  rise  up  out  of  the  valley  itself,  from  sides  exactly  like  those 
escending  from  the  plateau,  and  with  flat-topped  summits  corresponding  exactly 
with  the  plateau  level.    One  of  these  valley  hills  is  the  Arriba  of  Debra  Damo, 
famous  in  Abyssinian  history.    The  general  effect  of  such  scenery  is  most  striking. 
It  gives  the  idea  of  a  dead  level  plain,  which  had  been  cut  into  oy  floods,  forming 
ravines  and  valleys,  but  leaving  portions  of  the  plateau  in  their  midst  as  islands, 
just  as  navvies  leave  earth-pillars  to  measure  the  depth  of  their  excavations.     The 
third  great  physical  feature  is  the  deep  ravines  and  river-beds,  which  carry  off  the 
drainage,  on  the  one  hand  to  the  Mareb,  and  on  the  other  to  the  coast.    The 
deepest  of  these  gorges  are  towards  the  Red  Sea,  and  form  the  magnificent  scenery 
of  the  passes.    On  leaving  Adigerat  the  expedition  entered  upon  the  second  phy- 
sical region,  drained  by  the  affluents  of  the  Atbara,  and  extending  to  the  valley  of 
the  Taccaze".    The  northern  half,  as  far  as  Antalo,  consists  of  sandstone  and  lime- 
stone, the  southern  half  wholly  of  volcanic  rocks.    The  important  mountain  knot 
of  Haral  ends  abruptly  towards  the  south  at  a  point  about  eight  miles  south  of 
Adigerat,  and  divides  tne  drainage  of  Mareb  from  that  of  the  Atbara.    Looking  at 
these  mountains  from  the  great  plain  of  Haramat  to  the  south,  they  appear  like  a 
mighty  wall  rising  suddenly  from  the  plain,  bold  sandstone  cliffs  with  flat  tops, 
surmounted  here  and  there  by  truncated  cones,  with  higher  peaks  in  the  interior 
of  the  mountain  knot  rising  above  them.    At  the  southern  end  of  the  plain  of  Hara- 
mat the  character  of  the  country  changes  j  there  is  a  descent  of  upwards  of  1500 
feet,  and  the  scenery  passes  from  a  temperate  to  a  dry  subtropical  type.    A  broken 
hilly  country  continues  thence  to  the  great  stony  plain  of  Antalo.    The  country 
between  Antalo  and  Magdala  is  a  mountainous  region  entirely  composed  of  vol- 
canic rock,  but  it  is  divided  into  two  very  distinct  parts  by  the  river  Taccaze".   That 
to  the  north  is  an  elevated  ridge,  crossed  by  several  lofty  ranges  of  mountains  j 
that  to  the  south  is  a  plateau  of  still  greater  height,  cut  by  ravines  of  enormous 
depth.     The  latter  is  drained  by  the  principal  affluents  of  the  Blue  Nile.     South 
of  Antalo  the  scenery  becomes  grander,  the  vegetation  more  varied  and  more 
abundant,    and   the   supply   of  water    more    plentiful.      The  peculiar  feature 
of  the  whole  region  is  that,  while  the  backbone  of  the  mountain  system  runs 
north  and  south,  it  is  crossed  by  ranges  of  great  elevation  running  across  it  in 
the  direction  of  the  drainage  and  dividing  it  into  sections.    The  mountainous 
country  between  Makhan  and  the  basin  of  Lake  Ashangi  is  about  fourteen  miles 
across.     It  is  well  wooded,  the  hill-sides  being  covered  with  junipers  as  tall  as 
Scotch  firs,  flowering  St.  John's-worts  growing  as  trees,  and  a  heath  with  a  white 
flower.     Tne  view  ttom  the  southern  edge  of  this  highland  is  magnificent.    Far 
below  lies  the  bright  blue  lake  of  Ashangij  bordered  by  a  richly-cultivated  plain 
ind  surrounded  by  mountains  on  every  side.     The  lake  is  without  an  outlet, 
d though  lying  on  the  edge  of  a  vast  extent  of  country  at  a  much  lower  elevation. 
it  is  some  4  miles  long  by  3  broad,  and  lies  8200  feet  above  the  sea-level.    As  the 
vater  is  fresh,  the  outlet  is  probably  obtained  by  percolation  at  some  point  on  the 
eastern  side.    The  part  of  the  Lasta  province  south  of  the  lake  is  broken  up  into  a 
ucceseion  of  mountain  spurs  and  deep  ravines,  fertile  and  well  watered.    South  of 
he  Taccaze"  the  nature  of  the  country  attain  entirely  changes.     A  mighty  wall 
ises  up,  2600  feet  high,  and  ends  in  a  level  summit,  forming  the  edge  of  the 


Digitized  by 


Google 


140  .    REPORT— 1868. 

Wadela  'plateau.    With  the  exception  of  clumps  of  kosso  and  juniper  round  the 
churches,  Wadela  plain  is  without  either  trees  or  shrubs.    The  scenery  is  'wild  and 
desolate,  not  unlike  that  of  the  interior  of  the  Orkney  Islands.    The  Jidda  river 
separates  the  Wadela  from  the  Dalanta  plateaux.    The  height,  where  the  river 
separates  them,   is  about  9200  feet,  ana  it  seems  evident    that    they    formed 
once  a  single  mass  of  columnar  basalt,  through  which  the  Jidda,  in  the  course  of 
agesj  has  gradually  worn  its  way  down  to  a  depth  of  3600  feet,  carrying  counties 
millions  of  tons  or  earth  away  to  fertilize  the  plains  of  the  Lower  Nile.     The  flora 
on  the  Dalanta  plateau  is  very  English,  consisting  of  dog-roses,  the  nettle,  yellow  and 
purple  Composite,  clover,  and  plantain.   The  ravine  of  the  Bechilo,  on  its  southern 
edge,  is  even  deeper  than  that  of  the  Jidda,  being  only  5040  feet  above  the  sea. 
To  the  south  of  the  Bechilo  rises  the  Magdala  system,  or  knot,  of  mountains. 
Magdala  itself  is  a  mass  of  columnar  basalt,  with  scarped  perpendicular  sides,  and 
with  a  plateau  on  the  top,  about  two  miles  long  by  half  a  mile  wide.     It  it  9060 
feet  above  the  sea-level.    Besides  Magdala,  the  system  is  composed  of  the  peak  of 
Selassie  and  the  plateau  of  Fala,  the  three  being  connected  by  saddles  at  lower 
elevations.    They  are  not  in  a  line,  but  form  an  angle,  of  which  Selassie  is  the 
apex  and  Magdala  and  Fala  the  two  legs.    The  Magdala  district  is  simply  a  portion 
of  the  great  basaltic  mass  of  Dalanta,  which  has  been  cut  up  and  furrowed  oy  the 
action  of  water  during  many  ages,  leaving  the  hills  as  isolated  bits  of  the  original 
plateau. 

On  the  North-East  Turkish  Frontier  and  its  Tribes. 
By  W.  Gifpobd  Palgbave. 
The  region  treated  of  by  the  author  was  the  mountainous  district  bordering 
Russian  Georgia,  and  lying  parallel  to  the  range  of  the  Caucasus — a  journey 
through  which  he  performed  in  the  summer  of  1807.  The  country  is  diversified  by 
fertile  valleys,  admirably  adapted  for  human  habitation  and  increase.  An  unex- 
pected sight  met  his  view  in  these  remote  places — a  teeming  population,  which 
had  been  gathered  together  during  the  last  few  years,  and  which  presented  signs 
of  the  formation  of  a  new  nationality.  The  difficulty  of  access  to  the  valleys, 
owing  to  the  nature  of  the  mountain  passes  by  which  they  are  reached,  gfives  them 
the  advantages  of  natural  fortifications,  and  they  are  well  provided  with  all  the 
inhabitants  could  require,  either  for  successful  defence  or  to  gather  forces  and  to 
issue  forth  against  an  enemy.  Fifty  years  ago  this  part  of  the  world  was  thinly 
peopled,  hardly  exceeding  the  proportion  of  ten  or  fifteen  inhabitants  to  the 
square  mile ;  at  the  present  moment  it  is  teeming  with  life,  consisting  of  emi- 
grant Turcoman  tribes,  Kurds,  Georgians  and  Circassians ;  some  having  crossed 
the  frontier  to  escape  from  the  overwhelming  tyranny  of  Russia,  and  others 
driven  from  their  homes  by  the  results  of  Persian  anarchy.  The  author's  journey 
commenced  at  Kara,  accompanied  by  the  Pacha  and  a  numerous  cavalcade  of 
chieftains  and  their  followers,  who  wished  to  manifest  by  this  display  their 
respect  for  a  British  official ;  the  author's  course,  in  a  straight  line,  was  about 
140  miles,  but  the  ground  travelled  over  was  nearly  double  that  distance,  as  be 
diverged  to  the  right  and  the  left  to  visit  the  various  places.  The  scenery 
throughout  was  most  magnificent  and  beautiful,  far  surpassing  any  thing  seen  in 
Switzerland.  All  the  chieftains  and  governors  in  the  region  belong  to  one  ruling 
family,  which,  by  intermarriage  with  fresh  arrivals,  and  forming  an  advantageous 
admixture  of  races,  has  continually  produced  men  of  good  sense  and  great  power 
in  action.  The  intellectual  and  physical  superiority  which  the  men  of  this  family 
display  was,  doubtless,  due  to  their  Georgian  mothers,  the  chiefs  having  mostly 
married  women  of  this  race,  who  are  still  distinguished  for  their  beauty.  From 
every  height  the  author  crossed,  new  vistas  were  opened  out  of  valleys  dotted  with 
flourishing  villages  full  of  new  white  houses,  surrounded  generally  with  a  ring  of 
gardens  and  a  much  wider  circle  of  outer  cultivation.  One  Pasha  told  the  author 
that  in  his  father's  time  there  were  fifteen  villages ;  they  now  numbered  eighty- 
three,  some  with  twenty,  some  with  sixty,  and~some  with  two  hundred  houses. 
He  also  explained  whence  the  population  came.  The  Turcomans,  whose  country 
has  been  conquered  by  the  Russians,  are  discontented  with  the  Russian  Govern- 
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menfc,  and  are  'continually  on  the  look-out  for  opportunities  to  settle  elsewhere. 
Ajjents  were  employed  to  let  these  people  know  that  if  they  would  come  and  settle 
within  the  Turkish  territory  they  would  receive  grants  of  land  and  assistance  to 
build  their  houses,  with  the  enjoyment  of  full  civil  and  religious  liberty.    The 
consequence  was,  that  every  year  an  average  of  about  5000  individuals  of  this 
character  cross  the  frontier.    The  Russians  are  also  driving  out  the  warlike  Cir- 
cassians, who,  under  Schamyl,  so  long  resisted  their  forces,  and  along  with  them  a 
large  number  of  entirely  peaceful  Circassians,  by  the  vexatious  and  arbitrary  arrange- 
ments to  which  they  are  exposed.   These  people  all  seek  a  refuge  in  Turkey,  and  are 
located  in  the  Mount  Ararat  district.    Besides  these  the  lands  are  further  colonized 
by  Kurdish  tribes,  driven  out  of  their  own  country  by  the  anarchial  state  of  Persia. 
These  people,  who  are  herdsmen,  and  prefer  a  pastoral  life,  find  a  new  home  in 
these  rich  pastures.     All  these  men  of  different  races  are  not  only  nobles  and 
peasants,  they  are  soldiers,  all  animated  by  a  common  spirit  in  favour  of  an 
Asiatic  nationality — a  spirit  which  has  been  aroused  by  the  sense  of  a  common 
danger,  and  which  supplies  a  common  bond  of  union.    The  ruling  family  of  the 
incipient  nationality  was  generally  known  as  that  of  the  Trebizondes,  from  the  cir- 
cumstance that  its  founder  was  appointed  Governor  of  Trebizond  in  the  time  of  Mo- 
hammed the  Second.    Speculating  upon  the  prospects  of  this  new  people,  the 
author  said  they  might  remain  united  with  the  Ottoman  Empire,  and  become  an 
effectual  barrier  to  the  further  encroachments  of  Russia,  or  they  might  form  an 
independent  nationality,  and,  as  our  allies  and  friends,  help  to  develope  the  great 
means  of  communication  between  Europe  and  India  by  the  valley  of  the  Euphrates 
and  Tigris,  of  which  they  hold  the  key. 


Description  of  Hong  Kong.     By  Gbanville  Sharp. 


On  the  Uigurs.     By  Prof.  A.  YJLmx&ily. 

The  Uigurs  are  the  most  ancient  of  the  Turkish  tribes,  and  formerly  inhabited  a 
part  of  Chinese  Tartary,  which  is  now  occupied  by  a  mixed  population  of  Turks, 
Mongols,  and  Kalmucks.  They  were  the  first  who  reduced  the  Turkish  language 
to  writing,  borrowing  the  characters  from  the  Nestorian  Christians,  who  came  to 
their  country  as  early  as  the  fourth  century  of  our  era.  The  manuscripts  of  this 
language,  written  in  the  characters  mentioned,  afford,  therefore,  the  most  ancient 
and  valuable  data  in  investigating  the  history  of  Central  Asia — nay  of  the  whole 
Turkish  race.  But  these  monuments  are  of  great  scarcity ;  the  author  believed  he 
had  collected  all  that  had  been  discovered  of  the  Uigur  language.  It  was  an  inte- 
resting fact  that  the  Uigurs  had  a  literature,  and  were  very  fond  of  books,  at  a 
time  when  our  western  world  was  involved  in  ignorance  and  barbarism.  The 
most  valuable  manuscript  the  author  had  obtained  oore  the  date  of  1069,  and  was 
written  in  Kashgar ;  it  treats  of  ethics  and  political  subjects,  and  forms  a  kind  of 
manual  of  advice  to  kings  how  to  govern  with  justice  and  success.  It  reveals  to 
us  the  social  condition  of  this  interesting  people,  and  forms,  so  to  say,  the  basis  of 
the  later  regulations  by  which  all  Turks  are  governed.  The  author,  having  com- 
pleted last  year  his  '  Philological  Researches  in  the  Turkish  of  Central  Asia/ 
was  now  about  to  publish  a  treatise  on  '  Uigur  Linguistic  Monuments/  which 
would  contain  more  of  the  remains  of  Uigur  literature  than  had  hitherto  been  made 
known.  He  intended  also  to  show  that  the  Tartars  of  ancient  times  were  not 
such  barbarians  as  they  now  are,  and  that  their  civilization  was  earlier  than  that 
:>f  the  West. 


Overland  Route  through  British  North  Anterior.     By  A.  "Waddingtok. 

The  author  had  devoted  several  years  in  British  Columbia  to  the  exploration  by 
iimself  and  his  agents  of  the  various  routes  through  the  Cascade  and  Rocky 
If  ountain  ranges,  with  a  view  to  discovering  the  best  line  for  an  overland  route 
xtending  from  Canada  to  the  coast  of  the  Pacific.    The  author  believed  that  he 
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had  satisfactorily  solved  this  question,  and  that  a  practicable  line,  even  far  a  rail- 
road, had  been  found  to  exist  from  the  plains  of  the  Saskatchewan  through  Yellow 
Head  Pass  and  across  the  central  plain  of  British  Columbia  to  Bute  Inlet.  The 
latter,  which  penetrates  the  coast  about  100  miles  to  the  north-west  of  the  Fraser 
River,  had  moreover  the  advantage  of  possessing  a  fine  and  secure  harbour,  and  of 
being  accessible  to  vessels  all  the  year  round.  The  author  pressed  the  great  prac- 
tical importance  of  this  subject,  owing  to  the  approaching  completion  of  the  gTeat 
Pacific  Railroad  through  the  United  States,  which  would  lead  to  the  transfer  of 
the  China  and  Eastern  trade  from  Europe  to  the  New  World,  whilst  at  the  same 
time  a  shorter  and  a  better  route  through  British  territory  could  be  shown  to 
exist.  The  result  of  the  author's  geographical  investigations  was  to  prove  that 
the  physical  difficulties  standing  in  the  way  of  a  railroad-undertaking'  through 
British  ground  were  not  of  great  magnitude.  It  had,  in  the  first  place,  been 
hitherto  generally  believed  that  the  country  north  of  Lake  Superior  was  broken 
and  barren  in  the  extreme,  thus  rendering  it  totally  unfit  to  serve  for  an  over- 
land communication  with  the  West ;  so  that  the  only  feasible  road  to  connect 
Canada  with  the  north-west  territory  and  the  Pacific  must  be  through  Min- 
nesota. But  the  explorations  which  were  made  last  year  by  the  Canadian  Go- 
vernment showed  that  a  vast  tract  of  level  country  lies  to  the  north  of  the  hills 
which  surround  Lake  Superior,  and  that  good  crops  of  wheat  are  raised  in  this 
region,  in  lat.  49°.  From  Ottawa  to  the  mouth  of  the  Montreal  river,  280  miles, 
the  country  presents  no  serious  obstacle.  The  ground  hence  to  within  a  distance 
of  280  miles  of  the  River  Nipigon,  in  long.  88°  25',  was  found  to  be  "  most  favour- 
able." Further  west  there  is  a  considerable  amount  of  sterile  country  j  but  beyond 
the  Lake  of  the  Woods  commences  the  great  plain  of  the  Saskatchewan,  which 
extends  to  the  foot  of  the  Rocky  Mountains,  and  presents  one  thousand  miles  of 
easy  ground  for  the  construction  of  a  railway,  besides  possessing  a  fine  climate  and 
a  fertile  soil.  Unlike  the  arid  American  desert  further  south,  through  which  the 
Pacific  Railroad  of  the  United  States  has  to  pass,  the  British  line  would  pass  over 
one  of  the  richest  countries  in  the  world,  and  one  of  the  best  adapted  for  settle- 
ment. The  most  practicable  and  suitable  line  for  crossing  the  mountains  was  the 
northern  route,  by  the  Yellow  Head  Pass  and  over  the  Cailcoaten  Plain,  which 
led  to  the  road  explored  and  opened  by  the  author  to  the  Pacific  port  at  the  head 
of  Bute  Inlet.  Thus  the  road  throughout  lay  at  a  considerable  distance  from  the 
United  States  boundary.  The  distance  across  the  continent,  from  Montreal  to 
Bute  Inlet,  by  this  line  was  almost  exactly  3000  miles,  whilst  the  distance  from 
New  York  to  San  Francisco  by  the  Pacific  Railroad  was  3230  miles.  In  winter, 
when  access  to  Montreal  by  the  St  Lawrence  is  prevented  by  the  ice,  the  starting- 
point  would  be  Shippigan,  which  would  reverse  the  difference  by  359  miles  m 
favour  of  New  York.  The  whole  country,  from  Ottawa  to  the  Rocky  Mountains, 
along  which  the  proposed  railway  would  run,  is  fertile,  and  fit  for  settlement, 
except  some  portions  of  the  interval  of  286  miles  between  the  Nipigon  and  Wini- 
peg  rivers,  wnich  are  composed  of  Silurian  rocks,  and  are  comparatively  sterile. 
The  difficulties  in  regard  to  climate  are  not  so  cpreat  as  they  have  Deen  supposed  to 
be.  As  a  general  rule,  railway  trains  run  regularly  all  winter,  with  the  exception 
of  an  occasional  snow-storm ;  and  further  to  the  west  the  quantity  of  snow  in 
winter  diminishes  with  the  decrease  of  atmospheric  moisture.  On  the  plain  of  the 
Saskatchewan  snow  does  not  pack  more  than  14  inches  thick,  and  evaporates 
quickly.  The  isothermal  lines,  indeed,  in  crossing  the  North  American  continent, 
curve  northwards  towards  the  Pacific  coast,  ana  show  an  increase  in  mean  tem- 
perature over  the  Atlantic  coast  equal  to  11°  of  latitude.  At  Victoria,  in  Van- 
couver's Island,  snow  rarely  falls,  and  the  Arbutus  grows  in  the  open  air  to  the 
size  of  a  tree,  the  climate  resembling  that  of  Nantes  in  France,  owing  to  the 
direction  of  the  trade-winds  in  the  Northern  Pacific.  Vancouver's  Island  lies 
nearer  Eastern  Asia,  at  least  to  sailing-vessels,  than  California ;  for,  according  to 
Capt.  Maury,  "the  trade-winds  place  Vancouver's  Island  on  the  wayside  of  the 
road  from  China  and  Japan  to  San  Francisco  so  completely,  that  a  vessel  trading 
under  canvas  to  the  latter  place  would  take  the  same  route  ns  if  she  were  bound 
to  Vancouver's  Island ;  so  that  all  return  cargoes  would  naturally  come  there,  in 
order  to  save  two  or  three  weeks,  besides  risk  and  expense/'    The  author  concluded 
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by  stating  that  the  best  and  easiest  line  of  communication  to  the  Pacific  across  the 
*  orth  American  continent  was  through  British  territory. 


i 


Explorations  in  Greenland.     By  Edward  Whtmper. 


On  the  Seychelles  Islands.     By  Prof.  E.  Perceval  Wright,  M.D.,  F.L.S. 

The  Seychelles  group  lie  in  the  Indian  Ocean,  about  950  miles  from  Mauritius,  and 
about  340  from  Madagascar,  which  may  be  considered  the  nearest  land ;  they  are 
thirty  in  number,  and  from  their  productions,  which  the  author  went  out  last  year 
to  investigate,  possess  a  great  deal  of  interest.  The  group  was  probably  discovered 
by  Vasco  de  Gama  as  early  as  1602.  Capt.  Picault  in  1742  landed  on  the  largest 
island  and  took  possession  of  the  group  in  the  name  of  France.  Their  present 
name  was  given  subsequently  in  honour  of  a  French  official,  the  Viscount  HCrault 
de  Seychelles.  At  the  time  of  the  French  Revolution,  and  at  different  periods  after 
it,  the  French  made  use  of  the  islands  for  transporting  to  them  political  offenders  ; 
and  thus  members  of  the  noblest  and  best  families  of  France  found  themselves  left 
on  their  shores,  with  a  grant  of  land  and  but  little  else  to  depend  upon.  In  course  of 
time  many  of  them  were  married  to  black  slaves  imported  from  Mozambique :  and 
it  may  be  said  that  French  gentlemen  with  their  black  consorts  laid  the  foundation 
of  the  present  population  of  these  islands.  Under  the  governorship  of  the  Chevalier 
de  Quincey  in  1794  the  Seychelles  were  surrendered  to  the  English  Commodore 
Newcome,  under  threat  of  bombardment  of  the  chief  town.  At  present  the  islands 
are  in  charge  of  a  Civil  Commissioner,  dependent  on  the  government  of  Mauritius. 
The  largest  of  the  group  is  Mane*,  about  18  miles  long  and  7  miles  broad ;  the  second 
in  size  is  Praslin,  about  two-thirds  the  area  of  Matte*.  The  chief  town  is  Port  Vic- 
toria, situated  in  a  beautiful  bay,  land-locked,  but  with  two  entrances  quite  safe, 
not  only  for  the  large  steamers  of  the  Messageries  Imperiales,  but  for  some  of  the 
largest  ships  of  war  which  have  as  yet  formed  part  of  the  slave-trade  squadrons 
in  those  seas.  Although  lying  out  of  the  reach  of  the  hurricanes  that  devastate 
;ho  southern  shores  of  India  and  Mauritius,  the  islands  were  once  visited  by  a  most 
lestructive  typhoon.  It  rained  for  five  consecutive  days :  at  the  end  of  the  fourth 
lay  a  great  storm  arose,  and  a  landslip,  800  feet  in  width,  rushed  down  the  preci- 
)itous  sides  of  the  principal  mountain,  carrying  down  everything  on  its  surface, 
blocks  of  granite  fifty  and  sixty  tons  in  weight  rolled  down  in  the  vast  avalanche, 
lestroying  almost  the  whole  town  of  Victoria,  The  town  was  restored  under  the 
uperintendence  of  the  present  Commissioner,  Mr.  Swinburne  Ward,  and  has  now  a 
ery  handsome  appearance.  The  houses  are  nearly  all  built  of  coral  and  roofed  with 
rood.  At  the  last  census  the  population  of  the  whole  group  numbered  about 
500.  The  temperature  during  the  cold  season  averages  88°  F.  (28°-8  C.)  during  the 
ay  and  75°  F.  (23f  °  C.^  at  night.  The  climate  is  excellent,  and  the  heat  scarcely  ever 
isagreeable.  The  only  serious  disease  is  leprosy ;  one  of  the  smaller  islands  is,  per- 
aps,  the  only  station  under  the  British  Crown  that  has  a  leprosy  establishment, 
'his  island,  called  Ourieuse,  is  also  the  home  and  centre  of  one  of  the  most  re- 
larkable  vegetable  productions  of  the  world,  namely,  the  lofty  palm-tree  which 
roduces  the  double  cocoa-nut.  The  language  spoken  in  Seychelles  is  French, 
tit  very  curiously  corrupted  among  the  lower  classes  of  the  population.  There 
ould  appear  to  oe  no  grammar,  no  tenses  to  the  verbs,  and  no  declensions  to  the 
ronouns.  There  is  no  phrase  more  common  than  u  moi  ne  cont  pas,"  for  I  do 
it  know.  Many  words  are  lengthened  by  the  intercalation  of  vowels:  thus, 
gelisser  "  for  glisser,  "  belouse  "  for  blouse,  &c.  To  trace  the  process  of  this 
markable  deterioration  would  be  a  curious  philological  study ;  f or  we  know  that 
le  language  was  three  generations  ago  spoken  in  perfect  purity  by  the  original 
rench  settlers.  The  highest  mountain  inMahe*  rises  to  a  height  of  from  3600  to 
XX)  feet.  With  the  exception  of  a  fewporphyritic  veins,  the  islands  may  be  said 
>ologically  to  consist  of  nothing  but  the  remains  of  a  large  chain  of  granitic  moun- 
ins,  which  are  clothed  up  to  the  summit  with  tropical  vegetation.  The  coral 
efs  lie  generally  at  some  distance  from  the  shore.  It  is  evident  that  the  land  is 
aduaUy  subsiding.  Looking  at  the  land  from  the  sea,  there  are  two  well-marked 
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zones  of  vegetation  encircling  the  slopes.    The  lower  one  consists  of  an  enormous     J 
assemblage  of  tropical  plants,  including  dense  groves  of  cocoa-nut  palm,  whick      i 
form  the  wealth  of  the  islanders,  £20,000  worth  of  the  oil  having  been  exported  in 
1866.    Manihot,  rice,  cinnamon,  banana,  the  bread-fruit  tree,  and  pine-apple  are 
cultivated  in  the  lower  zone.     The  birds  of  the  Seychelles  have  been  recently 
collected  by  Mr.  Edward  Newton,  and  found  to  oner  several  peculiar  species. 
Magnificent  displays  of  phosphorescent  light  are  observed  at  times  by  night  in  the 
sea  off  the  harbour  of  Victoria.    On  one  occasion,  when  the  author  was  out  in  a 
boat  at  night,  two  white  clouds  of  light  were  seen  coming  along  the  surface  of  the      ] 
water ;  the  boatmen  were  alarmed  at  the  extraordinary  appearance,  but  on  dashing 
into  the  midst  the  clouds  broke  up  into  a  number  of  large  white  sheets  of  light :  t 
phenomenon  was  caused  by  a  species  of  mullet  of  gregarious  habits  j  countless 
thousands  were  seen,  each  hsh  gleaming  with  phosphorescence  on  its  scales. 


ECONOMIC  SCIENCE  AND  STATISTICS. 

Address  by  Samuel  Brown,  F.S.S.,  President  of  the  Institute  of  Actuaries, 
President  of  the  Section. 

In  the  able  and  eloquent  addresses  which  have  been  given  in  preceding  years  at 
the  opening  of  this  Section,  the  nature  and  objects  of  the  divisions  of  science  in 
which  we  are  more  especially  concerned  have  been  so  clearly  pointed  out,  that  I 
do  not  propose  to  occupy  your  time  with  definitions  and  reflections,  but  rather  to 
take  a  hasty  view  of  the  principal  questions  which,  since  our  last  Meeting,  have 
come  prominently  before  the  public,  and  which  are  likely  more  especially  to  in- 
terest the  students  of  our  science. 

Whether  under  the  head  of  Economic  Science  or  Statistics,  the  range  of  subjects 
is  so  wide,  the  interest  so  intense,  and  their  importance  to  the  public  so  vast,  that 
it  is  almost  as  difficult  to  select,  as  it  would  be  to  confine  within  proper  limits  the 
full  history  of  the  past  year.  Thought  is  so  busy,  and  civilization  (it  we  may  use 
the  term  generally  to  indicate  an  improvement  in  the  social  condition  of  nations) 
advancing  with  such  rapidity,  that  new  subjects  are  continually  thrusting  them- 
selves into  notice  and  discussion  by  the  different  classes  whom  they  most  affect 
It  is  essential,  however,  to  make  choice  of  a  few  leading  features,  and  one  topic 
which  has  during  the  past  year,  and  is  now  exciting  a  very  lively  interest,  is  that 
of  technical  education. 

Technical  Education. — A  very  strong  impulse  has  been  given  to  the  discussion 
of  this  question  by  the  various  comparisons  of  the  world's  industry,  which,  ever 
since  the  Great  Exhibition  of  1851,  the  success  of  which  was  so  much  owing  to 
the  far-seeing  intellect  and  earnest  purpose  of  the  lamented  Prince  Consort,  have 
enabled  all  nations  to  measure  their  respective  progress  in  science  and  art,  by  the 
actual  results  of  their  manufactures  and  industries  in  every  branch.  Many  persons 
have  expressed  alarm  lest  other  nations  which  have  discovered  their  deficiencies,  and 
have  set  to  work  with  energy  and  determination  to  remove  them,  should  leave  this 
country  behind  in  their  applications  of  knowledge,  by  introducing  and  maintaining 
a  more  practical,  if  not  a  higher  standard  of  general  education  amongst  the  people. 
Without  going  too  far  back  to  the  frequent  discussions  to  which  wis  subject  naa 
given  rise,  it  will  be  sufficient  to  refer  to  the  Report  of  the  Committee  appointed 
by  this  Association  to  consider  the  best  means  for  promoting  scientific  education 
in  schools,  which  was  presented  at  the  last  Meeting  at  Nottingham.  The  Com- 
mittee admit  the  existence  of  a  general  and  even  national  desire  to  facilitate  the 
acquisition  of  some  scientific  knowledge  by  boys  at  our  public  and  other  schools  ; 
ana  a  very  interesting  account  is  appended  of  the  progress  which  has  already 
been  made  in  Oxford,  Cambridge,  the  University  of  London,  and  the  College  of 
Preceptors,  as  compared  with  the  French  and  German  schools.  The  conclusions 
of  the  report  are  highly  practical,  and  recommend  that  in  all  schools  natural 
science  should  be  taught ;  that  at  least  three  hours  a  week  should  be  devoted  to 
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such  scientific  instruction ;  that  as  to  honours  and  prizes,  it  should  be  placed  on 
an  equal  footing  with  mathematics  and  modern  languages ;  that  universities  and 
colleges  should  be  invited  to  make  it  a  subject  of  examination,  and  that  the  im- 
portance of  appointing  lecturers,  and  offering  entrance  scholarships,  exhibitions, 
and  fellowships,  should  be  represented  to  the  authorities  of  colleges. 

No  mention  is  here  made  of  the  extent  to  which,  or  the  mode  by  which,  the 
Government  might  be  called  upon  to  aid  in  improving  the  technical  education  of 
the  country.  In  the  early  part  of  this  year,  however,  a  conference,  called  by  the 
Society  of  Arts,  brought  together  a  great  number  of  the  most  eminent  statesmen, 
men  of  science,  teachers,  and  representatives  of  manufactures  and  commerce,  by 
whom  this  important  subject  was  for  two  days  discussed  under  all  its  varied 
aspects.  It  would  be  invidious  to  mention  names,  when  nearly  all  the  distinguished 
thinkers  who  have  so  long  worked  for  the  educational  improvement  of  the  people 
contributed  their  part  to  the  discussion.  The  resolutions  were  general,  giving 
only  the  broad  outlines  of  the  opinion  of  the  meeting,  as  it  was  intended  to  appoint 
a  subcommittee  to  carefully  examine  and  report  on  the  details. 

The  report  of  the  Committee,  which  was  not  delivered  in  till  the  21st  of  July 
last,  states  that  the  conclusions  they  had  arrived  at  were  in  substance,  that  tech- 
nical education,  as  referred  to  them,  excludes  the  manual  instruction  in  art  given 
in  the  workshop,  rather  meaning  general  instruction  in  those  sciences  the  prin- 
ciples of  which  are  applicable  to  the  various  employments  of  life.  It  should  be 
fiven,  not  in  separate  professional  institutions,  but  in  those  for  general  education, 
t  is  desirable  tuat  schools  should  be  established,  having  for  their  main  object  the 
teaching  of  science  as  a  mental  discipline.  It  is  necessary  to  introduce  scientific 
teaching  in  all  secondary  schools.  The  higher  scientific  instruction  should  be 
tested  by  public  examinations,  and  the  proficiency  of  the  students  certified  by 
diplomas.  In  detailing  the  course  of  instruction  for  certain  businesses^  such  as 
agriculture  and  gardening,  chemical  manufactures,  metallurgy,  mining,  civil  engi- 
neering, mercantile  marine,  that  of  the  naval  architect  and  marine  engineer,  the 
mechanical  engineer  and  machinist,  the  architect,  and  the  merchant,  the  scientific 
instruction  should  be  followed  by  practical  pupilage  in  efficient  workshops  or 
establishments.  A  great  advance  m  technical  education. might  be  expected,  if  the 
employers  of  labour  would  generally  give  the  preference  to  those  who  produce 
evidence  of  having  been  adequately  instructed  in  the  sciences  applicable  to  their 
particular  occupations. 

These  are  practical  suggestions,  but  the  question  itself  opens  up  nearly  all  the 
points  or  theories  to  which  the  discussion  of  the  general  education  of  a  people  has 
given  rise.  Is  it  to  be  expected  that  ignorance  would  seek  for  instruction  of  its 
own  accord  P  If  scientific  instruction  is  to  be  brought  down  to  the  lower  class  of 
labourers,  by  what  means  shall  the  parent  who  prefers  utilizing  the  manual  labour 
of  his  child  at  an  early  age,  be  compelled  to  spare  him  for  the  higher  duty  of  in- 
struction in  order  that  he  may  be  enabled  to  earn  more  for  himself  hereafter  P 

It  seems  admitted  that  if  better  instruction  is  given  in  the  secondary  schools,  it 
must  also  be  improved  in  the  primary,  as  there  is  evidence  to  show  that  there  is 
little  disposition  m  scholars  to  take  to  the  higher  class  of  learning  without  having 
received  the  elements  of  it  at  least  in  the  earlier  stage.  It  is  also  proposed  that 
children  should  remain  longer  at  school.  How  will  this  affect  the  labour  market, 
and  will  the  greater  skill  acquired  compensate  for  the  delay  P 

The  attempts  which  have  been  hitherto  made  to  bring  lectures  and  labora- 
tories within  reach  of  the  working  classes,  do  not  appear  to  have  been  very  suc- 
cessful, nor,  as  a  general  rule,  do  the  employers  of  labour,  who,  we  should  imagine, 
would  most  benefit  by  the  increased  intelligence  of  their  workmen  in  their  special 
art,  give  much  encouragement  to  the  efforts  of  those  who  have  so  patriotically 
devoted  themselves  to  this  object.  In  Cornwall  the  Mining  Institution  failed  in 
its  expected  effects  by  the  original  defective  education  of  the  working  classes,  who, 
unable  to  read  easily,  or  to  take  notes,  or  to  do  the  simple  arithmetic  required  for 
the  calculation  of  the  percentage  of  ores,  soon  grew  tireJl  of  lectures  they  could  not 
follow  with  interest  Professor  Huxley  points  out  that  the  School  of  Mines  in 
Jexmyn  Street  was  not  established  by  the  mining  interests,  but  by  the  eminent 
geologist,  Sir  H.  De  la  Beche,  and  that  very  few  pupils  attended  until  recently, 
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when,  by  the  ofler  of  pecuniary  rewards  and  medals,  and  the  prospect  of  appoint- 
ments hereafter,  600  or  700  average  papers  were  sent  in  for  competition  in  saose 
branches  of  science,  and  1200  or  1300  in  chemistry.  This  seems  to  indicate  the 
right  method  by  which  the  Mends  of  technical  education  might  stimulate  the 
classes  to  whom  the  higher  rewards  are  not  accessible.  Associations  might  be 
formed,  so  that  in  the  various  branches  of  study  the  united  subscriptions  would 
allow  of  studentships  being  given,  tenable  for  three  or  four  years.  By  these  means 
the  young  workman,  or  even  one  more  advanced  in  life,  may  not  only  gain  the 
reward  of  his  ability,  but  obtain  some  compensation  for  the  diminished  wages 
which  may  temporarily  follow  the  giving  up  a  portion  of  his  time  to  increase  his 
skill  hereafter.  The  employers  of  labour  of  all  lands,  but  especially  those  in  which 
the  higher  ability  required  renders  a  considerable  premium  only  a  fair  price  4br 
admission  to  the  business,  might  tempt  many  from  the  overcrowded  professions 
by  a  judicious  offer  of  remitting  the  premiums  where  high  distinction  has  been 
gained.  Probably  the  cost  to  themselves  would  be  in  many  cases  Boon  more  than 
compensated  by  the  higher  theoretical  knowledge  brought  earlier  into  use. 

In  connexion  with  this  subject,  it  is  impossible  not  to  feel  that  the  munificent 
gift  of  Mr.  Whitworth  deserves  the  heartfelt  gratitude  of  the  nation.  What  effects 
will  be  produced  by  thirty  scholarships  of  the  annual  value  of  £100  each,  in  s 
single  branch  of  applied  science  so  important  to  this  country  as  engineering,  and 
mechanical  industry,  it  is  difficult  to  calculate.  Not  merely  the  succession  of  new 
aspirants  every  three  vears,  but  the  numbers  who,  though  falling  a  little  short  of 
the  splendid  prize,  will  yet  have  given  all  their  powers  of  mind  to  obtain  it,  may 
be  expected  to  create  an  impulse  and  maintain  a  mental  activity  which  will  not 
allow  England  to  fall  behind  in  her  continental  rivalship.  It  is  not  to  be  expected 
that  many  individuals  can  offer  singly  so  noble  and  patriotic  a  gift,  but  they  may 
combine  together,  and  thus,  by  the  union  of  isolated  efforts,  institute  similar 
rewards  for  proficiency  in  otner  arts  or  occupations.  That  there  is  amongst  our 
industrial  classes  a  large  number  of  intelligent  and  skilled  workmen,  with  ability 
to  compete  for  similar  prizes,  may  be  seen  in  the  admirable  volume  of  reports  of 
the  artisans  selected  by  the  Society  of  Arts  to  visit  the  Paris  Exhibition,  and 
published  by  the  Society.  The  deep  knowledge  of  their  particular  industry,  the 
general  keenness  of  observation,  the  common  sense,  and  in  many  cases  talented 
style  of  writing,  besides  the  variety  of  the  contents,  make  it  a  volume  of  remark- 
able interest,  highly  creditable  to  tne  class  from  whom  they  were  selected. 

In  the  higher  branches  of  science,  the  universities,  colleges,  and  great  schools, 
with  their  wealthy  endowments,  will  be  called  upon  to  move  with  the  times; 
and  there  are  signs  of  their  already  preparing  to  respond  in  a  suitable  manner  to 
Hie  voice  of  the  nation.  The  offer  of  fellowships,  scholarships,  and  exhibitions 
may  be  made  to  suit  all  grades  of  scientific  requirements.  Though  it  may  sensibly 
diminish  the  number  of  classical  rewards,  it  is  probable  that  it  would  not  really 
lower  the  high  standard  of  classical  excellence  in  the  country,  whilst  it  woold 
raise  up  a  fresh  career  in  which  renown  may  be  won.  Many  who  by  other  in- 
clinations may  not  be  the  first  in  classical  studies,  may  achieve  a  world-wide 
feme  for  the  university  or  college  of  their  choice,  by  their  attainments  in  scienco 
instead. 

In  what  manner  the  Government  may  best  be  able  to  second  the  efforts  of  the 
friends  of  education  is  as  yet  undecided.  Some  suggest  that  they  should  establish 
secondary  or  higher  schools  in  the  locality  of  a  particular  industry,  and  adapt  the 
teaching  to  the  special  wants  of  the  population  around.  But  the  question  arises, 
are  these  schools  to  be  founded  in  places  where  no  special  desire  is  felt  for  the 
higher  instruction  offered,  or  in  other  places  where  the  voluntary  efforts,  either  of 
the  masters  or  workmen,  or  both,  only  require  additional  aid  to  render  them  effec- 
tive P  It  may  be  said  that  the  former  need  it  most ;  for  how  are  we  to  overcome 
ignorance  or  apathy,  if  the  State  will  not  be  at  the  expense  of  exciting  at  least  a 
desire  for  improvement,  and  teaching  the  people  the  advantages  and  pleasures  of 
knowledge.  On  the  other  hand,  are  those  who  have  proved  their  earnestness  by 
pecuniary  sacrifices  to  be  left  to  struggle  on  feebly,  whilst  others  who  are  indifferent 
to  scientific  education  have  it  brought  to  their  doors  P  Others,  again,  consider 
that  schools  for  special  science,  at  any  rate  for  the  labouring  classes,  have  gene- 
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rally  failed  of  success,  and  that  the  beat  plan  is  to  improve  education  generally, 
giving  it  a  higher  tone,  both  in  the  primary  and  secondary  schools,  and  making 
science  more  a  part  of  the  general  study,  but  with  special  application  of  it  for  the 
pupil*  of  more  advanced  ages. 

The  evidence  m  the  Report  of  the  Select  Committee  of  the  House  of  Commons 
on  the  subject,  which  has  recently  appeared,  gives  an  encouraging  view  of  the 
practical  atoll  of  our  workmen  in  nearly  all  branches  of  industry,  leaving  no  reason 
to  fear  the  rivalry  of  foreigners  in  mere  handicraft.  But  the  competition  in  com* 
merce  and  manufactures  is  so  close  in  the  markets  of  the  world,  that  the  superior 
technical  education  of  the  continental  workman,  enabling  him  to  adopt  so  readily 
any  new  processes  or  improvements,  gives  him  manifest  advantages  over  the 
English  workman.  It  is  essential  for  our  industrial  classes  to  be  better  instructed 
in  science  and  its  applications,  and  be  less  liable  to  fail  by  clumsy  inventions  and 
costly  errors. 

On  the  whole  it  would  seem  that  the  action  of  the  Government  will  be  most 
beneficially  exerted  in  the  first  instance  by  extending  the  system  of  grants  in 
aid  of  local  exertions,  by  adding  to  the  emoluments  of  teachers  who  produce 
evidence  of  the  higher  class  of  instruction  having  been  efficiently  imparted,  and  by 
aiding  in  the  cost  of  building  where  new  schools  of  a  special  scientific  character 
are  needed.  Above  all,  the  stimulus  of  endowments  or  exhibitions  of  adequate 
value,  or  the  offer  of  Government  appointments  in  such  departments  as  science  can 
be  most  usefully  applied  in,  will  probably  produce  the  most  profitable  results  for  a 
lational  expenditure. 

Labour  and  Capital. — Another  subject,  vitally  connected  with  maintaining  the 
}osition  of  this  country  in  its  competition  abroad,  as  well  as  with  its  peace  and 
)rosperity  at  home,  is  the  relation  of  wages  to  capital  For  many  years  the  most 
iolent  discussion  has  been  going  on ;  but  it  really  appears  as  if  some  progress  has 
>een  made  during  the  past  year  in  an  amicable  solution  of  the  difficulty.  The 
•pinion  that  labour  and  capital  must  be  in  antagonism,  each  trying  to  subdue  the 
•ther  to  its  own  terms— an  opinion  which  can  only  be  entertained  in  complete  ig- 
lorance  of  their  relative  functions — is  becoming  gradually  undermined,  and  the 
arnest  efforts  of  some  of  the  most  practical  and  enlightened  employers  of  labour, 
ided  by  the  increased  intelligence  and  better  feeling  produced  by  conciliation  on 
lie  working  classes,  have  allowed  some  important  experiments  to  be  fairly  tried  to 
aconcile  the  two  opposing  foes,  and  to  bring  them  into  harmonious  working  to- 
other. It  is  true  the  beginning  is  feeble,  and  what  is  accomplished  small,  comp- 
ared with  what  remains  to  be  done.  It  is  now  generally  admitted  that  a  better 
nowledge  of  the  principles  of  political  economy,  and  of  the  laws  which  regulate 
ages  and  capital,  the  production  and  distribution  of  wealth,  would  be  beneficial 
>  all  parties.  A  most  influential  general  committee  has  been  formed  under  the 
ispices  of  the  National  Association  for  the  Promotion  of  Social  Science.  In  an 
renins  meeting,  at  which  the  Right  Hon.  W.  £.  Gladstone  presided,  the  question 
as  debated,  and  certain  general  principles  laid  down  for  the  course  of  proceeding, 
ut  the  work  to  be  accomplished  is  of  the  most  laborious  character.  The  mass  of 
•ejudice  to  be  overcome  on  both  sides  is  the  growth  of  years,  and  it  yet  remains 
be  seen  how  the  interference  of  a  third  party,  though  professing  to  represent  Ma- 
rtially the  interests  of  the  public  and  the  true  principles  of  economic  science,  will 
received  by  either.  It  is  to  be  hoped,  at  any  rate,  that  the  clumsy  and  barba- 
us  system  of  strikes  and  locks-out.  which  destroy  both  the  small  savings  of  the 
)rkmen  and  the  capital  out  of  which  he  hones  to  increase  his  wages,  and  which 
ep  up  a  perpetual  source  of  irritation  and  ill-feeling,  will  be  abolished  as  an  in- 
lsate  and  reckless  process.  Trades'  Unions  are  contended  for  by  some  as  useful 
d  effective,  if  not  carried  on  to  the  injury  of  the  trade,  or  to  the  detriment  of  the 
tion,  and  provided  the  members  pursue  their  own  objects  without  undue  coercion 
others.  But  without  coercion  and  oppression  how  can  they  fulfil  their  objects? 
e  limitation  of  times  of  labour,  the  depression  of  the  sober,  industrious,  and  most 
lful  workman  to  an  average  level  of  the  more  idle  and  unskilful,  the  exclusion 
apprentices,  and  the  dire  effects  in  other  branches  of  the  trade  or  manufacture  in 
icn,  without  wishing  to  strike  themselves,  the  workmen  are  dependent  on  the 
tinued  labour  of  others,  who  will  not  work,  naturally  drive  capital  away  into 
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other  countries  or  other  trades,  and  thus  leave  the  infatuated  workman  with  worn 
prospects  of  success  than  when  he  began  the  strike.  Nor  can  we  pass  over  the 
selfishness  with  which  one  branch  of  occupation  frequently  pursues  this  system  of 
strikes  without  reference  to  others,  who,  though  unwilling  to  throw  up  their  em- 
ployments, are  forced  into  unprofitable  idleness,  misery  and  want,  that  other  classes 
may  better  themselves  by  higher  wages.  The  whole  of  this  false  and  dangeroot 
system  must  be  superseded  by  some  other  scheme  or  schemes  which  will  unite  in 
harmonious  working  labour  and  capital.  It  is  not  necessary  that  there  should  be 
but  one  remedy.  The  excesses  of  the  working  classes  of  France  in  the  Revolutioi 
of  1848,  and  their  vote  to  expel  the  English  workmen,  led  to  the  indignant  remon- 
strances of  the  French  political  economists,  and  eventually  to  the  institution  of  the 
Conseil  des  Prud'hommes,  courts  of  arbitration,  and  industrial  partnerships,  whick 
have  had  the  happiest  effects.  In  France,  in  the  ten  years  1830-40,  Mr.  AfundeUa 
informs  us  the  courts  of  arbitration  have  adjudicated  on  186,730  cases,  of  whick 
128,310  were  amicably  settled,  3530  withdrawn  by  consent,  3881  judgments 
pronounced,  from  which  there  were  only  165  appeals.  In  Nottingham  especially, 
according  to  the  testimony  of  Mr.  Mundella,  the  working  of  the  Board  for  seven 
years  up  to  the  present  time,  has  been  most  favourable,  and  in  the  highest  degree 
satisfactory  both  to  the  employers  and  the  employed.  The  Board  consists  of  sa 
equal  number  of  masters  and  workmen  on  each  side,  with  a  president  chosen  by 
consent,  and  for  three  years  and  a  half  they  have  been  enabled  to  agree  on  all  points 
in  debate  without  the  necessity  of  coming  to  a  vote.  The  system  has  recently  been 
extended  to  Hawick,  North  Britain,  and  to  the  Potteries.  The  Council  of  the 
Amalgamated  Trades  Unions  passed  a  resolution,  desiring  the  establishment  of  these 
Boards  in  all  branches  of  their  Union;  and  there  seems  little  doubt  that  the  courteous 
and  kindly  meeting  together  to  settle  in  common  questions  which  were  formerly 
sources  of  hostility  and  irritation,  would,  if  introduced  in  all  trades,  have  a  won- 
derful effect  in  uniting  two  classes  so  essentially  necessary  to  each  other  as  the 
capitalist  and  the  labourer. 

But  there  appears  to  be  even  a  more  powerful  mode  of  cooperation,  because  it 
appeals  more  directly  to  the  self-interest  of  the  working  classes,  viz.  industrial 
partnerships,  in  which  the  masters  and  workmen  may  unite  together.  Cooperative 
stores  imply  a  combination  of  consumers  to  cheapen  the  price  of  articles  pur- 
chased, but  their  tendency  is  naturally  to  dispense  with  the  class  of  dealers  or 
middlemen,  and  by  the  saving  of  the  profits  formerly  gained  by  them,  the  c 
mere  benefit  at  the  cost  onlv  of  the  relatively  small  expenses  of  managing  the  t„ 
But  what  would  become  of  the  class  of  dealers  or  tradesmen,  if  this  principle  i 
generally  acted  upon  P  In  admitting  the  workmen  into  partnerships  of  production, 
the  greater  part  of  the  difficulties  between  labour  and  production  seem  to  vanish 
As  every  one  of  the  partners  is  interested  in  increasing  the  profits,  he  can  have  do 
wish  to  stint  his  own  labour,  or  to  check  in  any  way  the  labour  of  others.  He  not 
Only  is  careful  not  to  waste  the  materials  himself,  but  he  keeps  a  vigilant  eye  that 
his  fellow  workmen  may  be  equally  careful.  He  is  led  to  understand  the  accounts 
of  a  firm,  and  the  causes  of  depression  and  prosperity  of  trade.  Strikes  frequently 
occurred  when  from  the  closeness  of  foreign  competition  the  market  could  least 
bear  them :  the  workman,  when  a  partner,  sees  that  at  such  times  his  profits  would 
be  diminisned  by  any  check  to,  or  increased  price  of  labour. 

The  most  remarkable  and  encouraging  example  of  the  new  system  was  given  in 
a  aper  by  Mr.  Brings,  read  before  the  Social  Science  Committee  of  May  last  on 
the  Whitworth  collieries.  In  ten  years  there  had  been  four  strikes,  involving 
cessation  of  work  for  seventy-eight  weeks.  During  the  whole  of  that  period  the 
annoyance  and  anxiety  of  the  partners  were  extreme.  The  profits  were  reduced 
to  little  more  than  5  per  cent  on  their  invested  capital  They  were  compelled  to 
evict  families  from  tneir  cottages,  in  order  to  introduce  new  labourers  for  their 
works.  The  police  were  required  in  large  numbers  for  the  protection  of  the  non- 
union men.  At  last  the  painful  struggle  terminated  in  a  riot  in  the  village,  the 
ringleaders  of  which  were  convicted  at  the  York  Assizes  in  1863.  Bat  in  1864 
the  proprietors  determined  to  take  the  whole  of  the  men  into  partnership,  and 
a  limited  liability  company  was  formed  from  1st  July,  1865,  of  which  they  re- 
.  tained  two-thirds  of  the  capital,  the  remainder  being  allotted  in  shares  to  be  pvr- 
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chased  by  the  men.    After  paying  a  moderate  rate  for  wages  and  management,  and 
the  prober  allowance  for  reserves  and  depreciation,  any  excess  over  10  per  cent,  of 
the  profits  was  to  be  allotted  half  to  the  capital,  and  the  other  half  as  a  bonus  to 
the  workmen  in  proportion  to  their  earnings.    At  first  they  were  suspicious,  hut 
the  plan  succeeded  so  well,  that  in  the  very  first  year  the  dividend  was  12  per  cent, 
and  the  2  per  cent,  which  was  allotted  as  a  bonus  on  wages,  allowed  of  an  average 
increase  1\  per  cent,  to  the  work-people  on  their  earnings.   In  the  second  year,  80  per 
cent  of  the  workmen  took  shares ;  the  profits  were  13  per  cent.,  and  the  3  per  cent 
bonus  allowed  an  average  increase  of  10  per  cent,  on  the  workmen's  earnings,  besides 
setting  by  9  per  cent  on  the  capital  as  a  reserve  fund.    The  village  has  been  per- 
fectly peaceful,  the  work-people  nave  become  sober,  industrious,  and  respectable  in 
their  conduct,  and  they  generally  invest  their  profits  in  the  extension  of  the  business. 
There  has  been  no  dispute  and  no  charge  of  neglect  of  work  made.    This  is  not  a 
small  experiment,  1200  men  and  boys  have  benefited  by  the  operation,  and  £90,000 
of  capital  is  invested  in  the  concern. 

With  modifications  adapted  to  different  trades,  this  system  seems  worthy  of  a 
wide  extension.  The  proper  rate  of  bonus  for  labour  must,  no  doubt,  depend  on  the 
proportion  which  the  labour  bears  to  the  other  costs  of  production  and  of  bringing 
the  article  to  market.  Competition  of  foreign  countries,  variations  in  supply  and 
lemand,  may  prevent  wages  bearing  a  fixed  proportion  to  the  other  capital  required, 
onsequently  the  bonus  to  wages  mav  have  to  be  adjusted  in  different  manufactures 
r  trades.  But  some  of  the  best  of  the  trades'  unions  have  declared  themselves  in 
ivour  of  the  trial  of  this  scheme,  and  the  commercial  greatness  of  England  is  deeply 
iterested  in  its  success. 

Insurance. — Leaving  subjects  still  so  full  of  doubts  and  difficulties,  we  turn  to 
le  which,  though  established  upon  laws  of  nature  equally  recondite,  has  been 
jshdd  into  practice  with  an  energy  and  success  highly  creditable  to  this  country, 
would  be  inexcusable  in  this  city  (in  which  have  been  founded  two  amongst  the 
eatest  and  most  enterprising  of  our  insurance  companies,  which  under  the  able 
anagement  of  Sir  Samuel  Bignold,  one  of  the  Vice-Presidents  of  this  Section,  have 
ttained  so  wide  a  reputation,  and  to  whose  representative  in  London,  Mr.  G.  J. 
inyon,  we  are  indebted  for  the  best  works  which  have  appeared  on  the  law  of 
e  and  life  assurance)  not  to  allude  to  the  progress  which  these  valuable  institu- 
te have  made  in  this  country.  Vital  statistics  are  now  assuming  a  form  which 
able  the  most  complicated  problems  of  human  life  to  be  dealt  with  as  if  they  were 
•tain  and  simple  events.  Yet  little  more  than  a  century  has  elapsed  since  the 
torney-  and  Solicitor-General  of  that  day,  when  reporting  on  the  application  for 
loyal  Charter  to  the  first  society  formed  on  scientific  principles  for  the  assurance 
life,  objected  to  it  on  the  ground  that  its  success  must  depend  on  calculations 
en  on  tables  of  life  and  death,  whereby  the  chance  of  mortality  is  attempted  to 
reduced  to  a  certain  standard.  "  This  is  a  mere  speculation,"  they  observe, 
sver  yet  tried  in  practice,  and  consequently  subject,  like  all  other  experiments, 
ariolis  chances  in  the  execution.1'  Further,  considering  that  the  general  tables 
ude  both  healthy  and  unhealthy  lives,  they  thought  that  "  the  register  of  life 
death  ought  to  be  confined,  if  possible,  for  the  sake  of  exactness,'*  to  such  per- 
i  only  as  are  the  objects  of  insurance."  It  was  argued,  to  show  the  small  pro- 
lity  of  success  for  the  society,  that  the  Royal  Exchange  Assurance,  in  forty 
s,  had  taken  only  £10,915  in  premiums,  of  which  the  profits,  amounting  to  only 
51,  must  have  been  nearly  exhausted  in  the  charges  of  management  They 
Id  hardly  expect  a  more  considerable  capital  to  arise  from  lower  premiums,  and 
lazard  of  loss  will  be  increased  in  proportion  as  the  dealing  will  be  more  ex- 
ve.  The  petition  was  dismissed,  but  the  Society  (the  Equitable)  was  formed, 
n  spite  of  the  gloomy  prognostications  at  its  birth,  had  afterwards,  at  one  time, 
y  d£20,000,000  of  assurances  on  lives  in  force  together.  About  six  years  back, 
an  estimate  made  on  a  large  proportion  of  the  companies  in  the  United  King- 
it  was  computed  that  about  £372,000,000  were  assured  upon  lives ;  and  at  the 
of  progress  made  of  late  years,  it  is  probable  that  this  is  now  increased  to 
000,000.  But  a  stall  more  remarkable  extension  of  this  kind  of  business  has, 
q  a  few  years,  taken  place  within  the  United  States  of  America.  At  the  close 
$6,  thirty-nine  companies  doing  business  in  the  State  of  New  York,  had  about 
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806,300  life  policies  in  force  for  upwards  of  £173,000,000,  which  at  the  end  of  1» 
had  increased  to  403,841  policies  for  £233,400,000.  A  single  company,  the  Muta* 
of  New  York,  had  issued  in  that  one  year  19,406  policies  for  £12,460,000,  taknf 
in  new  premiums  upwards  of  £801,000.  The  assurances  in  that  Company  ake» 
amounted  to  nearly  £39,000,000,  being  almost  three  times  the  amount  at  present 
existing  in  our  largest  office  in  this  country. 

Considering  the  great  pecuniary  interests  at  stake,  the  discovery  of  the  true  law 
of  mortality-  is  of  deep  importance.    The  theory  of  that  eminent  mathematicua, 
Benjamin  (iomperts,  F.R.S.,  that  there  is  in  the  human  frame  a  power  to  oppoat 
destruction,  which  loses  equal  proportions  in  equal  times,  and  consequently  that 
the  intensity  of  mortality  is  represented  by  a  series  in  geometrical  progression,  wm 
founded  upon  actual  observations  of  numerous  tables.    Such  a  theory  ia  congruous 
with  many  natural  effects,  as,  for  instance,  the  exhaustions  of  the  receiver  of  as 
air-pump  by  strokes  repeated  at  equal  intervals  of  time,  and  it  has  been  oonnrsaal 
for  long  periods  of  life  in  most  of  the  tables  of  original  observations  'which  ha?* 
been  made.    There  is  a  marked  difference,  however,  in  the  constants  of  mortality 
in  three  principal  periods  of  life,  childhood,  manhood,  and  old  age.    There  are  alas 
exceptional  or  climacteric  years  of  life,  and  from  the  variety  of  circumstances  which 
may  effect  health  or  life,  such  as  occupation,  locality,  habits,  exposure  to  dinraer, 
&c.,  so  many  peculiarities  in  each  class  of  observations,  which  themselves  may  hare 
been  incorrectly  or  imperfectly  collected,  that  it  is  very  difficult  to  detect  in  aay 
what  may  be  called  the  true  or  universal  law  of  mortality. 

A  very  important  inquiry  is  now  being  made,  under  the  auspices  of  the  Institute 
of  Actuaries,  into  the  actual  experience  of  some  of  the  older  companies.  The  facte 
relating  to  147.000  persons  admitted  after  medical  examination  as  healthy  lives,  of 
whom  about  24,000  had  died,  afford  ample  materials  for  many  interesting  deduction! 
in  vital  statistics,  and  are  especially  valuable  for  the  accuracy  of  the  records.  A 
similar  investigation  is  being  made  in  Germany  and  in  the  United  States  of  America, 
conducted  bv  scientific  institutions  of  a  like  character,  and  by  some  of  the  leading 
mathematicians  of  those  countries. 

It  is  to  be  regretted  that  no  authentic  information  as  to  the  total  amounts  in- 
sured in  various branches  is  known  in  this  country.  In  fire  insurance  a  rough  es- 
timate, deduced  from  the  duty,  would  give  about  £1,445,000,000  in  1867,  inclu- 
ding nearly  £80.000,000  on  farming  stock.  The  total  amount  of  marine  insurance 
business  is  equally  uncertain,  though  it  must  be  increasing  with  the  rapid  strides 
of  commercial  enterprise.  Mr.  Morris  Black,  in  his  analysis  of  the  accounts  of  marina 
insurance  companies  established  since  1859,  gives  the  premiums  received  by  elerea 
of  these  companies  in  1867  as  nearly  £2,800,000,  insuring  about  £227,000,000 ;  but 
this  does  not  include  the  five  oldest  and  largest  companies,  nor  the  great  amount 
underwritten  by  the  members  of  Lloyd's.  The  total  value  of  shipping  and  com- 
mercial products  liable  to  risk  in  voyages  between  different  ports  would  be  the 
more  interesting,  as  the  Statistical  Committee  of  Lloyd's  have  for  the  laat  two 
years,  by  the  aid  of  their  honorary  secretary,  Mr.  Jeula,  collected  and  compared  some 
of  the  most  striking  results  of  the  accidents  and  losses  in  which,  as  a  great  maritime 
nation,  we  take  so  great  a  share.  In  10,587  vessels  in  1866,  to  which  accidents  of  some 
kind  happened,  and  11,424  vessels  in  1867,  the  accidents  of  different  kinds,  whether 
sailing  vessels  or  steamers  (the  latter  being  about  10  per  cent  of  the  total),  show 
a  remarkable  regularity  in  the  percentage,  and  indicate  the  value  of  a  more  exten- 
ded inquiry.  The  tables  comprise  losses  and  casualties  in  all  parts  of  the  world, 
and  are  divided  into  thirty-one  geographical  sections,  for  the  voyages  between  the 
ports  in  each  section.  With  these  and  the  annual  wreck  registers  of  the  Board  of 
Trade  for  the  dangers  nearer  our  own  coasts,  and  fuller  statistics  from  our  own  and 
foreign  countries,  on  a  uniform  plan,  of  the  amount  and  value  of  shipping  and  car- 
goes passing  from  port  to  port  in  different  trades,  we  may  expect  a  great  increase  ia 
our  general  knowledge  on  these  subjects. 

At  the  Statistical  Congresses  held  in  Paris  in  1855,  and  at  Berlin  in  1863,  it  was 
recommended  to  collect  the  statistics  of  all  branches  of  insurance,  in  such  a  form 
that  the  progress  of  nations  therein  might  be  compared.  The  heads  of  the  Govern- 
ment Statistical  Departments  of  several  countries  are  now  engaged  in  maturing  a 
plan  for  comprehending  these  and  other  commercial  statistics  in  a  full  report 
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Electric  Telegraphs. — One  of  the  most  important  aids  to  the  social  and  commer- 
cial progress  of  any  country,  is  the  facility  in  the  means  of  personal  intercourse, 
and  especially  of  frequent  communications  by  post  and  verbal  messages.  Good 
roads  and  railroads,  giving  rapid  and  cheap  means  of  transport  both  for  passengers 
and  goods,  are  essential  to  the  increase  of  internal  trade.  But  equally  essential  is 
the  power  of  sending  swift  and  accurate  messages,  and  receiving  prompt  and  cor- 
rect replies.  The  annual  extension  of  the  postaland  telegraph  system  is  a  striking 
proof  of  the  mental  activity  and  growth  of  the  internal  tracte  or  the  country.  In 
1867  the  letters  delivered  had  reached  nearly  775,000,000  in  the  United  Kingdom 
(being  34-  per  cent,  excess  on  the  previous  year,  and  averaging  144  letters  to  each 
inhabited  nouse).  The  book  packets  were  more  than  102,000,000,  being  an  in- 
crease of  one-half  per  cent,  on  the  previous  year.  The  receptacles  for  letters  were 
17,225,  being  1  to  every  312  inhabited  houses. 

Whoever  originated  the  idea  of  the  penny  post,  the  nation  will  always  feel  that 
it  is  to  the  ability,  the  energy,  and  the  perseverance  of  Sir  Rowland  Hill  that  we 
are  indebted  for  the  inestimable  benefits  which  have  followed  the  realization  of 
the  idea  In  the  history  of  the  progress  of  the  age  his  name  will  be  always 
conspicuous. 

The  success  of  the  Post  Office,  and  the  enlightened  readiness  with  which  every 
improvement  is  adopted  and  the  wants  of  the  public  supplied,  give  us  reason  to 
hope  that  what  many  regard  as  a  very  questionable  interference  with  private 
enterprise,  in  the  proposed  purchase  of  the  telegraph  property  of  the  whole  king- 
dom, in  order  to  place  it  under  one  management,  will  prove  eminently  for  the 
public  benefit.    The  facilities  possessed  by  the  Post  Office  in  having  money-order 
officers  and  employees  who,  at  a  very  slight  additional  expense,  may  work  the 
telegraph  in  localities  in  which  it  would  scarcely  pay  profits  to  the  companies  to 
form  new  stations,  are  likely  to  create  and  satisfy  tne  demand  for  numerous 
extensions.    In  populous  places,  from  which  the  profits  are  mostly  now  derived 
(it  is  stated  that  /5  per  cent,  of  the  entire  receipts  are  from  fifteen  towns,  and 
one-half  from  London),  the  combination  of  the  pillar-post  and  stamped  paper  for 
telegraphs  in  the  suburbs,  the  saving  of  extra  charge  for  distances  in  the  delivery, 
and  all  over  the  country  a  uniform  and  cheap  rate,  will  no  doubt  lead  to  an  im- 
mense development  of  the  system.     It  is  highly  probable  that  in  a  short  time  a 
uniform  charge  of  Qd.  a  message  of  a  certain  length  will  be  established.     The  con- 
sequence will  be  felt  as  well  in  the  convenience  of  private  intercourse,  as  in  the 
internal  trade  of  the  country  in  bringing  distant  markets  together,  and,  by  increas- 
ing the  competition,  obtaining  a  greater  approach  to  equalization  of  prices  for  the 
great  benefit  of  the  public.     It  is  assumed  that  the  number  of  telegraph  messages 
is  increasing  at  the  rate  of  10  per  cent,  per  annum,  and  that  on  the  1st  July,  18(39, 
the  Government  will  start  with  the  estimated  number  of  7,500,000.    Supposing 
that  present  charges  of  £65,000  a-year  may  be  saved  by  amalgamation  or  all  the 
lines,  and  allowing  for  various  costs,  for  extension.  &c,  a  maximum  net  revenue  of 
£358,000,  or  minimum  of  £203,000  per  annum  is  Mr.  Scudamore's  calculation, 
Hrith  which  Government  credit  would  mora  than  raise  the  capital  of  £6,000,000 
required  for  the  purchase.     But  it  is  scarcely  possible  that  with  so  many  interests, 
jtill  to  be  settled  by  arbitration  before  the  money-bill  can  be  brought  in  in  the 
lext  Parliament,  that  even  this  large  sum  will  suffice  to  complete  the  purchase. 
There  is  nothing  to  prevent  the  Government  competing,  if  the  public  interest 
equired  it,  without  laying  out  so  large  a  sum  for  the  purchase  of  interests  which 
re  not  vested.   But  besides  the  natural  feeling  of  the  public  against  the  unfairness 
f  destroying,  and  the  risk  of  discouraging,  private  enterprises  which  have  produced, 
r  are  calculated  to  produce,  such  good  results  for  the  country,  there  is  no  doubt 
fiat  the  machinery  and  arrangements  already  complete,  and  the  facilities  afforded 
y  the  railway  leases,  form  a  basis  for  immediate  improvements  which  will  so 
mch  the  earlier  repay  the  outlay.     The  other  objections,  that  Government  may 
se  the  lines  for  favouritism  or  tor  political  purposes,  that  they  would  have  the 
>mmand  of  all  the  secrets  of  private  individuals,  as  well  as  those  of  their  public 
jponents,  that  they  might  harass  the  press  by  delays,  or  transmit  news  to  one 
urnal  to  the  exclusion  of  another,  appear  either  to  excite  no  alarm,  or  to  have 
sen  met,  as  in  the  last  case,  by  a  judicious  compromise,  and  the  formation  of  a 
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company  to  collect  news  for  themselves.  On  the  whole,  there  seems  reason  to 
hope  that  this  great  experiment  may  he  tried  in  the  course  of  next  year,  and  thii 
no  fresh  agreement  witn  the  companies,  which  would  he  still  more  costly,  -will  be 
rendered  necessary  by  delay. 

Conference  on  Weights  and  Measures, — During  the  past  year  there  have  hm 
several  important  Congresses  in  which  the  British  Association  has  been  either 
interested  or  represented.  The  Metric  Committee,  which  was  reappointed  ia 
1860,  united  its  efforts  to  those  of  the  International  Decimal  Association,^  to  obtain 
a  special  exhibition  of  the  weights,  measures,  and  coins  of  all  countries  in  the 
Pans  Universal  Exhibition.  The  Imperial  Commission  applied  to  all  the  Govern- 
ments of  Europe  and  America  to  send  copies  of  their  standards,  and  to  appoint 
delegates  to  take  part  in  a  conference  to  be  called  for  a  full  discussion  as  to  the 
best  means  of  obtaining  a  uniform  system  for  all  nations.  The  exhibition,  which 
appeared  to  excite  great  interest,  was  held  in  the  pavilion,  in  the  central  garden. 
It  had  the  great  advantage  of  showing,  by  contrast,  the  singular  simplicity  and 
beauty  of  the  metric  system  of  weights  ana  measures  as  compared  with  all  others. 
The  Conference,  at  which  delegates  officially  appointed  by  the  governments  of  afi 
the  leading  countries  attended,  was  presided  over  with  great  ability,  first,  by  M. 
Mathieu,  Member  of  the  Institute  of  France,  and  afterwards  by  His  Imperial 
Highness  Prince  Napoleon ;  and  after  a  full  discussion  on  an  able  report  prepared 
by  Dr.  Jacobi,  Memoer  of  the  Imperial  Academy  of  Sciences  at  St.  ^eterabuigh, 
it  was  decided  to  recommend  the  universal  and  sole  adoption  of  the  metric  system, 
— not  a  single  voice  being  given  against  it,  nor  a  single  word  said  in  favour  of  any 
other  system.  Strong  resolutions  were  unanimously  passed  also  at  the  International 
Statistical  Congress,  held  at  Florence  in  October  last,  recommending  its  universal 
adoption,  advising  that  Associations  should  be  formed  in  all  countries  -where  it  is 
not  yet  introduced,  to  prepare  the  way  for  it  and  make  its  advantages  known,  and 
that  it  should  be  taught  in  governmental  schools,  and  used  in  ail  post  offices, 
custom  houses,  and  public  establishments. 

In  this  country,  where  the  Metric  Weights  and  Measures  Act,  1864,  renders  the 
use  of  the  system  legal,. the  singular  anomaly  still  exists  that  no  provision  is  made 
for  stamping  and  verification  by  the  standards,  and  consequently  parties  may  he 
liable  by  one  Act  to  the  usual  penalties  for  using  such  weights  and  measures, 
although  by  another  contracts  made  by  them  therein  are  lawful.  The  Act  indeed 
is  so  defective,  and  the  progress  of  the  system  so  great,  that  another  Act  was  intro- 
duced in  the  session  just  closed,  to  make  it  compulsory,  within  some  given  period 
to  be  fixed  in  committee.  Mr.  Ewart,  together  with  Mr.  Bazley,  Mr.  Baines,  Mr. 
J.  B.  Smith,  and  Mr.  Graves  took  charge  of  the  Bill,  and  after  an  animated  debate, 
the  second  reading  was  carried  by  the  large  majority  of  217  to  65.  It  was  set 
down  for  committee  on  1st  July,  but  the  state  of  public  business  prevented  its 
being  proceeded  with.  It  will  be  one  of  the  questions  of  great,  if  not  pressing,  im- 
portance for  early  consideration  by  the  new  Parliament 

The  first  report  of  the  Standards  Commission  which  has  just  been  presented,  shows 
the  necessity  of  the  establishment  of  the  Standards'  Department,  which  carried 
out  one  of  the  recommendations  of  Mr.  Ewart' 8  Committee.  Several  indications 
are  given  of  progress  in  the  decimal  system.  The  metre  also  has  been  laid  down 
from  the  authentic  metre  in  the  possession  of  the  Royal  Society,  and  the  kilogram 
verified  by  Professor  Miller,  transferred  from  the  Royal  Observatory  at  Greenwich, 
and  steps  have  been  taken  to  procure  a  complete  series  of  the  weights  and  capa- 
city measures  of  the  metric  system.  But  as  to  the  probable  effect  of  its  introduc- 
tion into  this  country,  the  Commission  have  not  yet  had  time  to  examine  the 
numerous  papers  which  have  been  collected,  but  admitting  its  importance,  will 
give  it  their  early  and  best  attention. 

In  the  meantime  the  confusion  and  intricacy  of  the  weights  and  measures  in  our 
vast  dominions  in  India  have  led  to  the  appointment  of  Commissions  to  introduce  a 
thorough  reform.  The  metric  system  has  keen  recommended  by  Colonel  Strachey, 
F.R.S.,  President  of  the  Indian  Committee,  as  the  best  system  for  entire  and  exclusive 
adoption  throughout  India,  and  this  view  has  been  supported  by  two  Commissions. 
Mr.  Charles  F.  Qover,  in  a  very  able  paper  on  uniform  metrology  for  India,  proves 
that  formerly  not  only  was  the  decimal  system  universal  in  India,  but  that  the 
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ancient  measures  of  land,  and  the  original  basis  of  the  present  system  of  linear 
measures,  was  almost  identically  the  same  as  the  metre — 39'8  inches  (for  39*87079 
inches). 

The  only  cause  for  delay  in  introducing  a  uniform  system  in  India,  seems  to  be 
the  idea  that  the  imperial  weights  and  measures  will  still  retain  their  position  in 
England,  and  that  their  system  must  have  some  easy  relationship  with  what  pre- 
vails here.  But  the  metric  system  is  admitted  to  be  the  best,  and  if  it  shoula  be 
finally  adopted  here,  all  that  vast  population  would  be  exposed  to  the  inconveni- 
ences of  a  second  change. 

In  the  United  States  of  America,  the  metric  system  is  permissively  legalized, 
but  more  completely  than  in  England,  by  the  introduction  of  the  standards  for 
verification.  The  official  delegates  of  America  have  declared  that  the  United  States 
would  follow  England  in  making  the  use  compulsory.  If  England  took  the  lead, 
India  and  all  her  colonies  would  unite  with  us.  The  system  which  is  now 
legal,  in  whole  or  in  part,  and  either  compulsory  or  permissive,  amongst  276,000,000 
of  people,  would  then  comprise  upwards  of  450,000,000  of  people  using  the  same 
weights  and  measure,  with  decimal  subdivisions  and  multiples  in  the  simplest  and 
most  perfect  form  either  for  calculations  or  commercial  use. 

One  hundred  years  ago  such  an  idea  might  indeed  seem  Utopian^  as  would  also 
now  be  the  notion  of  finding  acceptance  for  another  universal  unit  But  when, 
by  peculiar  circumstances,  such  rapid  progress  has  been  made  towards  uniformity, 
it  is  practical  wisdom  to  seize  every  opportunity  to  promote  it.  In  science,  m 
commerce,  in  education,  in  international  intercourse,  in  statistical  inquiries,  it  is 
difficult  to  picture  the  vast  benefits  that  would  result  from  the  adoption  of  one 
and  the  same  unit  by  all  civilized  nations. 

Monetary  Conferences. — Far  greater  difficulties  and  differences  of  opinion  lie  in 
the  way  of  a  monetary  unit  of  account,  or  even  uniformity  of  metallic  currency  for 
the  leading  commercial  nations ;  yet  a  great  movement  has  been  going  on  therein 
during  the  past  year.  The  Conference,  in  connexion  with  the  Universal  Exhibition 
at  Paris,  over  which  Prince  Napoleon  presided,  discussed  and  agreed  to  resolu- 
tions that  the  different  Governments  should  adopt  a  common  base  or  unit  in  the 
issue  of  their  gold  coins ;  that  it  should  be  of  the  same  fineness,  nine-tenths ;  and 
that  in  each  country  there  should  be  one  piece  at  least  equivalent  to  one  of  the 
pieces  in  another  country,  so  that  there  might  be  a  point  of  contact  in  the  cur- 
rencies of  all  countries.  The  5-franc  piece  in  gold  was  finally  adopted  as  the 
basis,  since  the  multiples  thereof  would  very  nearly  accord  with  the  monetary 
units  of  several  countries.  M.  Wolowski,  the  distinguished  economist,  defended 
with  great  eloquence  and  energy  the  double  standard  of  silver  and  gold,  but  he 
found  no  seconder.  A  single  gold  standard,  and  everywhere  the  decimal  subdivi- 
sion of  the  unit,  were  carried  as  the  nearest  means  of  obtaining  some  coin  every- 
where current,  and  values  easily  translated  into  those  of  foreign  nations. 

But  the  International  Monetary  Conference,  which  was  called  about  the  same 
period  in  June  of  last  year  by  the  French  Government,  is  likely  to  produce  still 
more  definite  results.  All  the  leading  Governments  of  Europe  and  America  sent 
official  delegates  to  represent  them.  Tne  basis  taken  by  the  Conference,  subject  to 
such  improvements  as  might  be  suggested,  was  the  convention  concluded  the  23rd 
December,  1865,  between  Switzerland,  Belgium,  France,  and  Italy,  for  a  common 
currency ;  by  Article  12  of  which  convention  the  right  of  accession  was  reserved 
to  any  State  which  would  accept  the  obligations  and  the  monetary  system  of  the 
union,  as  far  as  regards  the  gold  and  silver  coins.  The  delegates  did  not  appear  to 
have  any  authority  to  bind  their  respective  Governments,  except  that  of  Austria, 
for  whom  Baron  von  Hock  at  the  end  of  the  Conference  negotiated  and  signed  a 
preliminary  treaty  of  adhesion  to  the  Convention  of  1865.  In  the  early  part  of 
1867  the  Papal  Government  had  joined  the  Convention,  and  in  April  of  the  same 
year  the  currency  of  Greece  was  remodelled  on  the  same  system. 

The  French  Government  were  anxious  to  obtain  some  definite  answers  to  the 
propositions  of  the  Congress,  in  order  to  call  a  new  Congress  with  more  extended 
powers ;  but  no  definite  time  was  fixed  for  the  replies,  some  voting  for  replies  by 
the  1st  October  last,  and  Great  Britain  for  an  extension  to  the  1st  June  of  this 
year.    The  report  of  the  English  delegates,  Mr.  Graham,  Master  of  the  Mint,  and 


Digitized  by 


Google 


164  report— 1868. 

Mr.  Rivers  Wilson,  of  the  Treasury,  has  been  referred  to  a  Royal  Commission  for 
their  opinion,  whether  Great  Britain  would  be  justified  in  making  any  changes  ir 
her  currency  which  would  allow  in  any  way  of  her  joining  the  Monetary  Conven- 
tion.   This  report,  with  the  evidence  taken,  is  anxiously  expected. 

It  does  not  appear  that  a  merely  international  currency  of  one  or  more  conu 
would  compensate  for  the  trouble  and  inconvenience  of  altering,  even  to  a  ahgta 
degree  (one  grain  is  all  that  would  be  required),  the  quantity  of  pure  gold  in  ta* 
pound  sterling.  But  a  common  unit  of  account  would  offer  manifold  advantage! 
An  international  unit  of  10  francs,  which  would  have  many  advantages  ore 
5  francs  as  the  smallest  gold  coin,  subdivided  decimally,  would  at  onoe  give,  in  aC 
commercial  quotations,  and  in  all  statistical  records,  precisely  the  same  ngurei 
All  nations  who  accepted  it  would  use  the  same  language  of  value,  and  instead  of 
the  6, 15,  and  25  francs,  as  suggested  by  the  Congress,  which  would  require  con- 
stant computations  in  the  translations  of  different  languages,  only  1,  10,  or  100 
would  be  used,  in  which  values  in  every  country  would  always  be  expressed  in  the 
same  figures. 

If  pure  theory  were  to  be  insisted  on  for  all  the  nations  adopting  the  metric 
system  of  weights  and  measures,  10  grammes  of  pure  gold,  without  alloy,  should 
be  the  unit  of  value  =  34*44  francs,  or  very  nearly  £1  7«.  6d\  But  this  would 
necessitate  the  coinage  of  all  their  gold  and  silver  afresh,  the  gold  alone  being 
estimated  to  be  £280,000,000  sterling  in  those  States  which  have  joined  the  Con- 
vention, as  well  as  £300,000,000  in  other  continental  States  which  may  join 
it  hereafter,  and  £00,000,000  in  the  United  States.  In  Great  Britain  the  goH 
coinage,  though  uncertain  in  amount,  is  not  generally  reckoned  at  more  thai 
£100,000,000. 

»  We  must  therefore  take  a  practical  view  of  the  proposition ;  and  it  would  not 
be  to  the  credit  of  this  country,  with  its  great  influence  in  commerce,  and  its  pre- 
tensions to  a  high  place  in  social  progress,  to  withdraw  from  conferences  in  wniefl 
other  nations  are  taking  so  active  a  part,  in  questions  so  likely  to  promote  the 
peaceful  intercourse  and  prosperity  of  all. 

Statistical  Congress. — The  other  Congress  in  which  this  Section  is  particularly 
interested,  was  the  International  Statistical  Congress,  which,  four  years  after  its 
previous  meeting  in  Berlin,  was  invited  by  the  Government  of  Italy  to  meet  in 
Florence  in  the  early  part  of  October  last  year.  The  statesmen,  learned  professors, 
and  social  reformers  or  Italy  formed  a  larger  body  of  natives,  623,  with  86  foreigners, 
than  even  the  Congress  in  London  in  1860.  The  King  had  nominated  his  eldest 
son,  Prince  Humbert  of  Savoy,  as  general  President,  and  Ilis  Excellency  the 
Minister  of  Agriculture,  Industry,  and  Commerce  (S.  de  Blasiis),  took  a  most 
active  part  in  the  proceedings.  The  effect  of  these  Congresses,  of  which  six  have 
been  held  since  1853,  is  seen  in  the  great  improvement  in  the  form  of  collecting 
government  statistics  of  all  kinds.  By  uniformity  of  methods  and  principles,  not 
only  may  the  relative  progress  of  nations  be  compared,  but  the  phenomena  of  poli- 
tical and  social  economy  examined  under  different  conditions  and  varying  aspects. 
Thus  the  law  of  the  production  and  distribution  of  wealth,  of  the  growth  or  decay 
of  population,  the  causes  of  early  or  late  marriages,  the  effects  of  emigration  on  the 
country  left  or  adopted,  the  best  means  of  the  prevention  or  suppression  of  crime, 
the  evil  effects  of  great  standing  armies,  interfering  with  the  production,  or  caus- 
ing wasteful  consumption  in  a  country,  and  numerous  other  questions  of  the 
highest  interest  to  society  at  large,  may  oe  traced  on  the  broad  map  of  a  continent, 
instead  of  the  narrow  limits  of  a  single  country. 

At  each  successive  meeting,  the  able  and  earnest  men  who,  as  government  offi- 
cials, really  have  influence  to  carry  out  the  resolutions  agreed  to,  have  discussed 
nearly  all  the  subjects  on  which  national  prosperity  depends.  The  summaries  of 
the  previous  reports  by  Dr.  Engel  of  Berlin,  and  Dr.  Maestri  of  Florence,  are  full 
of  matter  for  reflection,  laying  down  the  principles  on  which  every  possible  statis- 
tical question  ought  to  be  studied. 

An  attempt  is  now  being  made  by  some  of  the  leading  members,  animated  and 
guided  by  1£  Quetelet,  who  may  be  considered  the  founder  of  these  Congresses, 
to  collect  on  a  uniform  plan  the  comparative  statistics  of  all  nations  under  the 
principal  heads.    The  first  volume,  on  population,  was  presented  by  M.  Quetelet 
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at  the  last  Congress,  and  is  an  admirable  rtsumS  of  hundreds  of  scattered  official 
volumes.  It  is  to  be  followed  by  other  compilations  in  different  branches  of  statis- 
tics, showing  that  theae  meetings  have  not  ended  in  idle  discussions,  but  will  assist 
the  philosopher  in  his  studies,  aa  well  aa  the  practical  man  in  his  effort*  to  pro- 
mote the  aooial  improvement  of  the  people* 

On  the  suggestion  of  M.  Quetelet,  a  Section  will  be  formed  in  the  next  Con- 
gress, especially  to  examine  statistical  subjects  in  their  direct  relation  with  the 
theory  of  probabilities.  The  laws  of  the  recurrence  of  event*  will  thus  be  elimi- 
nated, and  many  questions  which  are  now  obscure  may,  by  due  value  being  given 
to  the  weight  of  observations,  be  reduced  to  correct  or  approximate  theory. 

Such  Congresses  and  meetings  like  the  present  enable  ail  those  who  are  engaged 
in  a  common  pursuit,  to  benefit  by  the  labour  and  skill,  by  the  depth  of  thought, 
or  wide  experience  of  their  fellow-workers  in  the  same  field.  They  bring  the 
kindly  feelings  of  friendship  to  the  aid  of  scientific  investigations ;  thev  allow  no 
man  to  feel  that  he  can  repose,  as  if  he  had  done  enough  tor  society  $  for  he  finds 
in  the  brief  interval  eince  we  last  met,  what  new  questions  have  agitated  the 
world,  and  how  he  must  bestir  himself  to  keep  pace  with  the  intellectual  progress 
of  the  age ;  they  point  the  way  to  unexplored  tracts  of  knowledge ;  they  utilise 
the  smallest  contributions  of  thought  whilst  filling  the  mind  with  suggestions  of 
the  extent  and  variety  of  the  problems  which  still  remain  to  be  solved  in  the 
social  condition  of  man.  The  domain  of  statistics  is  so  vast,  that  we  should  wel- 
come any  new  labourers  who  will  cultivate  the  new  fields  of  research  constantly 
opening  up.  If  not  strictly  a  science,  it  is  at  least  a  method  of  investigation  which 
requires  to  be  conducted  in  a  scientific  manner,  and  in  an  earnest  spirit  of  search 
for  truth.  Even  undeniable  facte  may  be  so  collected  aa  to  serve  the  cause  of  pre- 
judice, to  perpetuate  error,  or  to  conceal  the  lawa  which  they  should  reveal.  In 
social  science  and  political  economy,  statistics  may  be  considered  the  collection  of 
experiments,  by  the  results  of  which  we  observe  the  hidden  workings  of  the  laws 
which  regulate  the  social  condition  of  man,  and  his  progress  in  civilisation.  The 
growth  and  decay  of  population,  the  freedom  of  capital,  and  the  rights  of  labour, 
the  duty  of  voluntary  or  enforced  education,  the  extent  of  Government  inter- 
ference m  labour  or  manufactures,  the  competition  of  prices,  the  true  principles  of 
commerce,  the  most  effectual  means  of  suppression  or  prevention  of  crime,  the 
theory  of  taxation  and  national  loans,  and  multitudes  of  similar  questions  are  all 

governed  by  subtle  laws  affecting  the  free  will  of  man,  checked  and  kept  in  place 
y  similar  action  in  others,  of  which  we  catch  a  glimpse  sometimes  by  their 
irregular  action  in  enforced  or  abnormal  conditions,  and  sometimes  by  our  having 
discovered  and  acted  in  harmony  with  the  natural  law  which  governs  them.  But 
as  society  is  perpetually  changing,  what  we  have  discovered  and  thought  to  be 
truth  seems  frequently  inadequate  to  account  for  the  new  phenomena  presented. 
It  is  only  by  extending  our  observations  from  the  narrow  sphere  ot  a  single 
country  or  a  single  class  to  all  countries  and  all  classes,  by  such  a  uniform  collection 
of  statistics  as  is  now  being  made  by  all  the  Governments  of  Europe,  by  noting 
differenced  as  well  as  analogies,  and  confessing  and  correcting  errors,  and  compa- 
ring the  operations  of  the  same  causes  under  various  conditions  of  interference,  tnat 
we  shall  throw  light  on  the  many  unsolved  problems  of  social  and  political  eco- 
nomy which  modern  civilization  presents. 


On  some  supposed  Differences  in  the  Minds  of  Men  and  Women  with  regard  to 
Educational  Necessities.    By  Ltdia  E.  Beckeb. 

When  subjects  are  debated  respecting  politics,  literature,  or  science,  as  they 
affect  the  interests  of  humanity,  there  ia  usually  no  reference  to  the  feminine  por- 
tion of  the  race.  In  questions  relating  to  the  supply  of  food,  or  to  sanitary 
arrangements,  there  is  no  need  to  refer  to  women,  because  every  one  admits  that 
they  are  equally  liable  with  men  to  suffer  from  hunger  and  disease,  and  that  they 
have  an  equal  right  to  be  guarded,  as  far  as  possible,  from  the  effects  of  these  evils. 
Were  the  same  principle  of  common  wants  recognized  in  other  questions  than 
those  affecting  mere  physical  existence,  there  would  be  no  occasion  to  remark  on  the 
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absence  of  provision  for  women.  But  women  are  supposed  to  have  equal  needi 
with  men  only  as  regards  the  conditions  of  physical  lire.  Their  moral  and  intel- 
lectual necessities  are  imagined  to  be  widely  different  The  conditions  which  mem 
find  most  profitable  for  the  development  of  their  faculties,  and  the  promotion  ef 
the  highest  enjoyment  of  which  a  moral  and  intellectual  being  is  capable,  ther 
appear  to  regard  as  unsuitable  or  unnecessary  for  women.  Among  these  condition! 
are — 1,  a  liberal  education ;  2,  political  representation.  When  measures  are  unda 
discussion  for  securing  these  advantages  to  the  people  at  large,  it  invariahfr 
appears  that  the  absence  of  provision  for  women  proceeds,  not  on  the  ground  thai 
they  are  included  as  a  matter  of  course,  but  from  the  absolute  exclusion  of  "  ~ 


half  of  humanity,  as  persons  who  have  no  part  nor  lot  in  the  need  for  a  liberal 
education,  nor  for  political  representation.  This  systematic  and  wilful  neglect, 
and  the  legislative  sanction  given  to  it,  has  produced  its  natural  fruit  in  the  pre- 
valence of  the  belief  that  women  are  endowed  with  an  inferior  order  of  intellect 
that  they  are  incapable  of  being  taught  to  the  same  extent  as  men,  and  that  they 
are  naturally  unable  to  appreciate  the  enjoyment  derived  from  the  exercise  of  the 
higher  intellectual  powers.  It  is  a  question  of  serious  importance  to  determine 
how  far  this  belief  is  a  sound  and  scientific  one.  Is  there,  in  truth,  such  a  distinc- 
tion between  the  moral  and  mental  constitution  of  the  two  sexes,  that  what  is 
found  to  be  beneficial  to  the  one  must  be  assumed  to  be  prejudicial  to  the  other ; 
that  what  a  man  likes  and  desires,  a  woman  dislikes  and  deprecates ;  that  the  mind  of 
one  is  progressive,  of  the  other  non-progressive  j  or,  admitting  that  both  are  capa- 
ble of  development,  that  then  nature  is  so  diverse  as  to  require  totally  different; 
methods  of  promoting  this  development  P  Because,  if  there  is  no  such  difference  in 
fact,  the  feminine  portion  of  the  race,  being  debarred  from  opportunities  enjoyed 
by  others  of  cultivating  their  mental  and  moral  faculties,  must  suffer  serious  de- 

Srivation  and  loss.  The  magnitude  of  the  privation  may  be  estimated  by  consi- 
ering  the  difference  it  would  make  to  the  men  of  England  if  there  were  neither 
public  schools  nor  universities  to  stimulate  their  intellectual  powers,  no  career  or 
profession  open  to  them  wherein  they  could,  by  the  exercise  of  these  powers. 
achieve  honourable  distinction ;  if  in  all  public  movements  the  position  assignee 
them  was  that  of  mere  spectators,  if  their  rights  and  duties  as  citizens  consisted  in 
obedience  to  the  will  of  others,  and  if  their  wishes  and  opinions  were  never  taken 
into  account  in  estimating  the  verdict  of  the  people  on  questions  of  national  im- 
portance. If  men  would  feel  the  loss  of  these  conditions  of  mental  life  to  be  aa 
incalculable  deprivation,  it  necessarily  follows  that  withholding  them  from  the 
feminine  half  of  the  people  must  cause  equally  grievous  injury,  unless  it  can  be 
proved  that  there  is  a  specific  and  ineradicable  distinction  between  the  minds  of 
the  two  sexes,  and  that  what  is  good  for  men  is  bad  for  women.  Whether  such  a 
distinction  exists  seemed  a  proper  subject  of  investigation  by  a  scientific  society ; 
therefore  the  following  propositions  were  submitted  to  the  judgment  of  the  Sec- 
tion : — 1.  That  the  attribute  of  sex  did  not  extend  to  mind ;  that  there  is  no  dis- 
tinction between  the  intellects  of  men  and  women  corresponding  to,  and  dependent 
on,  the  special  organization  of  their  bodies.  2.  That  any  broad  marks  of  distinc- 
tion which  may  at  the  present  time  be  observed  to  exist  between  the  minds  of 
men  and  women  collectively  are  fairly  traceable  to  the  influence  of  the  different 
circumstances  under  which  they  pass  their  lives,  and  cannot  be  proved  to  inhere 
in  each  class  in  virtue  of  sex.  3.  That  in  spite  of  the  external  circumstances  which 
tend  to  cause  divergence  in  the  tone  of  mind,  habits  of  thought,  and  opinions  of 
men  and  women,  it  is  a  matter  of  fact  that  these  do  not  differ  more  among  persons 
of  opposite  sexes  than  they  do  among  persons  of  the  same ;  that  on  comparing 
individuals,  or  classes,  of  men  with  women,  the  difference  between  their  mental 
characteristics  will  not  be  greater  than  may  be  found  between  two  individuals  or 
classes  compared  with  others  of  the  same  sex. 


On  the  Moral  and  Pecuniary  Results  of  Prison  Labour. 
By  Sir  John  Bowbino,  F,M.8. 
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On  the  Progress  of  Turkey,     By  Dr.  Hydb  Clarke. 

Agriculture  has  been  favoured  by  emigration,  but  very  little  by  machinery. 
The  restoration  of  cotton  culture,  which  had  made  great  progress,  under  the 
encouragement  of  the  Government,  is  checked  by  the  rail  of  prices.  There  is  an 
increase  in  the  quantity  and  value  of  imports  and  exports.  The  increase  in  the 
revenue  has  been  regular,  but  notwithstanding  this  there  has  been  an  increase  of 
expenditure,  and  the  embarrassments  of  the  Government  are  notorious.  The  rail- 
way system  is  producing  only  limited  results,  but  the  telegraph  is  producing  a 
great  effect  throughout  the  empire,  has  a  great  effect  on  the  provisional  market, 
and  stimulates  enterprise  to  a  remarkable  degree.  There  is  no  ground  to  believe 
that  any  of  the  elements  of  the  population  are  becoming  extinct  The  progress  of 
schooling  among  all  classes,  and  the  development  of  political  rights  among  the 
former  subject-population,  all  attest  the  greater  vigour  and  energy  now  diffused; 
but  the  Government  is  still  far  in  advance  of  its  subjects,  and  real  progress  is 
dependent  on  the  progress  of  general  practical  instruction. 


The  Past,  Present,  and  Future  of  the  Wage-paid  Classes. 
By  F.  8.  Corrance,  M.P. 

After  a  review  of  the  total,  or  partial  failure  to  correct  or  cure,  by  modern  legis- 
lation, the  social  evils  of  which  we  most  complain,  and  bringing  forward  as  in- 
stances the  laws. of  settlement,  poor  laws,  present  and  past,  prisons,  free  labour; 
emigration,  and  even  our  sanitary  laws  and  regulations,  the  author  stated  his 
opinion  that  these  unfortunate  results  had  arisen  both  from  an  imperfect  knowledge 
of  antecedent  circumstances,  and  the  ulterior  consequences  arising  out  of  them. 
Of  the  wage-paid  class,  even  the  records  we  possessed  were  defective  and  incor- 
rect ;  and  if  we  wished  to  form  some  idea  of  their  social  state,  no  better  index  could 
be  found  than  a  careful  review  of  the  enactments  affecting  their  state.  Beyond 
this  our  knowledge  was  confined  to  some  great  cataclysms,  such  as  the  Slack 
Death  in  the  14th  century,  and  the  Reformation  in  the  reign  of  Henry  VIII. 

These  enactments  embraced  laws  of  settlement  and  laws  of  wages  and  labour, 
the  rate  of  which  it  was  constantly  attempted  to  fix ;  instances  of  this  sort  occurred 
under  local  jurisdiction,  even  up  to  the  commencement  of  the  present  century. 
Both  Lord  Kaimes  and  Andrew  Fletcher  testify  to  this. 

Under  such  circumstances  and  popular  conditions  we  found  ourselves  brought  up 
to  the  great  developments  of  the  19th  century,  when  the  repeal  of  most  of  these 
laws  took  place.  Some  however  survived,  like  the  Poor  Law  and  Apprentice  Acts, 
to  be  denounced  by  great  men  like  Sir  Matthew  Hale,  Locke,  and  Mr.  Pitt,  who 
foresaw  some  of  the  future  evils  they  were  calculated  to  produce.  Their  full  de- 
velopment was  nevertheless  delayed  to  a  later  date. 

In  the  early  part  of  this  century  a  great  change  took  place  in  the  habits  of  the 
labouring  class ;  and  under  the  impulse  given  to  production  by  the  introduction  of 
steam  power,  they  emigrated  in  vast  numbers  from  the  south.  In  Lancashire, 
which  in  1801  had  692,731  inhabitants,  there  were  in  1831 1,333,800 ;  in  York- 
shire, East  Riding,  1801,  563,953, 1831,  970,400.  Cottage  industries  were  given 
up,  and  the  mass  of  this  population  were  swept  into  mills,  and  constituted  a  wage- 
paid  class ,-  35,000  handloom  weavers  became  a  pauperized  class.  To  meet  this 
change,  what  were  our  legislators  about  ?  We  naa  seen  their  activity  at  pre- 
vious periods.  This  was  met  by  neglect,  and  a  whole  generation  grew  up  in 
ignorance  and  vice.    Yet  we  wondered  at  trades  unions  and  strikes. 

Up  to  this  time  the  old  Poor  Laws  were  still  in  force,  and  though  constantly 
tinkered  up,  the  evils  did  not  fail  to  increase.  A  few  distinguished  men,  besides 
those  already  named,  appeared  as  reformers  of  the  abuse.  After  Bentham,  came 
Sidney  Smith ;  and  in  1834  some  effective  legislation  took  place.  The  following 
statistics  of  certain  periods  will  show  to  what  effect : — 
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A.D. 

Popula- 
tion. 

Pauper- 
ism. 

Expendi- 
ture. 

Pound- 
age. 

Wheat 
at 

Rateable 
Property. 

1834 
1844 
1854 
1864 
1865 
1866 
1867 

14             0 
1(             0 
11             0 
2(             0 
2(             0 
2]             0 

SOtyOOO 
864,617 

1,014,078 
961,899 
916,162 

1,040,962 

6; 

t 
8 

£    s.    d. 

16    3 
18    1 
14    5 
14    0 

«.    d. 

(ti'Y 
43    2 
39    8 
43    6 
63    7J 

64>OOOrOOO 
68,000,000 

93,600,000 

During  part  of  the  same  period  the  emigration  has  stood  thus : — 

1861  22,145) 

1862  85,487  \  England  and  Wales. 

1863  61,243) 

Of  these,  the  first  ten  years  only  show  any  decrease ;  and  the  conclusion  is  <_ 
more  reached,  that  Poor  Laws  cannot  cure  a  moral  evil  so  deep  seated  as  this. 

Nevertheless,  thus  abandoned,  the  working  classes  were  not  idle  on  their  own 
behalf.  They  formed  societies  of  different  sorts.  Of  Friendly  Societies,  the  fin* 
was  formed  in  1793.  since  which  their  number  has  reached  24,800,  with  3,000,000 
members,  and  £20,000,000  of  assets. 

Medical  clubs  have  also  been  successfully  carried  out,  the  chief  obstacle  being 
the  dependence  upon  Poor-law  relief. 

Cooperative  Associations  are  still  higher  efforts  of  the  same  class,  and  of  these 
406  at  present  exist,  with  173,243  members,  and  £1,009,849  of  assets. 

The  Trades'  Union  is  another  spontaneous  effort  of  a  proletarian  class,  and  as- 
sociated in  antagonism  to  capital  it  forms  a  problem  of  the  gravest  character. 
It  must  be  tested  and  examined  in  no  unkindly  spirit,  lest  a  permanent  hosti- 
lity be  the  result. 

Judging  from  antecedents,  it  is  but  a  transitory  phase,  and  its  principle  of  self- 
sacrifice  tne  only  imperishable  part. 

From  such  materials  it  is  not  easy  to  predicate  the  future  of  the  working-  class. 
Spontaneous  development  can  only  be  trusted  where  education  is  complete. 

For  Poor  Laws  cannot  we  substitute  Friendly  and  Medical  Societies,  self-snp- 
portingand  independent? 

For  Trades'  Unions,  a  communism  of  a  higher  class.  Is  there  no  social  economy 
of  another  order,  or  gentler  code  of  laws  more  in  accordance  with  the  Christianity 
we  profess  ?  Upon  the  answer  found  will  depend  the  stability  of  our  society  and 
the  future  of  the  working  class. 

On  the  Statistics  of  Pulmonary  Consumption  in  623  Districts  of  England  smi 
Wales.    By  Edwaeds  Crisp,  M.D. 

The  subject  is  one  of  great  importance  as  regards  the  health,  happiness,  and 
longevity  of  the  human  race ;  for,  notwithstanding  the  sanitary  measures  adopted 
in  this  and  other  countries,  the  author  had  reason  to  believe  that  phthisis  was  on  the 
increase.  It  appeared  to  follow  the  march  of  civilization,  and  its  prevalence  had 
a  direct  connexion  with  population  and  the  artificial  habits  and  the  vitiated  atmo- 
sphere in  which  they  Uvea.  The  author  took  his  returns  as  to  the  mortality  of 
England  and  Wales  from  phthisis  from  the  Registrar-General's  report  from  1851 
to  1861,  dividing  the  population  by  the  number  of  deaths,  so  that  the  highest 
numbers  indicated  the  greatest  exemption  from  disease.  At  Thetford  one  person 
in  28  dies  from  phthisis  j  and  the  quantity  of  stagnant  water  in  and  about  the 
town  and  in  the  surrounding  districts  is,  in  part,  sufficient  to  account  for  this 
large  amount  of  mortality.  In  the  following  towns  in  Norfolk,  with  the  districts 
around,  the  mortality  from  this  disease  is  as  follows : — Guiltercross  29,  Walsing- 
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"  ham  81,  Milford  32,  Erpingham  83,  Wayland  86,  Tunstead  36,  Depwade  36,  Nor- 
!  wich  37,  Ailsham  38,  Flegg  39,  Yarmouth  40,  Loddon  41.  Hengtead  41,  Blofield  43, 
K  Treebridge  Lynn  44,  King's  Lynn  47,  Swaffham  47,  Docking  47,  Downham  48, 
1  Forehoe  49,  St.  Faith's  50.  At  Chelsea,  the  number  was  28,  whilst  at  Hampstead 
i  it  was  61,  so  that  while  one  person  in  28  died  at  Chelsea  from  phthisis,  only  one  in 
61  died  from  the  same  disease  at  Hampstead.  With  regard  to  pulmonary  consump- 
I  tion,  the  returns  showed  that  the  death-rate  corresponded  generally  with  the  density 
I  of  the  population  ;  that  the  general  mortality  of  England  and  Wales  was  at  the  rate 
of  24'47  per  thousand ;  that  in  the  healthy  and  more  thinly  populated  districts  the 
I  rate  was  only  17-63  ner  thousand  j  while  in  the  large  towns  it  was  28*01.  In  the 
agricultural  part  of  Surrey  it  was  18  per  1000^  in  Westmoreland  18,  in  Sussex  19, 
in  Lincolnshire  19,  and  in  Dorsetshire  19  •  while  in  the  metropolitan  part  of  Surrey 
it  was  25,  in  London  24,  Staffordshire  25,  Lancashire  27,  Yorkshire  23,  West 
Hiding  24,  and  North  Hiding  19.  At  Bromley  in  Kent,  at  East  Hampstead,  in 
Berkshire,  and  Dulverton,  in  Somerset,  the  rate  was  only  16-  at  Tenhury,  in  Wor- 
cester, King's  Norton,  near  Birmingham,  Hampstead,  Pershore,  in  Worcestershire, 
Haltwhistle,  Bedford,  Longtown,  and  Bootle.  the  rate  was  from  14  to  17  •  at  Belling- 
ham,  in  Northumberland,  it  was  only  14,  and  at  Glendale  and  Hothbury  it  was  15. 
In  Wales,  the  least  mortality  was  at  Knighton,  where  it  was  16 ;  in  England,  the 
lowest  rate  was  at  Bellingham.  The  total  deaths  in  the  ten  years  were  4,210,715,  of 
which  508,923  were  from  phthisis,  the  deaths  of  females  exceeding  those  of  males 
by  30,313.  In  the  twelve  districts  of  England  and  Wales,  the  proportion  of  cases  to 
population  was: — North  West  31,  Monmouthshire  and  Wales  32,  London  34, 
Eastern  Counties  37,  Yorkshire  37,  North  Midland  39,  South  Eastern  39,  South 
Midland  40,  South  Western  41,  West  Midland  42,  Northern  Counties  42,  so  that 
the  West  Midland  and  the  Northern  Counties  were  the  most  exempt,  and  in  the  North 
Western  Counties  andWales  the  disease  was  the  most  prevalent  Among  sailors, 
the  most  fatal  stations  as  regarded  phthisis  were  the  western  coast  of  Africa  and  the 
Mediterranean.  A  dry  atmosphere,  cold  or  hot,  was  most  frequent  in  districts 
where  phthisis  was  comparatively  rare.  Among  some  of  the  causes  of  phthisis 
were  possibly  included,  atmosphere^  soil,  climate,  amount  of  population,  nature 
of  occupation,  hereditary  predisposition,  food,  and  the  communicability  of  the 
disease.  There  was  no  doubt  that  one  frequent  exciting  cause  of  phthisis  was-  the 
exposed  state  of  our  railway  stations  and  steamboat  piers,  which  people  would 
hurry  to  reach  in  order  to  save  a  boat  or  train,  and  where,  having  become  heated, 
they  were  in  cold  weather  liable  to  a  sudden  chill — a  matter  that  should  be  brought 
before  the  House  of  Commons  as  one  materially  affecting  the  public  health. 

The  object  of  this  paper  was  especially  to  snow  that  a  moist  damp  atmosphere, 
which  by  many  had  hitherto  been  considered  the  best  for  those  predisposed  to 
tubercular  affections  of  the  lungs,  was  the  worst  that  could  be  selected.  Thus, 
taking  the  county  of  Norfolk,  at  Thetford,  and  in  the  surrounding  districts,  where 
stagnant  water  and  fogs  were  prevalent,  the  mortality  was  1  in  28;  whilst  at 
King's  Lynn,  Downham,  and  St  Faith's  and  other  places  it  was  considerably  less.] 
The  results  are  obtained  by  dividing  the  amount  of  population  by  the  number 
of  deaths  from  phthisis  during  the  ten  years  named.  Fractions  are  purposely  avoided* 
because  the  data  are  necessarily  imperfect,  and  because  such  a  comparative  method 
for  general  purposes  is  better  understood. 


On  Patent  Monopoly  as  affecting  the  encouragement,  improvement,  and  pro- 
gress of  Science,  Arts,  and  Manufactures.  By  Hknbt  Dercks,  C.E>, 
FM.S.E.  

On  the  New  Scheme  of  Mr.  C.  Seely,  M.P.,  and  Mr.  F.  P.  Fellows  for  Admi- 
ralty Estimates,  and  "  Finance"  "  Expense,"  "  Manufacturing,"  and  other 
Accounts,  dfc,  recommended  for  adoption  by  the  Committee  of  the  Mouse  of 
Commons  on  Naval  Monies  and  Accounts,  and  now  being  introduced.  By 
Frakx  P.  Fellows,  F.S~<L.,  F.SJ3. 
The  author  prefaced  his  remarks  by  explaining  that  for  some  years  he  had  been 
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engaged  with  Mr.  Seely  in  investigating,  unofficially,  the  various  Estimate*, 
Finance,  and  other  accounts  annually  presented  to  Parliament,  and  more  especially 
those  of  the  Admiralty. 

A  description  of  existing  Admiralty  accounts  and  of  certain  changes  made  from 
time  to  time,  will  be  necessary  for  this  purpose. 

In  1864  he  commenced  his  investigations.  He  found  the  principal  Admiralty 
documents  annually  presented  to  Parliament  were, — 

1.  The  "  Navy  Estimates ; "  giving  the  monies  required  to  be  voted  by  the  House 
of  Commons  for  the  whole  Naval  Service  for  the  forthcoming  year. 

2.  Finance  Accounts,  called  "  The  Savings  and  Deficiencies  on  the  Grants,  &e~," 
which  at  the  end  of  the  financial  year  are  published  to  show  how  much  more  or 
less  than  the  amounts  voted  has  been  paid  for  the  Naval  Service. 

8.  Accounts  called  "Navy  Ships"  Accounts  which  profess  to  give  the  expen- 
diture on  each  ship  building  or  repairing,  and  the  total  so  expended  during  the 
past  financial  year. 

4.  Accounts  called  "  Navy  Dockyards  and  Steam  Factories  "  Accounts,  which 
profess  to  give  the  expenditure  in  each  of  the  125  Dockyard  "  Manufactories/' 
the  25  u  Factories,"  and  for  the  various  conversions  of  timber  at  the  saw-pits  and 
saw-mills  of  each  yard.  These  documents  also  profess  to  give  the  cost  and  the 
rate-book  price  of  the  several  descriptions  of  articles  made  or  timber  converted  at 
each  of  these  manufactories,  factories,  saw-pits  and  saw-mills.  The  rate-book  price 
of  articles  professes  to  be  the  previous  year  s  average  cost  of  articles  at  the  wkck 
7  Home  Dockyards. 

5.  Navy  Labour  Charts,  giving  details  of  labour  employed  on  each  ship.  [Not 
now  published.] 

He  found  it  difficult  to  ascertain  correctly  what  items  of  expenditure  the  Admiralty 
had  or  had  not  included  in  their  given  cost  of  ships  built  and  repaired.  lie  there- 
fore wont  carefully  through  the  Navy  Estimates  and  Savings  and  Deficiencies 
Accounts  from  1860-61  to  1863-64  (four  years),  and  picked  out,  first,  merely  the 
amounts  voted  and  paid  for  wages  and  ship-building  stores  bought,  thinking  the 
Admiralty  must  have  at  least  included  these.  But  he  found  that  the  amount  he  thus 
obtained  exceeded  the  Admiralty  given  expenditure  in  ship-building  and  repairing 
by  about  two  millions  (£1,870,000)  [oee  Hansard,  Mr.  Seely,  March  2,  6,  9,  and 
April  3, 1865,  p.  705].  In  other  words,  he  ascertained  that  either  the  Admiralty 
stock  of  ship-building  stores  had  increased  £1,870,000,  or  that  £1,870,000  for 
wages  and  materials  had  been  omitted  from  the  Admiralty  cost  of  shins  built  and 
repaired,  or  that  both  causes  had  operated  to  bring  about  this  apparent  deficit.  He 
then  nicked  out  other  items  from  the  "  Estimates  and  "  Savings  and  Deficiencies  " 
that  he  thought  properly  chargeable  to  ships  built  and  repaired,  such  as  wages  of 
foremen,  salaries  of  clerks  employed  in  connexion  with  shipbuilding,  &c.,  pensions 
to  shipwrights  and  others,  who  in  consequence  of  these  respective  pensions  work 
for  about  2«.  a  day  less  than  other  shipwrights,  and  found  that  these  additional 
items  amounted  to  £1,363,111  [see  Hansard,  Mr.  Seely,  March  6, 1865,  pp.  1196- 
1199;  also  Navy  Ships,  *  Frederick  William/  No.  538.  Aug.  13, 1867,  p.  27J.  Eariv  in 
Februury  1866Tsee  Hansard,  Mr.  Seely  and  Mr.  Guilders,  March  2, 1865,  pp.  1013- 
1018],  Mr.  Seely  gave  notice  that  he  should  bring  the  subject  before  the  House  of 
Commons,  and  at  the  same  time  he  showed  tnese  calculations  and  results  to 
Lord  Clarence  Paget,  the  Secretary,  and  to  Mr.  Childers,  the  Civil  Lord  of  the 
Admiralty ;  and  on  the  2nd  of  March,  and  again  on  the  6th,  Mr.  Seely  made  speeches 
on  the  subject  in  the  House  of  Commons.  To  the  credit  of  Mr.  Childers,  he,  as 
Chairman  of  a  Committee  of  Admiralty  officials  then  sitting,  at  once  issued  instruc- 
tions to  include  these  omitted  items  in  future  Admiralty  Accounts  [see  Navy  Dock- 
yard Accounts,  No.  465, 4th  July  1865,  p.  27].  Directly  after?  Mr.Fellows  went  to 
the  Admiralty  at  the  request  of  Lord  Clarence  Paget,  Mr.  Childers,  and  Mr.  Seely, 
where  he  met  Mr.  Childers  and  others,  and  these  calculations  were  examined  and 
found  to  be  correct;  and  the  Admiralty  Navy  Ships'  Accounts  for  1864-65,  pub- 
lished in  February  1866,  No.  44,  included  for  the  first  time  these  omitted  items, 
and  were  consequently  far  more  correct  than  all  preceding  accounts ;  and  in  the 
Army  Manufacturing  Accounts  for  1864-65,  published  7th  March  1866,  No.  96,  he 
found  for  the  first  time  there  are  additional  Balance  Sheets,  called  No.  2,  of  all 
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the  manufactories  made  out  in  a  similar  manner,  and  including  similar  iteni9  to 
his  sheet  of  1864,  shown  Admiralty,  in  1865  (for  copy  see  Navy  Ships, '  Frederick 
William/  Aug.  1867,  No.  538). 

The  Admiralty  in  their  accounts  adopted  some  of  the  omitted  items  thus  brought 
to  light,  and  their  forms  of  balance  sheet  and  accounts  were  similar  to  those  by 
which  he  had  been  enabled  to  discover  these  omitted  items.  These  principles  and 
forms,  though  the  best  for  his  purpose,  which  was  to  ascertain  the  total  amount 
omitted,  ana  the  average  percentage  to  be  added  to  ships  in  consequence,  were, 
however,  not  the  best  principles  and  forms  to  adopt  for  an  ordinary  Admiralty 
balance  sheet ;  for  the  proper  method  in  the  latter  case  is  to  add  the  indirect  and 
omitted  items  in  each  Dockyard  to  that  Dockyard's  Ships,  and  not  to  bring  them 
altogether  into  one  lump  sum  for  all  the  yards  and  then  distribute  it  at  one  uni- 
form percentage  to  every  ship  built  or  repaired  at  any  of  the  7  Home  or  15  Foreign 
Dockyards. 

Later  in  the  session  of  1865,  at  the  suggestion  of  Mr.  Seely  and  Lord  Palmerston, 
on  the  16th  of  June  [see  Hansard,  16th  June,  pp.  396-399]  he  went  again  to  the 
Admiralty,  and  early  in  1866,  on  Lord  Clarence  Taget  stating  on  the  1st  of  March, 
1866,  that  "  The  Hon.  Member  for  Lincoln  (Mr.  Seely)  had  asked  whether  his 
secretary  could  be  permitted  to  go  to  the  Admiralty  in  order  to  correct  certain  mis- 
apprehensions respecting  the  accounts  of  the  Accountant  General  of  the  Navy. 
The  Hon.  Gentleman  had  been  of  great  service  to  the  Admiralty,  and  he  should  be 
extremely  glad  to  go  into  the  matter  with  him  "  [see  Hansard,  March  1, 1866, 
Paget,  p.  1866],  he  entered  into  an  investigation  of  the  manufacturing  accounts 
(as  arranged  between  Lord  Clarence  Paget  and  Mr.  Seely)  in  conjunction  with 
the  Accountant  General  and  other  Admiraltv  officials. 

Early  in  1867  a  correspondence  occurred  between  the  Controller  of  the  Navy 
(Admiral  Robinson),  Mr.  Seely,  and  Mr.  Fellows,  and  an  investigation  into  the  true 
cost  of  the  ships '  Frederick  William/  '  Brisk/  and ' Cadmus/  the  Admiralty  having 
disputed  Mr.  oeeiy's  figures.  In  order  to  get  the  true  cost  of  the  'Frederick 
Wuliani/  which  was  commenced  in  1841,  and  not  finished  till  1865,  Mr.  Fellows  had 
to  ascertain  the  percentage  to  be  added  to  ships  generally  for  the  omitted  items  for 
each  year,  from  1841  to  1865.  He  found  that  up  to  1861  the  only  items  the  Admi- 
ralty reckoned  as  having  formed  part  of  the  cost  of  ships  were  the  mere  labour 
and  materials  employed  directly  m  and  upon  each  individual  ship ;  none  of  the 
labour  or  materials  used  about  the  ship-yard,  and  necessary  to  ship-building,  were 
included.  From  1861  to  1864  he  found  the  latter  items  had  been  mcluded,  and  in 
1864-65  for  the  first  time  were  added  the  items  he  had  discovered  as  having  been 
formerly  omitted. 

For  this  purpose  he  made  balance  sheets  or  tables  [see  Return,  Navy  Ships, 
'  Frederick  William/  &a,  No.  538, 13th  August  1867,  pp.  14-181  giving  for  each 
year,  first,  the  total  cost  of  ships  built  and  repaired,  reckoned  for  each  year,  as 
the  Admiralty  reckoned,  up  to  1861.  In  another  column  he  rave  the  amounts 
for  each  year,  consisting  of  similar  items  to  those  included  in  Admiralty  accounts, 
from  1861  to  1864 ;  in  a  third  column  he  gave  for  each  year  the  additional  amount 
of  the  items,  added  to  Admiralty  accounts  in  1864-65.  So  that  he  had  thus  for 
every  year,  from  1841  to  1865, — 

1st.  The  cost  of  ships,  for  each  year,  reckoned  as  the  Admiralty  reckoned,  up 

to  1861.    This  he  called  Method  No.  1. 
2ndly.  The  cost  for  each  year,  reckoned  as  the  Admiralty  reckon  their  accounts, 

from  1861  to  1864,  or  Method  No.  2. 

3rdly.  The  cost  for  each  year,  reckoned  as  the  Admiralty  reckoned,  in  1864-65, 

or  Method  No.  8. 
He  thus  obtained  the  average  percentage  to  be  added  to  the  Admiralty  given  cost 
for  each  year,  to  get  the  cost  as  reckoned  by  the  Admiralty  in  1864-65. 

The  Admiralty,  in  their  accounts  for  1865-66,  published  22nd  July  1867,  No.  454, 
changed  for  the  second  time  the  form  of  their  accounts,  and  gave  the  three  columns 
as  he  had  given  them  in  the  balance  sheets,  which  were  intended  merely  to  enable 
him  to  ascertain  the  approximate  percentages  to  be  added  for  each  year  to  the 
Admiralty  given  expenditure  in  each  year  of  the  '  Frederick  William/  ''Brisk/  and 
4  Cadmus.' 
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Here,  again,  though  these  divisions  were  imperative  for  his  purpose,  it  does  not 
bv  anv  means  follow  that  they  were  the  best  for  an  ordinary  account. 

He  had  already  completed  with  Mr.  Seely  a  special  system  of  accounts  for  the 
7  Home  and  15  Foreign  Dockyards  and  their  160  different  manufectories :  and 
with  the  view  of  getting  it  introduced.  Mr.  Seely  early  in  1867  obtained  a  Com- 
mittee of  the  House  of  Commons  to  inquire  into  Admiralty  monies  and  account*, 
and  finding  on  inquiry  from  the  Accountant  General  that  an  Official  Committee 
(which  had  been  appointed  directly  Mr.  Seely  gave  notice  that  he  should  move  fi» 
a  Committee  of  the  House)  had  no  forms  or  schemes  to  propose,  and  could  come  to 
no  agreement  or  conclusion  amongst  themselves,  Mr.  Fellows  gave  and  explained  the 
new  scheme  of  accounts  to  Mr.  Beeby  (the  Accountant  General),  Mr.  W  alker,  and 
Mr  Brady,  of  the  Admiralty,  before  Easter.  Mr.  Seely's  Committee  finally  recom- 
mended the  adoption  of  this  scheme  in  its  entirety,  with  certain  minor  modifi- 
cations that  had  been  jointly  agreed  upon  between  the  Admiralty  officials  and 
Mr  Fellows  at  their  interviews  before  Easter  [see  Report,  Admiralty  Monies  and 
Accounts,  27th  July  1868,  No.  469,  p.  iv,  ,par.  10 ;  p.  v.  par.  13 ;  pp.  xv,  xyi,  ppJKB 
to  322 :  p.  362.  Q.  6761  j  and  on  p.  370.  Q.  5899 ;  and  Appendix,  pp.  698  to  603 


J* 

Tions 


This  scheme  is  now  being  introduced  into  the  Admiralty.  It  reverses  the  previ 
system  of  Admiralty  accounts.  The  practice  had  been  to  treat  the  whole  22  Dock- 
yards, with  their  150  manufactories,  as  one  great  establishment,  so  that  'article! 
made  for  ship-building  or  timber  or  materials  converted,  say,  at  Devonport,  costrat 
on  an  average  20  per  cent,  below  the  average  of  the  other  yards,  were  yet  charged 
to  Devonport's  ships  at  the  average  cost  of  all  yards :  and  articles  &c  costing,  say, 
at  Portsmouth,  20  per  cent,  more,  were  similarly  charged;  so  that,  though  there 
might  be  a  difference  of  40  per  cent  between  the  cost  of  articles  &c.  at  Devonport 
and  Portsmouth,  yet  these  articles  &c.  were  charged  at  the  same  price*  to  snip 
built  at  both  places.  . 

Respecting  the  160  manufactories  and  the  saw-mills  and  saw-pita  in  which  aw 
made  or  converted  the  articles  or  materials  used  in  the  construction  or  repair  of 
ships  at  each  yard,  he  found  that  the  so-called  cost  of  timber  converted  or  articles  madi 
excluded  many  itemB  forming  part  of  their  real  cost;  as,  for  instance?  the  timber  u 
charged  to  ships  did  not  include  the  cost  of  freight,  measuring,  receiving  into  and 
issuing  from  store,  the  expenses  or  labour  in  taking  it  to  or  from  the  saw-mills  or 
saw-pits,  or  to  the  ships  where  used  (these  items  in  1865-66  beinff  about  £200,000) ; 
nor  the  wages  of  converters  of  timber,  measurers,  foremen,  and  clerks  connected 
with  the  timber  conversions,  though  he  found  that  in  one  yard  he  examined  tk# 
omitted  salaries  amounted  to  a  larger  annual  sum  than  aU  the  wages  paid  for  tfee 
sawing  and  conversion  of  the  timber  itself,  this  latter  being  the  only  item  for  labour 
of  any  kind  charged  to  the  timber  when  converted ;  in  fact  it  only  included  part 
of  the  cost  of  labour,  and  really  only  part  of  the  cost  of  material,  since  freight  kc 
really  adds  to  such  cost  The  same  remarks  will  also  anply  to  all  the  manunictobsi 
and  factories  \  the  only  items  reckoned  and  included  in  the  cost  of  their  article! 
being  part,  and  part  only,  of  the  cost  of  labour  and  material,  all  charges  for  fore- 
men? wages  and  supervision  and  indirect  expenditure  being  omitted  altogether 

from  such  cost.  .... 

The  new  Scheme  reversed  all  this,  and  was  based  on  the  principle  that  each 
manufactory  should  be  treated  as  if  it  were  the  only  manufactory  carried  on  by  th* 
Admiralty ;  that  all  items  of  expenditure  connected  with  it,  direct  or  indirect,  should 
be  charged  to  its  products,  and  the  thus  properly  enhanced  price  should  he  the 
price  at  which  the  articles  should  be  issued  and  charged  to  ships ;  that  all  indirect 
charges  in  each  dockyard  that  could  not  be  appropriated  and  charged  to  the  nro- 
ducts  of  any  manufactory  in  any  yard  should  finally  be  distributed  on  the  snips 
built  and  repaired  in  the  yard  where  such  expenses  were  incurred.  Lastly,  it  esta- 
blished a  connexion  between  theNavy  Estimates  [which  give  the  money  to  be  voted' 
with  all  the  succeeding  accounts,  by  which  the  money  as  voted  by  the  House  could 
be  readily  traced  and  checked  in  all  of  them.  This  introduced  a  new  principle  into 
both  what  may  be  called  the  parliamentary  accounts  and  the  departmental  accounts 
or  detailed  accounts  of  expenditure,  such  as  cost  of  ships,  articles  made  at  the  manu- 
factories, &c.  By  it  a  unity  was  created  which  did  not  exist  before  between  the 
parliamentary  and  the  departmental  accounts.    This  Mr.  Fellows  considered  one  of 
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the  best  and  most  novel  parts  of  the  scheme.  The  particular  result,  to  far  as 
the  Admiralty  is  concerned,  is  that  in  future  when  the  House  votes  money  it  will 
practically  ensure  its  proper  appropriation,  and  the  given  cost  of  ships  built  and  re- 
paired must  balance  %n  each  yard  certain  sums  of  money,  as  voted  or  arranged  and 
tabulated  in  the  estimates  when  voted  by  the  House  j  therefore  in  future  it  will  be 
impossible  for  the  Admiralty  to  add  or  omit  items  at  pleasure  from  their  given 
cost  of  ships.  The  importance  of  this  will  be  at  once  seen  when  we  consider  that 
a  ship  costing  £100,000,  reckoned  as  the  Admiralty  reckoned  up  to  1861,  would  be 
given  as  costing  £120,000,  reckoned  as  the  Admiralty  reckoned:  from  1861  to  1864, 
and  from  £140.000  to  £160,000  reckoned  as  in  1864-65  and  1865-66  j  or,  in  other 
words,  of  the  £11,000,000  'voted  for  the  whole  naval  service,  it  was  in  the  power 
of  the  Admiralty  to  make  out  their  accounts  of  the  cost  of  ships  so  that  it  might 
appear  that  they  had  spent  £2,000,000  only  for  ship-building,  when  £3,000,000 
had  been  actually  expended,  or  vice  versd. 

Finally,  the  great  practical  result  that  is  to  be  expected  from  this  reversing  of  the 
previous  system  is,  that  a  competition  in  efficiency  and  cost  will  be  established 
between  manufactory  and  manufactory,  between  yard  and  yard,  which  was  wanting 
before,  and  that  in  future  Devonport's  or  any  other  yard's  economy  shall  not  be  hidden 
and  taxed  to  hide  and  to  pay  for  Portsmouth's  or  any  other  yard's  extravagance, 


On  Educational  Endowments.    By  J.  G.  Frrofi,  one  of  the  Assistant  Commit* 
sioners  of  the  late  Schools-Inquiry  Commission* 

The  Commission  had  been  presided  over  by  Lord  Taunton,  and  had  presented 

an  elaborate  report  within  the  last  year.    It  had  not  been  instructed  to  inquire  into 

those  endowments  which  were  designed  to  promote  elementary  education*  ndt 

into  those  of  the  nine  great  foundation  schools,  including  Eton,  Harrow,  and  Win** 

cheater.    Its  work  had  extended  over  the  whole  of  the  vast  field  of  investigation 

lying  between  these  two  extremes ;  and  within  this  area  it  had  found  no  less  than 

820  endowed  foundations  which  had  been  intended  to  give,  or  which  were  now 

actually  giving  secondary  or  higher  education.    The  gross  annual  revenue  of  the 

charities  to  which  these  schools  belong  is  £336,201.    But  of  this  sum  a  part  is 

appropriated  to  the  maintenance  of  almshouses  or  other  eleemosynary  objects,  and 

that  income,  after  all  deductions  are  made  for  management,  amounts  to  £196,184 

for  the  maintenance  of  the  schools,  besides  £14,264  in  the  form  of  exhibition*) 

generally  intended  for  the  use  of  such  pupils  as  proceed  to  the  universities.   These 

sums,  however,  represent  very  inadequately  the  resources  of  the  foundation  schools  \ 

for  besides  these  there  is  in  nearly  every  case  a  freehold  school-room,  besides 

grounds  and  a  dwelling-house  or  nouses  for  the  master  and  for  the  reception  of 

boarders.    All  this  is,  of  course,  additional  to  any  fees  which  may  be  charged  t6 

parents,  and  may  be  considered  as  a  provision  either  for  enabling  scholars  to 

obtain  superior  education  without  payment,  or  at  least  for  cheapening  education 

for  those  who  could  only  afford  to  pay  a  portion  of  its  market  price.    The  amount 

of  endowment  varies  considerably.    The  richest  foundation  in  the  kingdom  it 

Christ's  Hospital,  with  a  net  income  of  £42,000,  while  a  few  are  endowed  witk 

nothing  more  than  a  small  tenement  which  serves  as  a  school-house,  and  a  rent** 

charge  of  £5  or  £10  per  annum.   There  are  nine  foundations  with  incomes  exceeding 

£2000,  thirteen  others  with  upwards  of  £1000,  fifty-five  with  less  than  £1000  and 

more  than  £500,  222  with  less  than  £500  but  more  than  £100?  while  the  remainder 

are  endowed  with  less  than  £100  per  annum  each.    Similar  inequalities  appear  in 

the  local  distribution  of  the  schools,  although  the  modern  facilities  of  communica* 

tion  render  this  a  minor  evil,  one  which  scarcely  calls  for  a  remedy,  except  so  far 

as  day  schools  are  concerned.     Yet  the  Commissioners  report  that  in  the  London 

district  the  net  sum  arising  from  grammar-school  endowments  is  £56,000;  in 

Yorkshire,  upwards  of  £18,000;  in  Lancashire,  £9000;   Lincolnshire,  £7000  J 

-while  Cornwall,  which  stands  lowest  on  the  list  of  counties,  has  no  more  than 

,-£400,  and  buildings  of  very  little  value.    But  the  most  serious  revelations  of  the 

Commissioners  relate  to  the  educational  condition  of  the  schools.    On  this  point 

the  evidence  is  very  copious,  occupying  nearly  twenty  volumes,  and  it  is  almost 

11* 


Digitized  by 


Google 


164  report— 1868. 

impossible  to  summarize  it.  But  the  total  number  of  boys  professing  to  belong 
to  these  820  schools  is  9279  warders  and  27,595  day  scholars,  a  number  whollj 
inadequate  when  the  capacity  of  the  school-rooms  and  the  resources  of  the  trustees 
are  considered:  and  of  this  number  very  few  are  receiving  the  classical  education 
contemplated  by  the  founders,  while  the  general  instruction  in  other  subjects  is, 
ad  a  rule,  of  very  inferior  quality.  Indeed  the  very  existence  of  the  statutes  pre- 
scribing the  ancient  learning  often  serves  as  an  excuse  for  withholding  any  modern 
addition  to  it.  It  had  been  his  own  duty  as  Assistant  Commissioner  to  visit 
about  120  schools,  and  to  report  thereon  to  the  Commission.  Of  these  there  were 
perhaps  twenty  which  deserved  the  name  of  good  schools,  including  five  or  six 
which  stood  in  the  foremost  rank  for  efficiency  j  but  of  the  rest  scarcely  any  would 
pass  muster  as  respectable  National  Schools,  while  the  large  majority  were,  in 
material  equipment,  in  method,  in  the  quality  of  the  instruction,  and  in  the 
brightness  and  mental  activity  of  the  scholars,  very  much  below  even  that  hum- 
ble standard.  Similar  evidence  abounded  in  the  reports  of  the  Assistant  Commis- 
sioners, particularly  in  those  of  Mr.  Fearon  and  of  Mr.  Brvce.  The  paper  proceeded 
to  discuss  the  constitution  of  bodies  of  trustees,  the  freehold  tenuretof  the  master- 
ships, and  other  hindrances  to  the  proper  development  of  the  schools.  At  present 
three  authorities  exist  for  rectifying  abuses  and  creating  new  schemes — Parliament, 
the  Court  of  Chancery,  and  the  Charity  Commission  j  but  no  one  of  them  ever 
initiates  proceedings,  or  deals  with  a  school  or  group  of  schools  on  any  general 
plan.  They  provide  no  security  for  the  continued  efficiency  of  the  schools,  or  for 
their  development  according  to  the  future  needs  of  the  people.  Above  all,  Par- 
liamentary and  Chancery  schemes  for  single  institutions  are  all  alike  hampered  by  an 
attempt  to  keep  as  close  as  possible  to  the  intentions  of  the  founders — an  attempt 
which  often  perpetuates  capricious  and  mischievous  regulations,  and  puts  a  bar  to 
future  improvement.  The  statesmanship  of  the  future  would  probably  reverse  the 
whole  law  of  inheritance,  and  ask  boldly  by  what  right  the  pious  founders  of  these 
institutions  were  to  go  on  for  generations  legislating  on  a  subject  on  which  private, 
irresponsible,  and  local  regulations  were  likely  to  be  especially  mischievous,  and 
on  which  the  supreme  intelligence  of  the  nation,  as  represented  in  Parliament, 
ought  first  to  be  heard.  By  the  law  of  France,  no  man  is  permitted  to  bequeath 
money  for  any  public  purpose  to  a  private  corporation  of  trustees  nominated  by 
himself;  every  such  bequest,  if  made  at  all,  must  be  confided  to  the  administra- 
tion of  a  personne  civile,  or  some  Corporation,  municipal  or  otherwise,  known  to 
the  law,  and  responsible  to  the  civil  authority.  Instances  were  given  showing  the 
need  of  some  energetic  restraint  in  this  country  on  the  power  a  testator  now  pos- 
sesses of  enacting  laws  with  a  view  rather  to  gratify  his  own  vanity  or  selfishness, 
or  to  promote  some  false  theory  of  education,  than  to  promote  the  public  interest. 
Meanwhile  the  Royal  Commissioners  had  not  recommended  any  change  in  the 
law  of  inheritance ;  but  they  had  put  forth  a  plan  for  organizing  and  utafizing  the 
existing  endowment,  which  deserved  the  earnest  attention  of  the  public    They 

Imposed  to  establish  in  each  of  the  eight  divisions  of  the  Registrar-General  a 
ocal  Board  of  Commissioners,  with  power  to  fix  the  grade  of  each  endowed 
school,  to  convert  useless  or  effete  endowments  into  exhibitions,  to  rearrange, 
where  necessary,  the  local  distribution  of  the  schools,  to  institute  periodical  in- 
spection, and  to  report  publicly  on  each  of  them.  These  local  Boards  are  to  work 
in  harmony  with  a  central  authority,  to  be  formed  by  enlarging  and  strengthening 
the  present  Charity  Commission,  and  by  giving  to  it  a  more  distinctly  educational 
character.  Another  of  the  Commissioners'  recommendations  was,  that  there 
should  be  a  Council  composed  of  representatives  of  the  Universities,  which  should 
be  empowered  to  examine  and  to  certify  teachers  of  all  grades,  and  to  give  unity 
and  system  to  other  general  examinations,  whether  obligatory  on  the  endowed 
schools,  or  voluntary  in  relation  to  private  schools.  By  this  and  other  means,  which 
were  described  in  detail,  it  would  be  possible  to  introduce  order  and  organization  into 
the  chaos  of  our  secondary  instruction,  and  possibly  at  some  future  time  to  absorb  the 
present  machinery  of  the  Privy  Council  Office,  and  thus  to  give  unity  to  the  educa- 
tion of  the  whole  country.  Measures  like  this  would,  when  the  time  came  for  dis- 
cussing them  in  Parliament,  encounter  much  opposition,  partly  from  self-interest,  and 
partly  from  a  traditional  tenderness  towards  the  wishes  of  testators,  which  had 
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become  a  sort  of  social  superstition  in  England ;  but  when  that  time  came,  it  was 
hoped  that  the  members  of  the  British  Association  would  be  prepared  to  give 
their  support  to  the  recommendations  of  the  Commission. 


Inventors  and  Inventions.    By  G.  Bell  Galloway. 


The  Condition  of  the  Agricultural  Labourer,  specially  in  the  West  of  England* 
By  the  Kev.  Edward  Gibdlestone,  M.A.,  Canon  of  Bristol. 

The  progress  of  manufacture  so  far  from  lessening  has  rather  increased  the  value 
of  land.    Fortunes  made  in  manufacture  are  generally  invested  in  land.    Skill 
acquired  in  manufacture  is  applied  to  land.    Great  Britain  retains  and  is  likely 
always  to  retain  its  character  as  an  agricultural  country.    Landowners  occupy  the 
highest  positions  and  enjoy  the  greatest  social  previleges.    Public  opinion,  the 
reform  of  universities  and  public  schools,  the  facility  for  foreign  travel,  and  the 
admixture  of  the  manufacturing  classes  with  the  old  landed  proprietors  have  much 
raised  the  character  and  improved  the  tone  of  these  last.    Still,  especially  in  the 
West  of  England,  there  are  many  persons  remaining  who  resist  aUprogress.    The 
race  of  farmers  is  also  much  improved,  but  not  so  much  in  the  West  of  England 
as  elsewhere.    The  land  is  also  much  improved ;  a  larger  acreage  is  brought  into 
cultivation,  and  each  acre  is  made  to  yield  more.    In  this  respect,  also,  in  the 
West  of  England  there  is  less  improvement  than  elsewhere.    Nowhere  has  the 
improvement  of  the  agricultural  labourer  kept  pace  with  that  of  the  landowner, 
the  farmer,  and  the  land  itself.    In  the  West  of  England  the  condition  of  the 
labourer  is  very  little  improved,  and  in  some  respects  is  worse  than  it  used  to  be  j 
wages  are  low,  fuel  ana  provisions  dearer.    Education  has  become  a  necessary 
of  life  for  a  family.    The  poor-rate  is  so  administered  as  to  quench  every  feeling 
of  independence.    In  the  West  of  England  an  agricultural  labourer  had,  till  lately, 
only  7s.  or  8*.  a  week,  and  now  only  8s,  or  9*.     Unless  he  is  a  horsekeeper  or  a 
shepherd,  he  has  to  pay  out  of  this  from  1*.  to  Is.  6d.f  or  more,  a  week,  for  house- 
rent,  and  to  provide  food,  clothing,  medical  attendance,  fuel,  and  every  other 
necessary  for  himself,    wife,  and  family.     Potatoe  ground  he  pays  a  high  rent 
for ;  ana  fuel  he  seldom  gets  except  at  a  cost  of  as  many  hours  of  hard  work  in 
getting  it  as  are    its  full  value.    He  has  three  pints  or  two  quarts  of  cider  a 
day,  and  has  a  portion  of  his  wages  often  paid  in  grist,  which  when  corn  is  dear  is 
an  advantage,  but  otherwise  a  loss  to  him.    He  is  often  not  allowed  to  keep  a  pig 
or  poultry  for  fear  of  stealing  food  for  them  from  his  master.    He  works,  nomi- 
nally, ten  or  ten  and  a  half  hours  a  day,  with  an  hour  and  a  half  deducted  for 
meals.    He  is  almost  always,  however,  in  reality  kept  a  much  longer  time  than  this, 
and  is  seldom  paid  anything  for  overtime,  except  by  bread  and  cheese  in  harvest 
time.    Women  get  7a.  or  8d.  a  day  for  outdoor  work,  with  a  quart  of  cider, 
and  boys  smaller  sums  in  proportion.    The  men  breakfast  before  they  leave  home 
on  teakettle  broth,  which  consists  of  an  infusion  of  bread  and  water  with  a 
little  milk,  when  it  can  be  got.    For  luncheon  or  dinner,  which  they  take  with 
them,  they  have  coarse  bread  and  a  little  hard,  dry,  skim-milk  cheese  at  3d.  per 
lb.     For  supper,  on  their  return  home,  they  have  potatoes  or  cabbage,  with  a 
very  small  slice  of  bacon  sometimes  to  give  a  flavour.      Butchers'  meat  they 
seldom  get  except  it  is  given  to  them.    They  are  unable  to  lay  by  anything ;  and 
few  comparatively  belong  to  benefit  societies.    They  are  long-lived,  but  even  in 
their  prime  feeble,  and  at  the  age  of  fifty  often  crippled  with  rheumatism,  the  re- 
sult of  poor  living,  sour  cider,  a  damp  climate,  hard  work,  and  anxiety  combined. 
There  remains  nothing  for  them  then  but  parish  pay  and  the  Union.     There 
are  many  exceptions  to  this  general  rule,  often  even  in  contiguous  parishes,  owing 
to  the  presence  of  an  intelligent  resident  land-owner,  or  the  immediate  neighbour- 
hood oi  a  large  town,  mines,  or  manufactures.   In  other  parts  of  England  the  rates  of 
wages  differ  much.    The  wages  of  the  agricultural  labourer  are  always  higher  in 
the  neighbourhood  of  towns,  mines,  and  manufactures.    More  than  100  labourers 
have  been  sent  from  the  parish  of  Ilalberton  and  other  parts  of  North  Devon  into 
Bedfordshire,  Cheshire,  Derbyshire,  Durham,  Glamorganshire,  Hampshire,  Hert- 
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fordshire,  Kent,  Lancashire,  Shropshire,  Surrey,  Yorkshire,  more  than  half  feeisc 
married  men  with  families,  at  wages  varying  from  12*.  a  week,  the  lowest,  witi 
house  and  garden  rent  free,  to  20*.  a  week,  with  house  and  garden  rent  free.  Ii 
all  cases  the  house  and  garden  were  rent  free,  and  in  some  cases  there  has  been 
fuel  and  potatoe  ground,  one  or  more,  given  in  addition.  The  single  men  who 
have  been  sent  away  are  getting  from  6*.  to  8*.  a  week,  with  board,  lodging,  and 
washing. 

From  the  above  statement  it  is  clear  that  the  condition  of  the  agricultural 
labourer  is  in  different  parts  of  the  country  very  different.    But  notwithstanding 
statistics,  which  in  this,  as  in  the  case  of  education,  are  very  deceptive,  and  general 
{statements  made  by  persons  of  no  experience,  the  fact  that  in  agricultural  districts 
the  poor-rate  is  very  high,  that  there  are  more  marks  than  signatures  in  the 
marriage  registers,  that  recruits  from  the  same  district  are  seldom  able  to  read  or 
write,  that  our  prisons  are  filled  from  the  same  districts,  and  the  general  ©anvio- 
tion  that  agricultural  labourers  are  wholly  unfit  to  be  trusted  with  the  franchise, 
are  real  and  reliable  evidences  of  the  low  condition  of  this  class  of  men.     Hist 
which  is  really  required  for  the  agricultural  labourer  is,  in  one  word,  independence ; 
at  present  he  is  the  most  dependent  of  any  class  of  labourers.    To  effect  this  a — 
First,  good  wages  in  proportion  to  quantity  and  quality  of  work,  but  always,  in  the 
case  of  an  able-bodied  and  industrious  man,  enough  to  keep  him  and  his  family, 
with  a  margin  for  insurance  against  old  age  and  sickness,  are  required.    Seoomdfy, 
also  weU-drained  and  ventilated  houses,  with  at  least  three  bed-rooms,  and  all 
other  appliances  for  decency,  with  a  provision  also  against  taking  in  lodgers,  sneh 
houses  to  be  in  the  control  of  the  landowner  rather  than  of  the  fanner.     Thirdly. 
Greater  facilities  for  education.    Even  a  penny  a  week  for  each  child  in  a  large 
family  is  a  heavy  tax  on  a  very  small   income.     The  temptations  held   out 
by  the  farmers  of  a  few  pence  for  boys  to  keep  birds  and  do  other  child's  work 
is  too  great  for  the  poor  labourer  to  resist.    No  child  should  be  allowed  to  work 
till  he  can  read  and  write  well,  and  has  a  fair  knowledge  of  the  first  rules  of 
arithmetic.    Ihurthly.  All  mops  and  hiring  fairs  should  be  abolished,  and  a  good 
system  of  registration  be  generally  adopted  and  made  known  through  the  instru- 
mentality of  the  penny  papers  throughout  the  country.    Fifthly,  Agricultural 
Labourers'  Unions,  of  a  strictly  protective  character?  and  well  guarded  against  in- 
timidation to  either  employers  or  fellow  workmen,  miffht  be  formed  with  advantage. 
The  whole  system  of  unions  is  not  to  be  condemned  because  of  the  outrages  com- 
mitted by  a  few.    All  professions,  all  trades,  even  landowners  and  farmers,  is 
their  Chambers  of  Agriculture,  have  their  unions.    Why  are  agricultural  labourem 
alone  to  be  left  to  struggle  hopelessly,  because  singly,  while  all  others  are  com- 
bined P    Sixthly.  There  should  be  legislation  in  favour  of  the  agricultural  labourers, 
specially  as  regards  education,  and  the  administration  of  the  Poor  Law  by  a  cen- 
tral board  of  disinterested  oflicers  instead  of  a  local  board  of  landowners  and 
farmers.    Legislation,   so  far,  has  done  less  for  this  than  for  any  other  class. 
Landowners  and  farmers  have  a  special  pecuniary  interest  in  the  improvement 
of  the  agricultural  labourer.    The  clergy  nave  a  spiritual  interest    All  bread* 
winners  ought  to  help  him  to  raise  himself  to  the  same  independence  to  which  all 
except  he  has  attained.      All  that  can  be  done  by  an  individual  is  to  cooperate 
with  any  persons  who  are  willing  to  take  this  good  work  in  hand ;  or,  failing  the 
attempt  thus  to  carry  the  work  out  on  a  large  scale,  one  must  content  himself  with 
carrying  it  on  in  a  small  way  in  his  immediate  neighbourhood. 

On  the  Drainage  of  the  Fens  of  Cambridgeshire,  Huntingdonshire,  Norfolk^ 
and  Suffolk.     By  W.  D.  Harding,  C.E.  (King's  Lynn). 

That  part  of  the  great  level  of  the  fens  called  the  Bedford  level,  extending  into 
the  counties  of  Cambridge,  Norfolk,  Suffolk,  and  Huntingdon,  comprising  about 
800,000  acres,  was  first  attempted  to  be  drained  in  the  early  part  of  the  seventeenth 
century,  and  has  been  gradually  improved  from  that  period  up  to  the  present  time. 
The  early  adventurers,  aided  by  the  Duke  of  Bedford,  made  upwards  or  100  miles  of 
new  rivers,  to  convey  the  drainage  waters  to  their  outfall. 
^  In  the  early  part  of  the  eighteenth  century  the  fen-men,  in  consequence  of  the 
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bad  state  of  the  new  rivere,  were  compelled  to  erect  a  great  number  of  windmills 
for  their  drainage,  and  continued  to  use  them  till  the  early  part  of  the  nineteenth 
century,  when  very  powerfhl  steam-engines  driving  large  scoop  wheels  were  sub- 
stituted for  the  wmdmills ;  and  at  the  present  time  all  the  low  lands  are  drained 
artificially  by  these  engines^  which  amount  to  about  1000  horse-power. 

In  the  year  1821  a  very  important  work  was  carried  out  for  the  improvement 
of  the  outfall  by  making  a  new  cut  above  the  town  of  Lynn,  called  the  Eau  Brink 
Cut,  which  is  8  miles  long,  and  which  lowered  the  water  in  the  upper  river  in  flood 
time  10  feet ;  this  work  cost  about  £100,000. 

The  next  work  of  importance  was  the  New  Middle  Drain,  which  was  completed 
in  the  year  1848,  which  was  11  miles  long,  and  which  commenced  at  Unwell  and 
extended  to  Saint  Germans,  and  was  dicharged  at  the  upper  end  of  the  Eau  Brink 
Cut.  This  drain,  with  the  outfall  sluice,  and  making  the  internal  riven  of  the 
middle  level  correspond  with  the  new  drain,  cost  upwards  of  £400,000,  which  was 
apportioned  upon  the  110,000  acres  of  the  middle  level. 

In  the  year  1862,  the  outfall  sluice  of  this  drain  gave  way,  and  allowed  the  tide 
to  flow  up,  and  ruptured  one  of  the  banks,  and  inunaated  about  6,000  acres  of  land : 
since  that  period  the  middle  level  has  been  drained  by  sixteen  syphons,  8  feet  6 
inches  diameter  and  20  feet  high,  which  are  worked  by  a  ten  horse-power  engine, 
exhausting  the  air  from  the  inside  by  means  of  an  air-pump,  and  up  to  the  present 
time  they  have  drained  this  large  tract  of  land. 

In  the  year  1852,  a  further  improvement  to  the  outfall  was  made  by  the  making 
of  the  Norfolk-estuary  cut,  3  miles  long,  below  Lvnn,  which  cost  about  £250,000, 
and  which  again  lowered  the  water  at  low  water  from  8  to  4  feet. 

Notwithstanding  these  great  improvemonts,  and  these  large  sums  of  money 
which  have  been  laid  out,  the  greater  part  of  the  fen-country  is  drained  by  artificial 
means,  and  will  continue  so  till  some  further  great  works  are  carried  out  for  the 
improvement  of  the  same. 


Sanitary  state  of  Indiana  in  the  Settlement  of  Kanyeageh,  Canada,  1868. 
By  Jams  Hbywood,  M.A.$  F.R.S. 

A  considerable  number  of  Indians  are  scattered  as  farmers  and  farm-labourers  in 
the  Indian  reserve  of  Tuscarora,  near  Brantford,  in  Canada.  The  New-England 
Company  have  several  missions  for  the  Indians  of  that  reserve,  and  a  new  church 
has  been  recently  erected  at  Kanyeageh,  in  the  north-west  portion  of  the  district, 
which  on  Sunday  contains  about  300  Indians,  the  half  of  whom  are  males  and  the 
other  half  females.  The  Rev.  R.  J.  Roberts,  Church  of  England  missionary  at  this 
station,  has  collected  the  following  details  respecting  the  health  of  the  Indiana  in 
his  neighbourhood  who  are  connected  with  the  Church  of  England* 

Ague  is  the  most  common  disorder  in  the  Indian  reserve,  and  this  malady  is  at* 
tributable  to  the  numerous  swamps  in  the  forest  The  Indians  of  that  locality 
may  be  regarded  as  perhaps  somewhat  more  liable  to  consumption  than  the 
whites. 

During  the  half-year  from  the  1st  January  to  the  30th  June,  1868,  there  were 
seventeen  interments  of  Indians,  either  in  Kanyeageh  Churchyard  or  in  some  other 
burial-grounds  within  four  miles  of  that  station  j  and  the  diseases  in  these  cases, 
where  known,  are  thus  enumerated  :— 

Males. 

No.  Aged.  Cause  of  death. 

1     8  years     Not  known. 

~  ~ "  Inflammation. 

Diphtheria. 

Inflammation, 

Consumption. 

Consumption. 

Consumption. 

Softening  of  the  brain. 


2     .... 

....     11 

3     .... 

....     17 

4     .... 

....     18 

5     .... 

....     25 

6     .... 

....     26 

7     .... 

....     27 

8     ,... 

....     72 
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Females. 

9     4  months Ulcere. 

10     1  year      Not  known. 

11     1     „         Scrofula. 

12     7  years     Cold. 

13  33  „  Consumption, 

14  41  „  Abscess. 

15  52  „  Consumption. 

16  56  „  Consumption. 

17  83  „  Gradual  decay. 

Within  a  recent  period  the  New-England  Company  have  commenced  the  drain- 
age of  swamps  in  the  immediate  vicinity  of  Kanyeageh,  but  more  comfortable  and 
better  ventilated  dwellings  are  required  for  the  Indians.  The  food  taken  by  the 
Indians  is  often  insufficient  and  unwholesome,  and  their  clothing  does  not  serve  to 
keep  out  the  cold  of  a  Canadian  winter. 

A  wooden  building  is  in  course  of  erection  near  the  church  for  a  school-noose. 
The  hours  of  school  are  to  be  from  9  a.m.  to  4  p.m.,  with  an  hour  of  intermission 
from  12  to  1  o'clock.  The  Indians  of  this  station  have  given  up  wandering,  and 
are  now  settled  down  as  farmers,  having  no  inducement  for  leaving  the  reserve. 
Their  employments  consist  in  farming,  and  the  manufacture  of  axe-handles,  sledges, 
stable-brooms,  and  whip-stocks.  The  women  make  baskets,  straw  hats,  and  bead- 
work. 

The  consumption  of  spirits  by  the  Indians  of  the  reserve  is  much  less  than  it  was 
formerly.  One  of  the  Government  medical  officers  of  the  Indian  reserve  has  in- 
formed the  Rev.  R.  J.  Roberts  that  "  the  consumption  of  spirits  by  white  people  is 
much  greater  than  by  the  Indians  of  this  settlement/'  Among  the  Indians  there 
are  several  temperance  societies. 

A  Brief  Statement  of  the  Recent  Progress  and  Present  Aspect  of  Statistical 
Inquiry  in  relation  to  Shipping  Casualties.  By  Henry  Jetjla,  F.R.O.S^ 
F.S.S.,  Hon.  Sec.  to  Statistical  Committee  at  Lloyds9. 


On  the  Arterial  Drainage  of  Norfolk.    By  Sir  Willoughby  Jokes,  Bart. 

The  subject  of  the  arterial  drainage  as  distinguished  from  the  fen-drainage  of 
Norfolk  may  be  defined  to  be  a  description  of  the  watercourses  that  find  their  own 
way  into  the  sea,  instead  of  having  their  contents  pumped  into  it  by  steam  or  other 
power. 

The  rainfall  of  Norfolk  has  been  variously  stated  at  from  24  to  26  inches ;  it  is 
much  to  be  desired  that  the  rainfall  not  only  of  Norfolk  but  of  England  generally 
was  more  accurately  determined,  and  that  a  more  regular,  uniform,  and  accurate 
system  of  registering  the  rainfall  was  generally  adopted.  By  making  use  of  the 
union  houses  and  prisons  as  rain-gauge  stations,  the  gauge  being  uniform  in  make 
and  in  height  above  the  soil,  and  the  results  uniformly  registered  by  the  governor 
or  some  member  of  the  resident  staff,  this  might  easily  be  accomplished. 
.  The  evils  of  water-mills  in  a  flat  country  are  strongly  evidenced  by  the  condition 
of  the  Norfolk  valleys.  Everywhere  the  streams  have  been  treated  as  means  of 
obtaining  power  to  grind  corn  and  not  as  drains  or  watercourses.  The  result  is 
that  every  foot  of  fall  is  utilized,  and  the  streams  are  still  water  between  mill  and 
mill.  Often  the  bed  of  the  river  is  raised  some  feet  above  the  land  on  either  side, 
the  result  being  that  much  valuable  land  is  destroyed  for  want  of  drainage,  and  the 
villages  and  towns  in  the  valleys  are  very  unhealthy  from  fevers  and  other  forms 
of  malaria.  The  Anacharis  alsinastrum  is  another  cause  of  obstruction,  the  riven 
in  many  places  being  almost  choked  by  it ;  and  it  being  nobody's  duty  to  keep  them 
clear,  this  evil  keeps  increasing. 

The  river  system  of  Norfolfi  itself  is  very  peculiar.  The  country  is  in  fact  an 
island,  no  stream  flowing  into  it  from  any  other  county,  and  no  stream  flowing  out 
of  it.    The  sea,  the  fens,  the  Little  Ouse,  and  the  Waveney  entirely  surround  it,  the 
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two  last  rivers  rising  one  on  each  side  of  the  high  road  at  Lopham.  There  is  a 
system  of  small  streams  that  flow  into  the  sea  on  the  north,  a  similar  system  flows 
into  the  fens  on  the  west,  and  all  the  rest  of  the  drainage  of  Norfolk,  including 
about  two-thirds  of  the  county,  flows  into  the  sea  under  Yarmouth  bridge. 

The  navigation  for  twenty  miles  from  Yarmouth  to  Norwich  is  fairly  kept  up  j 
but  generally  the  drainage  system  is  in  a  deplorable  state,  as  might  be  expected  in 
a  very  flat  country  where  human  ingenuity  seems  to  have  been  employed  in  ob- 
structing instead  of  helping  off  the  water. 

The  Waveney-valley  improvement  act  offers  some  gleam  of  hope  for  the  future ; 
but  the  powers  of  the  act  are  insufficient,  greater  care  having  been  taken  to  conci- 
liate the  owners  of  water-rights  than  to  provide  for  the  escape  of  water  in  a  river 
the  fall  of  which  is  not  more  than  a  foot  to  a  mile,  or  thereabouts. 

On  the  Progress  of  Learned  Societies,  illustrative  of  the  Advancement  of  Science 
in  the  United  Kingdom  during  the  last  Thirty  Tears.  By  Prof.  Leone 
Levi,  F.S.A.,  F.S.S. 

The  author  drew  attention  to  the  number  and  description  of  our  learned  societies, 
and  to  their  progress,  as  a  sure  indication  of  the  advance  of  science.  A  scientific 
census  could  not  be  taken  by  the  number  of  their  members,  many  men  of  the 
highest  scientific  attainments  not  belonging  to  them,  many  who  have  several  initial 
letters  attached  to  their  names  being  rather  the  patrons  than  the  cultivators  of 
science,  and  many  belonging  to  several  societies  j  yet  the  author  estimated  that  the 
total  number  of  men  directly  contributing,  by  their  learning  or  their  wealth,  to 
the  promotion  of  science  constitutes  about  15  in  every  10,000  of  the  population. 
Taking,  moreover,  the  total  income  of  such  societies  as  a  basis,  it  appears  that  the 
resources  of  science  amounted  to  £4  to  every  £10,000  of  the  national  income  charged 
to  dncome  tax,  such  facts  contrasting  most  favourably  with  the  time  when  Mr.  Bab- 
bage  wrote  his  '  Reflections  on  the  Decline  of  Science  in  England/  and  when  the 
British  Association  was  first  formed,  in  the  year  1830.  Having  dwelt  at  length  on 
the  circumstances  attending  almost  every  scientific  society  in  the  United  Kingdom, 
from  the  returns  made  by  the  societies  themselves  in  answer  to  a  circular  he  issued, 
the  Professor  concluded  his  observations  with  the  following  statement : — 1.  That 
during  the  last  thirty  years  there  has  been  a  large  increase  in  the  number  and 
membership  of  learned  societies  in  the  United  Kingdom,  a  fact  indicative  of  a 
decided  advancement  of  science.  2.  That,  classified  into  distinct  groups,  the  mem- 
bership of  learned  societies  has  advanced  in  the  following  ratio : — 

Number,  Membership,  and  Income  of  Learned  Societies. 
Royal  Societies. 


Date  of 
founda- 
tion. 

Date. 

No.  of 
mem- 
bers. 

Date. 

No.  of 
mem- 
bers. 

Per« 
Increase. 

mt  of 
Decrease. 

Income 
per  last 
Report. 

1662 
1783 
1750 

Royal  Society 

1835 
1831 
1838 

793 
358 
345 

1867 

651 
35o 
358 

3 

18 

2 

£ 
3983 

1210 

Royal  Society  of  Edinburgh 
Royal  Irish  Academy    

3 

3 

1496 

3 

'359 

9 

5193 

Mathematical  and  Physical  Science. 


1834 
1865 

1820 
1841 


Statistical  Society  

London  Mathematical    So- 
ciety  

Royal  Astronomical  Society. 
Chemical  Society  


1838 


1836 


402      1867 
324 


371 

in 
5*8 

192 


62 


779 


1179 
1086 
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Mathematical  and  Physical  Science  (contmuett). 


Date  of 
founda- 
tion. 


Date. 


[No.  of 
mem- 
bers. 


Date. 


No.  of 
mem- 
bers. 


Te*  cent,  of 


,** 


1850 

1823 
1859 


British  Meteorological  So- 
ciety  , 

Geological  Society  of  London 

Geologist*'  Association 

Meteorological  Society  of 
Scotland 

Manchester  Statistical  So- 
ciety.,,M., ,,..<,..., ,.,,.,. 


1834 


641 


306 
1100 

ajo 

510 
1 6a 


71 


1367 


3520 


186 


Biology  and  Natural  History. 


1840 
1863 
1788 
1833 
1804 
1826 
1836 

\%l 

1851 


1853 


13 


Ethnological  Society 

Anthropological  Society 

Linnean  Society 

Entomological  Society  ... 

Royal  Horticultural  society 

Royal  Zoological  Society  . . 

Royal  Botanic  Society  

Royal  Agricultural  Society 

Edinburgh  Botanical  So- 
ciety  

Glasgow  Natural  Society 

Yorkshire  Agricultural  So- 
ciety  

Ulster  Chemical  Agricultural 
Society 

Wiltshire  Natural  History 
Society**!.. .,.<<„ 


1848 

1831 
1834 

1838 
1840 
1840 


539 
"5 

1700 

3008 

300 

2569 


8231 


1867 


1868 


'3 


219 

1031 

482 

208 

3595 
2923 
2422 
55*5 

368 
120 

500 

mi8 

%n 


17924 


117 


•••••• 

...... 

"to 

9 

HI 

.«*... 

3 

707 

*'5 



Geography  and  Aiehceology. 


1830 

I57» 
1864 

1843 


««45 

1840 
1852 

1834 


Royal  Geographical  

Society  of  Antia  uaries   . .  t 

British  Archaeological  Asso- 
ciation  

Royal  Archaeological  Institu- 
tion of  Great  Britain  and 
Ireland 

Norfolk  and  Norwich  Archae- 
ological Society  

Cambridge  Antiquarian  So- 
ciety....  • 

Worcester  Diocesan  Archi- 
tectural Society  

Somersetshire  Archaeological 
and  Natural  History  So- 
ciety  

Tweedsdale  Physical  and 
Antiquarian  Society  

Lincoln  Diocesan  Architec- 
tural Society  


1831 
1831 


535 
7*« 


1867 


2102 
651 

480 


697 

175 

65 

120 

392 
100 
260 


292 


16 
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it*  of 
tnda- 
ion. 


Date. 


No.  of 
mem- 
bers. 


Date. 


No.  of 
mem- 
bers. 


Per  cent  of 
Increase.  Decrease. 


Income 
per  last 
Report 


Suffolk  Institute  of  Arche- 
ology and  Natural  History 

Buckingham,  Records  of  .,. 

Liverpool  Architectural  and 
Archaeology  Society    , 

Kent    

Cork  Cavierialn  and  Arena* 
ological  Society 

Lancashire  Historic  Society. 

Glasgow  Archaeological  So- 
ciety  

Scotland  Society  of  Anti- 
quaries  


185a 


138 


168 
150 

169 
900 

40 
409 

70 

304 


«554 


18 


735* 


373 


£ 


"5 


9601 


Applied  Sciences. 


Society  for  the  Encourage- 
ment of  Arts,  Manufac- 
tures, and  Commerce... 

Institute  of  Civil  Engineers. 

Institute  of  Engineers,  Scot- 
land  

Society  of  Engineers 

Institute  of  Engineers,  Ire- 
land  

Institute  of  Mechanical  En- 


gineers., , 

Clinical  Society  ....; 

Pharmaceutical  Society . . . , . 

Obstetrical  Society.., 

Royal  United  Service  In- 
stitution   

Royal  Institute  of  British 
Architects 

Pathological  Society  ••«.,•„, 

Institute  of  Actuaries    

Royal  Medical  and  Chirur- 
gical  Society  of  London.,, 


1831 
1834 


1831 
1836 

1833 


1 148 

200 


«437 
138 

«33 


3536       14 


1867 


1865 


3278 
1698 

396 
483 

68 

57* 

200 

2500 

600 

3283 

623 
400 
228 

641 


14970 


185 
749 


128 
35* 


453 


7472 
0762 

"550 
1000 

100 

1926 

4281 

3467 
1513 

1400 


28817 


Miscellaneous  8oieuoea, 


[839 

Royal     Microscopical     So- 

405 
169 

360 

2C2 
320 
164 

20 

•       3 

343 
180 

827 
164 

842 
[823 
[836 

PhUological  Society  

Royal  Asiatic  Society 

1834 
1839 

4 

2 

574 

4 

IO46 

82 

I5H 
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Scientific  and  Philosophical  Institutions. 


Date  of 
founda- 
tion. 

Date. 

No.  of 
mem- 
bers. 

Date. 

No.  of 
mem- 
bers. 

Per  cent,  of          *■*" 
Increase.  Decrease.  £" 

1799 

1805 
1781 

1868 

Royal  Institution  of  Great 
Britain 

1830 
1830 

736 
900 

1867 

889 
904 

164 

1820 

144 

160 

20 

i 

'   & 

1   * 

1 

1  "* 

1    * 

London  Institution    

Manchester    Literary    and 
Philosophical  Society 

Edinburgh  Philosophical  In- 
stitution   

Leamington    Philosophical 
Society 

Leicester  Literary  and  Phi- 
losophical Society  

6 

2 

1636 

6 

4081 

149 

1    lOTll 

1 

Printing  Clubs. 


1858 

1844 
1848 
1853 


Manx  Society 

Ray  Society 

Chatham  Society 
Ossianic  Society.. 


150 
586 
350 
560 


1646 


*5S 

745 


National  Associations. 


1830 

1856 

British  Association  for  the 
Advancement  of  Science ... 

National  Association  for  the 
Promotion  of  Social  Sci- 
ence  •• 

1831 

900 

3629 
1600 

303 

2 

1 

900 

2 

5229 

4*H 

Recapitulation. 


Number 

of  Society 

30  years 

ago. 

Number 

of  Society 

now. 

Sciences. 

Number 

of 
Members 
30  years 

ago. 

Number 

of 

Members 

now. 

Pero 

1      of 
increase. 

-5     |IW 
decrease.,  hi*** 

1 

3 
3 

7 
3 

5 

2 
2 

1 

3 

9 

13 

18 

«4 

4 
6 

4 

2 

Royal  Society 

1496 
1367 
8231 
1554 
3556 
574 

1636 
900 

1359 

3520 

12924 

735» 

14970 

1046 

4081 
1646 
5229 

179 
48 

373 

m 

149 

'^86 

9 



£ 

Mathematical  and  Physical . 
Biology  and  Natural  History 
Geography  and  Archaeology. 
Applied  Sciences    

5»93 

53*° 
545H 

8601 
28S1; 

»5H 

Miscellaneous  Sciences 

Scientific  and  Philosophical 
Institutions 

Printing  Clubs   

•••••        |       JW7*« 

National  Associations    

1        4604 

26 

73 

I93H 

57127 

*">35» 
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3.  That  there  are  at  present  upwards  of  one  hundred  and  twenty  learned  societies 
in  the  United  Kingdom,  having  in  the  aggregate  upwards  of  60,000  members, 
and  deduction  made  for  members  belonging  to  more  than  one  society,  upwards 
of  45,000  persons  engaged  or  directW  concerned  in  the  promotion  of  science,  with 
a  collective  income  of  upwards  of  £  130,000.  4.  That  it  seems  desirable  to  render 
the  published  Transactions  of  such  societies  as  complete  as  possible  by  the  addition 
of  a  summary  of  the  discussions  which  arise  out  of  the  reading  of  scientific  com- 
munications and  papers.  5.  That  considerable  advantage  and  economy  would 
result  by  locating  several  societies  in  the  same  building,  the  members  having 
mutuality  of  privileges,  especially  as  regards  the  use  of  large  rooms  for  meetings 
and  the  common  use  of  the  libraries.  6.  That  the  councils  of  all  the  learned 
societies  should  annually  meet  together  to  consider  the  state  of  science,  and  the 
relation  of  each  to  education  and  legislation.  7.  That  the  relation  of  the  State  to 
the  learned  societies,  money  grants  or  house  accomodation  being  made  to  some 
'while  others  are  entirely  ignored,  does  not  appear  to  proceed  on  any  well-esta- 
blished principle  8.  That  the  institution  of  a  medal  annually  granted  to  dis- 
tinguished merit,  appears,  from  the  experience  of  some  societies,  well  calculated  to 
afford  stimulus  to  the  pursuit  of  science.  9.  And  that  a  united  meeting  of  the 
members  of  all  learned  societies  should  be  held  for  the  presentation  of  such  medals, 
and  for  the  greater  encouragement  to  science,  in  the  "Royal  Albert  Ilall  of  Arts 
and  Science^  now  in  the  course  of  construction,  as  a  memorial  to  that  munificent 
patron  of  science,  who  with  so  much  wisdom  and  dignity  presided  over  one  of  the 
meetings  of  the  British  Association.     [See  Appendix,  p.       .] 


On  the  Present  State  of  the  Question  of  International  Coinage. 
By  Prof.  Leone  Levi,  F.S.A.,  F.SJS. 

Having  shown  the  practical  character  of  the  question  at  issue,  and  the  im- 
portance attached  to  it  by  the  juries  of  international  exhibitions,  the  statistical 
congresses,  the  chambers  of  commerce,  the  Society  of  Arts,  and  other  public  bodies, 
he  examined  the  respective  advantages  of  either  adopting  a  new  unit  altogether 
for  all  nations,  or  one  of  the  existing  units  by  all  of  them,  or  a  correlation  of  all 
the  different  units.  The  first  plan,  of  adopting  five  or  ten  grains  of  gold  as  a  new 
unit,  would  be  impracticable,  Decause  it  would  require  a  general  recoinage  by  all 
nations.  The  second  plan,  that  of  choosing  one  from  the  existing  units,  was 
better ;  and  the  choice  would  depend  on  the  number  of  persons  among  whom  the 
same  unit  is  already  in  circulation,  the  amount  of  trade  which  is  regulated  by  such 
unit,  the  amount  of  coinage  of  the  same  already  issued,  and  the  relative  conve- 
nience of  the  different  systems.  As  regards  the  population,  the  pound  circulates  in 
England  with  30,000,000  of  people ;  the  franc  in  France,  Italy,  Belgium,  Switzer- 
land, which  have  collectively  70,000,000 ;  the  dollar  in  the  United  States,  which 
have  31,000,000  £  the  florin  in  Austria,  which  has  34,00,000  j  the  thaler  in  Ger- 
many and  Prussia,  which  have  54,000,000 ;  and  the  rouble  m  European  Russia, 
having  59.000,000  of  people.  The  franc,  therefore,  prevails  among  the  largest 
number  of  persons.  As  regards  trade,  whilst  the  imports  and  exports  of  England 
in  1865  amount  to  £400,000,000,  those  of  France,  Italy,  Belgium,  and  Switzerland 
in  the  same  year  amounted  to  £480,000,000,  and  those  of  the  United  States  to 
£105,000,000.  England  here  has  the  preeminence,  though  not  so  decided  as  one 
might  imagine.  And  as  regards  the  amount  of  coinage  issued,  whilst  up  to  1850  the 
issue  of  gold  coin  in  England  far  exceeded  that  of  France  and  the  United  States,  it 
has  not  been  so  since  that  time.  From  1793  to  1868  France  issued  £262,500,000 
of  gold  coins ;  the  United  Kingdom,  from  1816  to  1866,  £187,000,000 ;  the  United 
States,  from  1792  to  1849,  £109,000,000.  Since  1850,  France,  £197,000,000 ;  the 
United  Kingdom,  £91,000,000 ;  the  United  States,  £152,006,000.  As  regards  the 
relative  convenience  of  the  different  systems,  it  was  a  fact  that,  whilst  this  country 
has  been  for  years  labouring  to  establish  a  decimal  coinage,  France  and  the  United 
States  long  possessed  it ;  whilst,  moreover,  for  international  purposes,  the  pound 
was  too  large  a  unit.  In  three,  therefore,  out  of  the  four  elements^  France  has 
the  advantage,  and  that  induced  the  Congress  to  take  the  French  coin  as  a  basis. 
But  the  Congress  did  not  recommend  the  franc  as  a  unit  for  all  nations,  nor  did  it 
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recommend  the  pound.  As  a  step  in  advance,  it  recommended  a  mode  of  har- 
monizing the  different  systems  in  existence,  according  to  which  we  should  alter 
the  pound  to  25  francs  exactly,  instead  of  25  francs,  20  cents.,  as  it  is  now  intrin- 
sically worth.  Can  this  be  done?  Should  #  this  compromise  he  accepted,  th* 
evil  was,  that  it  would  cause  a  great  change  in  all  the  monetary  systems.  It 
would  require  us  to  lower,  though  in  an  infinitesimal  manner,  the  gold  standard* 
and  yet  leave  all  the  existing  units  in  existence.  The  accounts  would  still  be 
kept  in  different  ways,  the  divisional  coins  would  in  nowise  agree,  and  we  ahould 
not  get  a  good  decimal  coinage.  The  author  thought^  that  die  10-franc  piece  in  gold, 
of  the  value  of  100  new  pence  (slightly  diminished  in  their  present  relative  value), 
with  the  unit  of  100  francs,  or  £4,  for  larger  financial  operations!  was  the  best 
unit  offered  for  all  nations.  Such  a  unit,  divided  into  ten  silver  pieces  of  10i 
each,  would  give  also  an  excellent  decimal  coinage,  producing  immense  facilities  in 
education  and  great  ease  in  calculations.  And  in  that  way  we  should  have  one  unit 
identically  alike  everywhere,  instead  of  the  100  units  now  in  existence,  and  the 
identity  would  be  obtained,  not  only  in  the  gold  unit,  but  in  its  subordinate  coins 
of  silver  and  copper.  Allowing  that  the  International  Monetary  Congress  had 
immensely  advanced  the  question,  he  trusted  that  the  Report  of  the  Royal  Com- 
missioners would  recommend  the  holding  of  another  conference  for  the  purpose  of 
considering  the  possibility  of  agreeing  in  one  common  system  of  coinage,  inatead 
of  the  proposed  adaptation  of  many  systems. 

Some  Statistics  relating  to  the  Civil  Service.     Sy  Hobace  Majw. 

The  object  of  the  paper  was  to  supply  a  few  facts  and  figures,  so  that  outsiders 
might  obtain  a  notion  of  the  Civil  Service.  This  was  done  under  the  heads  of 
the  numerical  force  of  the  service,  the  number  of  its  departments,  its  nomencla- 
ture, remunerations,  competitive  examination^  schemes  of  examination,  and  limits 
of  age.  The  paper  concluded  by  the  expression  of  the  belief  that  it  had  made 
contusion  conspicuous,  and  had  indicated  a  picture  of  disorder,  the  natural  result 
of  a  disintegrated  service.  The  paper  would  fail  of  its  design  if  it  did  not  leave 
on  the  mind  an  impression,  however  faint,  of  the  Civil  Service  as  a  chaotic  mass 
of  unorganized  elements—an  aggregate  of  separate  departments,  governed  in  many 
points  by  no  common  principles — with  different  kinds  of  work  for  the  same  kind  of 
officer,  and  with  varying  nomenclature,  varying  remuneration,  varying  standards  of 
examination,  and  varying  practice  as  to  the  mode  of  appointment,  all  these  varia- 
tions being  out  of  all  proportion  with  the  real  variations  existing  in  the  subject- 
matter  dealt  with,  what  would  be  the  appropriate  remedy  for  some,  at  leabt, 
of  the  evils  of  this  state  of  things  was  a  question  which  must  be  reserved  for 
another  opportunity. 

On  the  Influence  of  Occupation  upon  Health. 
By  Fkakcis  G.  r.  Neison,  Jim.,  A.I.A. 

This  paper  was  a  brief  summary  of  the  results  of  the  author's  labours  in  eon* 
nexion  with  tho  influence  of  various  occupations  upon  health,  as  demonstrated  by 
the  following  eight  different  combinations  of  occupations,  exhibiting  (1)  the  in- 
fluence of  factory  occupations  upon  the  health  of  those  engaged  in  them ;  (2)  the 
remarkable  superiority  in  health  of  those  engaged  in  domestic  service  over  those 
in  the  same  occupations  not  so  situated ;  (3)  the  influence  of  underground  occu- 
pations upon  health ;  (4)  the  mortality  among  the  professions ;  (6)  the  high 
mortality  of  those  trades  connected  with  animal  food)  (6)  the  mortality  of 
occupations  in  connexion  with  railways ;  (7)  the  remarkable  coincidence  in  the 
mortality  of  those  working  or  engaged  in  communication  with  the  different  metals 
of  iron,  tin,  lead,  and  copper,  no  matter  how  different,  in  other  respects,  the  oc- 
cupations might  be,  as  iron-miners  and  ironmongers,  for  instance,  and  therefore 
the  apparent  influence  that  these  metals  have  upon  those  connected  with  them ; 
(8)  and,  lastly,  the  influence  of  drinks  and  stimulants  upon  health.  Besides 
these  combinations  of  occupation,  many  of  the  trades  composing  them  were  re- 
viewed separately. 
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The  special  combination  considered  in  the  paper,  however,  was  the  third,  as 
showing  the  low  rate  of  mortality  among  iron-  and  coal-miners,  in  comparison 
with  the  same  of  tin,  lead,  and  copper.  This  was  accounted  for  principally  by 
the  very  inferior  ventilation  in  the  latter  three  classes  of  mines,  the  temperature  in 
one  copper-mine  mentioned  being  as  high  as  125°  F.  (61°-6  C),  whilst,  at  the  same 
time,  this  great  heat  engendered  the  absorption  of  deleterious  matter  into  the 
system,  as  regarded  lead-  and  copper-miners,  and  without  doubt  greatly  increases 
the  noxious  effects  of  their  occupation.  A  table  was  also  given  showing  the 
mortality  of  the  different  classes  of  miners  for  the  forty  years  %of  life  intervening 
between  twenty-five  and  sixty-five  years  of  age,  from  which  it  appeared  that, 
whilst  the  same  among  iron-  and  coal-miners  was  at  the  rate  of  13  and  14  deaths 
per  1000  living,  among  lead-  and  copper-miners  it  was  as  high  as  30  and  24 
per  1000. 

Of  occupations  in  general,  all  those  connected  with  agriculture  were  shown  to 
be  by  far  the  healthiest,  these  occupations,  being  those  of  labourers  in  rural 
districts,  husbandmen,  gardeners,  and  farmers;  and  their  position  as  regarded 
health  was  in  the  order  they  are  respectively  placed.  Sawyers,  millers,  shoe- 
makers, weavers,  labourers  in  towns  and  cities,  and  bricklayers  were,  in  the  order 
given,  above  the  average  in  health,  whilst  shipwrights,  servants,  blacksmiths, 
carpenters  and  joiners,  and  whitesmiths  were  in  the  same  degree  below  it 
Butchers,  and  others  engaged  in  connexion  with  animal  food,  such  as  fishmongers, 
poulterers,  and  provision-curers,  were  given  as  experiencing  a  very  high  mortality, 
influenced,  most  probably,  by  the  inhalation  of  an  air  always  more  or  less  im- 
pregnated with  animal  matter,  whilst  at  the  same  time  the  partaking"  of  an  undue 
amount  of  animal  food  would,  no  doubt,  have  a  very  deleterious  eftect  Chronic 
bronchitis,  engendered  by  the  large  quantities  of  dust  always  pervading  the  occu- 
pation of  stonemasons  and  those  engaged  in  the  earthenware  manufacture,  renders 
their  calling  very  unhealthy,  so  that  the  mortality  in  these  classes  is  high.  In  the 
factory  occupations,  independently  of  the  diseases  produced  by  special  branches, 
the  influence  of  bad  ventilation  is  more  or  less  prominent  throughout.  In  no 
other  class  of  persons,  however,  was  the  mortality  shown  to  be  so  high  as  among 
those  connected  with  drinks  and  stimulants,  which  class,  it  mav  be  specified, 
comprised  beersellers,  wine  and  spirit  merchants,  publicans  and  licensed  vic- 
tuallers, and  inn-keepers  and  hotel-keepers.  In  these  occupations  the  effect  was 
most  marked  at  the  younger  ages,  namely,  twenty-five  to  forty -five ;  for  in 
these  only  does  the  mortality  at  this  period  of  life  attain  as  high  a  rate  as  17  per 
1000  living;  as,  notwithstanding  all  the  unhealthy  and  injurious  influences  to 
which  those  engaged  in  mining,  the  earthenware  manu&cture,  and  several  of  the 
most  obnoxious  factory  occupations  are  exposed,  in  none  is  the  mortality  for  this 
period  of  life  above  14  per  1000,  whereas  in  England  and  Wales  generally  it 
would  be  but  10  per  1000,  and  among  labourers  in  rural  districts  and  gardeners  as 
low  as  at  the  rate  of  6  per  1000  living. 

In  conclusion  it  was  stated,  as  affording  perhaps  the  best  exemplification  of  the 
great  influence  of  occupation  upon  health,  that,  if  the  mortality  for  the  period  of 
fife  under  observation,  namely,  twenty-five  to  sixty-five,  was  compared  with  those 
two  of  tha  standard  tables  at  present  in  use  which  may  be  supposed  to  represent 
the  two  extremes  of  longevity,  the  mortality  would  bo  confined  between  tne  two 
rates  of  18  and  16*7  per  1000  living;  yet,  great  as  is  the  effect  of  occupation,  the 
mortality  in  one  class  is  over  188  per  cent,  more  than  that  in  another. 


On  the  relation  between  Learning  and  Teaching.     By  Joseph  Payne. 


On  the  Extension  of  the  Contagious  Diseases  Act. 
By  Hknbt  J.  Ker  Poeteb,  Esq.,  M.R.LA. 
The  author's  object  was  to  prove  the  value  of  the  Institution,  and  to  bring 
before  those  who  may  hear  or  read  this  paper  the  importance  of  establishing  Lock 
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hospitals  where  they  do  not  exist  at  present,  and  of  promoting,  as  far  as  possible, 
the  extension  of  the  Contagious  Diseases  Act  for  the  Denefit  of  the  civil  populatke 
in  all  large  towns,  its  benefit  having  been  fully  proved  by  its  operation  in  N&ni 
and  Military  Stations. 

Connected  with  the  Female  Hospital,  an  Asylum  has  been  in  existence  for  tk 
last  eighty  years,  affording  to  those  desirous  of  its  advantages  a  home  for  the 
present,  ana  a  prospect  of  useful  and  respectable  employment  for  the  future. 

An  extension  of  the  female  hospital  took  place  in  connexion  with  GoTernmest 
on  the  passing  of  the  Contagious  Diseases  Act,  and  at  present  one  hundred  tad 
twenty  beds  are  at  the  disposal  of  the  War  Office,  whicn  defrays  the  expenses  of 
the  Government  wards,  the  patients  being  sent  from  naval  and  military  stations. 

It  has  been  officially  stated  that,  since  the  operation  of  the  Contagious  Disease* 
Act,  disease  amongst  the  naval  and  military  population  has  been  reduced  50 
per  cent. 

There  are  thirty  beds  in  constant  occupation  at  the  Female  Lock  Hospital  for 
ordinary  patients. 

At  the  Male  Hospital,  Dean  Street,  there  are  only  fifteen  beds  for  ordinary  male 
patients ;  but  it  is  hoped  that  the  number  may  be  mcreased  to  thirty,  as  there  are 
many  cases  requiring  constant  care  and  treatment. 

Statistics  of  the  Lock  Hospital. 


Female  Branch,  Weetbourne,  Harrow  Road. 

Govern- 
ment 
Patients. 

Ordinary 
Patients. 

TotaL 

Number  of  Patients  admitted  in  six  months 
ending  31st  December  1867 

498 
549 

88 
102 

586 
651 

Number  of  Patients  admitted  in  six  months 
ending  20th  June  1868   

Total  in  twelve  months 

1047 

190 

1237 

Of  the  above  numbers  received  within 
twelve  months, 

Those  returned  to  their  friends  amounted  to .. 
Those  who  entered  the  Asylum 

7 

15 

5 

z 

94 

5 
*3 
11 

2 

28 

12 

38 
16 

3 

122 

Those  who  went  to  other  reformatories. 

Those  who  died    "..... 

Number  remaining  in  the  Female  Hospital 
on  30th  June  1868  

Male  Branch,  Dean  Street,  Soho. 

Male 
Out-patients. 

Female 
Out-patients- 

New 
cases. 

No.  of 
attend- 
ances. 

New 
Oases. 

No.  of 
attend- 
ances. 

1867. 
Six  wjoTiths  ending  3tst  Pee.  .,,.,,  t  .* 

2036 

1 1 764 

312 

1875 

1868. 
Six  months  ending  30th  June 

2397 

1 1488 

375 

2383 

4433 

23252 

687 

4258 
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Male  Patients. 

Female  Patients. 

New 

Attend- 

New 

Attend- 

eases. 

ances. 

Cases. 

ances. 

1862 

1 174 

5503 

227 

1178 

1863 

3i59 

17791 

573 

3707 

1864 

3998 

22397 

697 

4365 

1865 

4087 

22531 

597 

3632 

1866 

4227 

22994 

639 

4087 

1867 

4216 

21311 

691 

4330 

1868 

2397 

1 1488 

375 

2383 

23258 

1 24015 

3799 

23682 

Attendances. 


Total  male  new  cases  

Total  female  new  cases    ... 

Total  in  nearly  six  years . . . 

23258 
3799 

Male    

Female    ... 

1240 1 5 
23682 

27057 

147697 

Expense  of  medicine  for  each  out-patient  averages  1*.  6d. 
per  diem  does  not  exceed  Is.  in  the  Male  Lock  Hospital. 

THE  ASYLUM. 


The  expense  of  food 


Admitted  from  July  1787,  to  31st  December  1867 2043 

Restored  to  their  friends  since  commencement  409 

Placed  in  respectable  services  616 

Left  at  their  own  request   926 

Died 27 

Remaining  in  the  Asylum  31st  December  1867 65 

2043 


On  the  Recent  Improvements  in  Norfolk  Farming,    By  C.  S.  Read,  M.P. 


Statistics  of  the  Progress  and  Extermination  of  the  Cattle  Plague  in  Norfolk. 
By  W.  Smith,  M.E.C.V.S. 


On  the  Natural  System  of  Coinage.    By  G.  Johnstone  Stoney,  Af.A.,  F.R.S. 

It  is  generally  agreed  that  neither  a  silver  standard  for  coinage  nor  a  double 
standard  of  gold  and  silver  is  practicable  on  a  wide  scale  or  for  a  long  time.  An 
inquiry  relating  to  coinage  may  therefore  be  based  on  the  assumption  that  gold, 
whatever  be  its  defects  for  the  office,  must  be  accepted  as  the  real  and  sole  standard 
of  monetary  value.  And  if  we  wish  to  reason  with  precision  we  must  limit  the 
statement,  and  say  that  coined  gold  is  the  standard  of  monetary  value ;  since  coined 
gold  has,  and  must  have  unless  overissued,  a  slightly  higher  market  price  than  gold 
in  the  ingot 

Accordingly  if  we  omit  (as  is  the  universal  practice)  the  value  of  the  alloy,  gold 
coins  have  to  one  another  values  in  the  exact  proportion  of  the  weights  01  pure 
gold  they  contain.  Thus  the  sovereign  containing  782  centigrams  of  gold  and  the 
napoleon  580,  no  amount  of  manipulation  would  enable  these  coins  to  bear  to  one 
another  any  other  ratio  than  that  of  732  to  580,  if  we  except  the  slight  disturbance 
of  this  ratio  which  arises  out  of  the  depreciation  of  napoleons  in  England  from  their 
not  being  current  coin. 
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As  gold  must  be  the  ultimate  standard  of  monetary  value,  it  will  be  admitted  u 
be  of  great  and  lasting  importance  that  it  should  be  made  so  in  the  form  -which  it 
theoretically  the  simplest  \  in  other  words,  in  thai  form  which  toiU  inevitably  prote 
most  convenient  in  the  long  run.  Now  the  gram  of  pure  gold  in  a  coin  has  tht 
requisite  properties  in  the  greatest  attainable  degree,  and  it  happens  to  have  a  rela- 
tion to  existing  coins  which  very  much  smooths  the  way  for  its  introduction. 

It  has  the  requisite  properties,  because  it  is  more  natural  to  take  mtre  gold  as  our 
standard  than  an  alloy,  just  as  it  is  most  natural  to  take  distilled  water,  and  at  i 
natural  though  unusual  temperature,  as  our  standard  of  specific  gravity ;  and  a 
little  consideration  will  show  that  in  both  cases  the  same  kind  of  permanent  con- 
venience will  be  the  result.  And  if  some  mass  of  pure  gold  is  to  be  our  radix,  h 
will  at  once  be  conceded  that  the  quantity  to  be  taken  should  bear  the  simples 
attainable  relation  to  the  best  system  of  weights.  The  gram  of  pure  gold  is  there- 
fore the  Natural  Standard. 

Calling,  then,  the  value  of  each  gram  of  pure  coined  gold  a  monad,  we  may  (in 
conformity  with  metrical  nomenclature)  form  the  following  decimal  series : — * 


Kilion,  or  kilogram  of  gold. 
Hekat,  or  hektogram  of  gold. 
Deka,  or  dekagram  of  gold. 
Monad,  or  gram  of  gold. 


Decim,  or  decigram  of  gold- 
Cent,  or  centigram  of  gold. 
Mil,  or  milligram  of  gold. 


The  present  silver  and  copper  coins  of  Great  Britain  are  of  less  than  their  nominal 
values,  but  the  artificial  values  of  these  coins  are  kept  up  by  their  being  made 
exchangeable  with  gold  at  the  rate,  fixed  by  statute,  of  20  shillings  to  the  sovereign ; 
and  by  providing  that  silver  and  copper  shall  not  be  legal  tenders  for  others  than 
very  small  debts,  so  that  no  one  can  be  forced  to  take  a  large  quantity  of  the  coins 
whose  value  is  artificial.  Now  our  existing  coinage  would  be  adjusted  to  the  new 
one  by  slightly  altering  this  artificial  value,  and  legislating  that  after  a  certsia 
date  the  sovereign  shall  be  exchangeable  for  20  shillings  and  4  pence,  and  the 
half-sovereign  for  10  and  2  pence,  in  this  way  the  present  nominal  values  of  oar 
existing  silver  and  copper  coins  would  be  lowered  to  the  extent  of  one-sixty -first 
part,  which  is  less  than  half  the  change  which  would  be  required  in  some  part  of 
our  coinage  upon  the  adoption  of  either  the  pound  and  mil,  or  the  five-frane 
scheme.  Moreover,  all  contracts  above  one  pound  sterling  would  be  wholly  «a- 
affected,  and  the  relation  of  our  silver  to  our  copper  coins  would  be  undisturbed— 
the  former  of  these  being  -the  condition  which  it  is  of  most  importance  to  obeem 
in  regard  to  large  transactions,  and  the  latter  what  is  of  most  importance  in  regard 
to  small. 

After  the  change,  the  sovereign  and  half-sovereign  would  maintain  their  present 
values  in  virtue  of  their  being  gold :  there  would  still  be  7  monads  and  32  certs 
in  the  sovereign,  3  monads  and  66  cents  in  the  half-sovereign.  The  penny  would 
become  precisely  three  cents,  and  the  only  British  coins  which  would  not  fall  ii 
with  the  new  ones  would  be  the  halfpenny  of  15  mils  and  the  farthing  of  7J  mils. 

The  copper  coins  proper  to  the  new  system  would  be  the  cent,  the  two-cent,  and 
the  three-cent  or  penny.  In  countries  where  smaller  coins  would  be  useful  a  fiTe- 
mil  piece  (equivalent  to  one-sixth  of  a  penny)  might  be  added.  In  silver  we  should 
have  the  decim  (about  the  size  of  a  threepenny  piece),  the  two-decim,  the  thrae- 
decim  (value  for  tenpence),  the  five-decim,  ana  tne  seven-decim.  lie  half-ctowm 
is  a  nine-decim  piece,  and  would  add  another  coin  of  the  series  so  long  as  it  remains 
in  circulation.  The  gold  coins  would  be  a  seven-monad  piece  (about  the  size  of  a 
sovereign),  a  five-monad  piece,  and  a  three-monad  piece,  worth  100  pence,  The 
monad  is  worth  33  pence  and  a  cent.  These  coins  are  so  selected  that  very  ssnafl 
pavments  can  be  made  by  exchanging  the  larger  coins,  and  that  change  of  a  larpe 
com  can  be  obtained  in  several  different  ways.  These  are  both  of  them  matter*  of 
much  practical  convenience.  The  gold  coins  should  have  the  weights  of  pure  gold 
they  contain  stated  on  them ;  for  example,  on  the  largest  coin,  "  This  coin  ^"frimf 
7  grams  of  gold/'  If  the  alloy  for  the  three  gold  coins  were  ff  ths  fine,  they  would 
weigh  exactly  7*7  grams,  5*5  grams,  and  3*3  grams.  Accounts  would  be  moat  con- 
veniently kept  in  three  columns  of  dekas,  monads,  and  cents. 

The  pound  and  mil  scheme  has  the  advantage  over  that  which  is  bete  advocate*1 
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that  it  would  retain  permanently  the  British  pound  and  shilling ;  but  at  the  same 
time  it  would  do  great  violence  to  the  values  pf  our  copper  coins  to  force  them  into 
accordance  with  it :  it  would  alter  the  relation  between  the  existing  silver  and 
copper  coins,  the  relation  with  which  ignorant  people  have  to  deal ;  and  above  all 
it  is  arbitrary,  and  has  little  chance  of  becoming  international  or  permanent  On 
the  other  hand  *  truly  natural  system,  if  once  adopted  by  Great  Britain,  would 
inevitably  make  its  way  by  its  intrinsic  merit  among  all  sufficiently  intelligent 
nations :  just  as  the  metrical  system  of  weights  and  measures,  after  it  was  adopted 
by  one  great  nation,  is  thus  spreading,  because  it  is  not  only  a  decimal  system  but 
natural  also,  t.  e.  one  in  which  the  measures  of  length,  of  surface,  of  capacity,  and 
the  weights  are  all  related  to  one  another  in  that  way  which  is  theoretically  the 
simplest,  in  other  words,  in  the  way  which  is  sure  to  prove  praptically  the  most 
convenient  upon  a  sufficiently  wide  experience. 

The  proposal  to  make  the  dollar  or  five  francs  our  unit  is  undoubtedly  recom- 
mended by  the  circumstance  that  this  dollar  is  a  coin  which  agrees  tolerably  witb 
some  part  of  the  existing  coinage  of  several  countries,  put  tbe  advantage  is  tran- 
sitory, and  could  only  be  secured  at  the  price  pf  fastening  upon  the  world  a  Ppinage 
with  the  following  tnree  permanent  defects : — 

1.  The  dollar  is  a  unit  less  adapted  than  a  larger  unit  for  estimating  considerable 
sums,  and  at  the  same  time  its  next  decimal  multiple,  the  ten-dollar  pfcce.  has 
been  found  inconveniently  large. 

2.  It  does  not  fall  in  with  the  metrical  system  of  weights  and  measures,  since 
the  dollar  of  five  francs,  being  the  fourth  part  of  a  napoleon,  contains  145  centigrams 
of  gpld.    This  defect  entails  many  lasting  disadvantages,  and  among  them  that— 

3.  On  this  account  it  would  be  exceedingly  difficult,  or  rather  quite  impracticable; 
to  keep  it  up  to  its  value  in  the  units  of  ajl  nations. 

There  is  only  one  course  which  will  provide  in  the  most  effectual  way  that  is 
attainable  against  the  tampering  with  coinage  of  which  the  world  has  seen  so 
many  disgraceful  examples,  and  that  is  to  make  the  numerical  relation  between 
the  weight  of  pure  gold  in  a  coin  and  the  statement  of  its  value  the  simplest  pos<- 
flible ;  and  there  is  but  one  way  of  doing  this,  viz.  by  taking  the  gram  of  pure 
gold  as  the  unit  of  value.  The  number  that  represents  the  value  of  a  coin  would 
then  bear  the  simplest  relation  that  is  possible  to  its  fineness  and  its  weight.  Thus 
if  the  coin  be  j  Jths  fine,  weigh  it  in  centigrams,  subtract  one-twelfth  from  the 
number  of  centigrams,  and  the  remainder  expresses  the  value  of  the  coin  in  cents. 

Finally,  it  would  be  well  to  keep  in  view  that  there  is  something  which  men 
will  naturally  regard  with  approval  in  the  maintenance  of  a  gold  coinage  at  as  high 
a  standard  of  fineness  as  is  compatible  with  wear. 

It  may  reasonably  be  urged  that  it  is  by  a  regard  to  such  feelings,  and  by  con- 
siderations of  durability  and  other  valuable  physical  properties,  that  we  should  be 
principally  guided  in  deciding  what  fineness  shall  be  given  to  our  coins.  The 
coinage  of  Great  Britain  stands  foremost  in  reputation  over  the  world,  a  position 
partly  won  by  its  fineness,  a  position  which  does  credit  to  us  as  a  nation,  ana  which 
we  ought  not  lightly  to  resign.  If  we  rendered  our  coinage  a  truly  natural  system 
by  bringing  it  into  harmony  with  the  metrical  system  of  weights  and  measures,  sp 
as  to  blend  all  (weights,  measures,  and  coinage)  into  one  consistent  whole,  we 
should  be  lasting  benefactors  of  mankind  in  the  same  sense  in  which  the  French 
were  when  they  gave  existence  to  the  metrical  system — a  system  which,  wherever 
it  is  adopted,  is  destined  to  benefit  all  posterity. 

The  best  way  to  begin  the  introduction  of  tne  natural  system  of  coinage  would 
probably  be  to  coin  copper  cents  with  the  inscription,  <(  This  coin  is  worth  one 
centigram  of  gold."  The  cent  should  pass  current  as  one-third  of  a  penny.  This 
might  be  followed  up  by  withdrawing  the  halfpenny,  the  farthing,  and  the  three- 
penny piece  from  circulation,  and  by  issuing  a  silver  decim  or  ten-cent  piece.  This 
coin  would  be  worth  3  pence  and  a  cent,  and  should  bear  the  inscription,  "  Worth 
one  decigram  of  gold." 

Classification  of  Labour.    By  F.  Wiusoir, 
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MECHANICS. 

Address  by  George  Parker  Bidder,  C.E.,  FJl.Q.S.,  President  of  the  Section. 

Gentlemen  and  Ladies, — In  opening  the  proceedings  of  the  Section,  I  have  to 
offer  a' few  remarks,  which  I  do  with  the  utmost  diffidence,  because  this  is  the  first 
occasion  on  which  I  have  had  the  honour  of  being  present  at  these  Meetings.  The 
leading  object  of  the  Association,  as  stated  in  the  first  paragraph  of  the  programme, 
is  to  give  a  stronger  impulse  and  a  more  systematic  direction  to  scientific  inquiry; 
and  if  I  wanted  an  illustration  of  the  manner  in  which  this  object  is  to  be  carried  out, 
I  should  take  it  from  the  discussion  upon  Dr.  Richardson's  proposition,  which  was 
to  the  effect  that  the  scope  and  object  of  this  Section  is  to  consider  the  application 
of  the  laws  of  mechanics  to  all  mechanical  operations  for  the  benefit  of  the  world  in 
general,  and  of  this  country  in  particular.  I  may  here  say  that  we  have  at  least 
this  advantage,  that  the  laws  we  seek  to  apply  are  undoubted  and  unquestioned, 
and  that  then*  best  application  must  conduce  to  the  benefit  of  mankind  at  large. 
I  propose,  on  the  present  occasion,  to  refer  briefly,  and  only  very  generally,  to 
some  of  the  topics  which  are  at  the  present  moment  engrossing  the  attention  of 
the  public. 

First  I  will  deal  with  what  I  may  call  the  great  water  question.  In  speaking 
upon  this  subject,  I  desire,  at  the  outset,  to  congratulate  the  Section  upon  the  pre- 
sence at  this  Meeting  of  several  of  the  highest  and  most  eminent  authorities  upon 
this  question,  among  whom  I  may  mention  Mr.  Hawksley,  whose  name  is  associated 
with  almost  all  the  water-works  of  the  United  Kingdom,  and  with  many  foreign 
works  of  analogous  character;  and  Mr.  Bateman,  who,  among  other  works,  has 
been  the  author  of  the  great  system  by  which  the  water  of  Loch  Katrine  is  now 
conveyed  to  the  city  of  Glasgow.  I  trust,  therefore,  that  this  Section  will 
not  disperse  without  having  obtained  that  amount  of  useful  and  valuable  in- 
formation which  these  gentlemen  are  so  capable  of  communicating.  The  entire 
question  of  water  supply  is  one  which  has  already  assumed  considerable  pro- 
portions. It  deals  with  the  supply  of  water  to  the  large  cities  and  towns  of 
this  kingdom,  with  the  utilization  of  that  water  for  a  variety  of  purposes  con- 
nected with  our  manufactories,  with  the  preservation  of  the  beauty  of  our  rivers, 
and  the  prevention  of  their  pollution  by  the  drainage  of  our  towns  and  the 
refuse  of  our  factories.  Indeed  a  more  beautiful  and  interesting  subject  can 
hardly  engage  the  attention  of  engineers ;  and  it  may  be  said  that  it  constitutes, 
in  point  of  fact,  the  sensational  literature  of  our  profession.  Whether  we  look  to 
the  circumstances  and  the  constitution  of  the  great  rivers  which  flow  through 
India,  through  America,  and  through  the  continent  of  Europe,  or  whether  we 
turn  to  the  smaller  streams  which  circulate  in  this  neighbourhood,  we  find  one 
general  law  pervading  the  whole — a  law  which  is  well  understood,  and  about  which 
there  can  be  no  possibility  of  doubt.  Nature,  we  know,  always  performs  her 
functions  by  means  of  general  laws,  and  we  find  these  general  laws  always 
conduce  to  one  result  We  find  that  nature  has  provided,  for  the  flow  of 
water  in  our  rivers,  that  the  greatest  rainfalls  shall  take  place  in  the  highest 
regions.  The  mountains  receive  the  water  from  the  clouds,  and  the  water  is 
brought  down  to  the  plains,  where  it  is  utilized  for  supplying  our  towns,  for  con- 
veying our  commerce  from  place  to  place,  and,  to  a  Luge  extent,  in  some  parts 
of  the  world,  for  irrigation.  And  we  know  that  if  this  supply  were  properly  pre- 
served, irrigation  might  be  considerably  increased.  The  rainfall  is  conducted  down 
the  sides  of  the  mountains,  amidst  rocks  and  through  substances  where  it  can  do 
little  harm,  with  the  velocity  due  to  the  slopes  of  the  region,  and  by  the  time  it 
approaches  the  plains,  it  converges  into  streams  which  flow  in  an  even  and  gentle 
course,  conferring  the  greatest  blessings  upon  mankind,  although  occasionally,  but 


something  like  400  inches  per 
annum.  In  some  of  the  mountains  of  Cumberland  the  rainfall  has  been  gauged 
to  the  extent  of  200  inches,  and  in  this  neighourhood  it  is  said  to  be  very  little 
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over  20  inches  per  annum.  The  late  Mr.  Robert  Stephenson  told  me  that  upon 
one  occasion  in  the  Andes,  the  rainfall  amounted  to  as  much  as  8  inches  within  the 
short  space  of  an  hour.  This  is  a  question  assuming  so  great  importance  that  I 
think  this  Association  ought  to  use  all  its  power  and  influence  to  induce  the 
Government  to  aid  it  in  these  investigations,  by  which  alone  the  engineer  can 
be  guided  in  the  application  of  the  laws  to  which  I  have  alluded.  I  think  that 
the  quantity  of  water  which  falls  along  the  whole  course  of  our  rivers  should  be 
gauged,  that  the  rainfall  at  different  intervals  should  also  be  measured,  and  that 
there  should  likewise  be  meteorological  observations,  for  the  purpose  of  ascertain- 
ing the  condition  of  the  atmosphere  under  which  these  rainfalls  occur.  I  think 
that  if  these  observations  were  persevered  in  for  a  few  years,  a  mass  of  facts  might 
be  collected  which  might,  bv  the  aid  of  the  great  and  extensive  knowledge  of  my 
friends  now  present,  be  applied  to  the  permanent  benefit  of  this  country. 

The  remarks  I  have  just  made  may,  to  some  extent,  be  illustrated  by  circum- 
stances connected  with  the  rivers  in  this  immediate  neighbourhood.  As  you  are 
aware,  the  rivers  Wensum  and  Yare  converge  at  a  point  a  little  below  this  city. 
The  river  Waveney  joins  them  a  little  below  JReedham,  and  the  river  Bure  flows 
into  them  at  a  point  not  far  from  Yarmouth,  the  whole  of  the  water  being  con- 
veyed thence  through  the  harbour  into  the  sea.  There  is  no  doubt  that  formerly 
there  was  in  this  locality  a  great  estuary  open  to  the  ocean,  but  the  travelling 
sands  which  form  the  dunes  upon  this  coast  seem  to  have  confined  that  water 
within  the  narrow  channel  which  falls  into  the  ocean  at  Gorlestone.  I  believe 
that  at  one  period  the  Waveney  flowed  through  Mutford  lock,  and  that  a  dam  was 
erected  there  by  the  advice  of  some  Dutch  engineers,  with  a  view  to  prevent  the 
incursion  of  the  sea,  which  doubtless  inflicted  upon  the  upper  lands  much  greater 
injury  than  could  be  caused  by  the  freshwater  floods.  But,  be  this  as  it  may,  if 
you  trace  the  Wensum  from  its  course  down  the  valley,  flowing  at  a  gentle  rate,  and 
affording  nourishment  to  a  considerable  tract  of  country  between  Norwich  and  Yar- 
mouth, you  will  find  that  the  entire  flow  of  the  water  is  maintained  by  a  fall  of 
something  like  4  or  5  inches  in  the  mile.  This  circumstance  is  undoubtedly  attended 
with  great  advantage  to  the  neighbourhood.  In  the  first  place,  the  waters  of  the  Yare 
are  free  from  any  large  amount  of  deposit,  while  the  velocity  of  the  stream  is  so  slight 
that  it  does  not  have  the  effect  of  destroying  or  injuring  the  banks,  which  are  com- 
posed of  a  soft  material,  and  the  river  being  deep,  enables  a  large  amount  of  com- 
merce to  be  carried  on  between  Yarmouth  and  Norwich  by  those  beautiful  craft! 
the  wherries,  which  navigate  these  waters.  Such  is  the  mcility  afforded  by  the 
river  for  the  conveyance  of  traffic,  that  these  wherries  maintain  to  this  moment  an 
active  competition  with  the  railway  which  runs  between  this  place  and  Yarmouth* 
Near  Yarmouth  we  have  the  entire  body  of  water  belonging  to  this  district  con- 
verging at  the  head  of  Breydon,  and  all  the  circumstances  connected  with  these 
waters  are  subject  to  laws  which  we  can  estimate  with  perfect  certainty.  But 
beyond  the  point  I  have  alluded  to  they  come  in  contact  with  the  tide ;  and  here 
commences  a  disturbing  element,  upon  which  a  great  variety  of  opinion  is  main-* 
tained,  and  which  has,  I  am  aware,  led  to  much  litigation. 

Yarmouth  has  also  this  further  natural  condition,  that  being  surrounded  by  a 
vast  amount  of  sand,  which  forms  the  roadstead,  the  result  is  that,  although  on 
both  sides  of  the  coast,  at  Aldborough  and  on  the  estuary  near  Lynn,  the  tide 
rises  from  16  to  18  feet  at  springs,  nevertheless  it  only  rises  some  o  feet  at  Yar- 
mouth. The  consequence  is  tnat  the  tidal  scour  at  Yarmouth  is  very  much 
reduced,  and  the  effect  is  so  much  modified  that  it  occasions  a  large  outlay  in 
maintaining  even  the  present  depth  of  water  over  the  bar,  inadequate  as  that  may  be* 
But  if  the  range  of  the  tide  through  the  port  of  Yarmouth  had  corresponded  with  that 
upon  each  side  at  the  places  I  have  mentioned,  it  is  a  question  whether  its  effect 
upon  the  estuary  of  the  river  would  not  be  of  the  most  disastrous  character.  My 
own  opinion  is  that  such  would  be  the  effect ;  but  my  more  immediate  object  is  to 
call  attention  to  the  tidal  influences,  combined  with  the  fresh  water  from  the  land, 
in  the  maintenance  of  the  bar  at  Yarmouth.  -Upon  the  question  of  how  much  is 
due  to  the  land  floods,  and  how  much  to  the  flux  and  reflux  of  the  tide;  there  is 
great  difference  of  opinion  among  philosophers  and  engineers.  It  is,  indeed,  a 
difficult  question ;  but  I  think  it  is  one  that  ought  to  be  grappled  with,  and  one 
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the  solution  of  which  this  Association  ought  to  keep  in  view.  I  think  that 
by  the  collection  of  records  of  accurate  and  well-established  facts,  we  thigh  t  bs 
enabled  to  arrive  at  something  like  a  sound  practical  conclusion  upon  it ;  and  this 
leads  me  to  a  suggestion  as  to  what  this  Association  might  do  in  the  matter. 
Let  us  take  the  case  of  the  Yarmouth  estuary  in  particular.  If  before  coming-  to 
Norwich  notice  had  been  given  to  the  Commissioners  at  Yarmouth  and  the  autho- 
rities at  Lowestoft,  I  have  no  doubt  that  the  Association  might  have  been  sup- 
plied with  a  series  of  tidal  observations  and  charts  showing  tne  condition  of  the 
harbour  at  different  periods,  due  to  the  various  works  which  had  been  executed. 
This  information  might  have  been  rendered  of  extreme  utility.  Next  year  you  meet 
at  Exeter,  near  the  estuary  of  the  Exe,  which  is,  to  some  extent,  analogous  to 
the  locality  of  which  I  have  been  speaking  j  and  I  would  suggest  that  this  Associa- 
tion should  apply  to  the  authorities  at  Exmouth  for  such  information  as  they  possess 
with  reference  to  their  harbour. 

The  result  of  the  convergence  of  the  rivers  at  Yarmouth  was  to  give  to  that  port 
a  monopoly  of  the  whole  trade  of  this  district ;  and  the  effect  of  that  monopoly- 
was,  as  in  the  case  of  most  other  monopolies,  though  doubtfully  beneficial  to  the 
port  of  Yarmouth,  certainly  not  advantageous  to  this  city  or  to  the  neighbour- 
ing district.  So  much  had  this  been  felt  that,  forty-three  years  ago,  the  late  Sir 
"William  Cubitt  obtained  an  Act  of  Parliament  for  the  construction  of  the  harbour 
Of  Lowestoft,  and  I  think  the  capital  required  to  carry  out  that  Undertaking  was 
chiefly  provided  by  this  city.  But  the  capital  was  insufficient  for  the  execution  of 
the  works  upon  such  a  scale  as  would  enable  the  harbour  to  be  used  to  any  great 
extent,  and  until  the  railway  Company  took  the  matter  in  hand,  and  made  Lowes- 
toft what  it  is,  the  full  advantages  which  Yarmouth  could  give  ta  this  district 
Were  never  realised.  The  Yarmouth  authorities  then  set  about  improving  their 
harbour,  reducing  the  charges,  and  conferring  other  advantages,  of  which  this  city 
has  reaped  the  benefit.  -AM  now  you  have  two  harbours  within  a  few  miles  oT 
each  other,  constituted  on  totally  different  principles.  You  have  that  of  Yar- 
mouth, maintained  by  the  flow  of  the  land  waters  of  the  Yare,  the  "Waveney,  the 
Wensum,  and  the  Bure ;  and  you  have  that  of  Lowestoft,  which  is  maintained 
entirely  by  dredging,  there  being  no  land  water,  with  the  exception  of  the  small 
quantity  which  is  allowed  to  pass  through  during  the  process  of  locking  the 
vessels.  It  is  my  belief  that  the  result  of  a  thorough  investigation  of  this  ques- 
tion, conducted  by  competent  persons,  would  show  that  the  fahd  waters  conduce 
but  little,  if  at  all,  to  the  maintenance  of  the  port  of  Yarmouth,  and  that  they 
might  be  allowed,  to  some  extent,  to  pass  through  to  the  sea  in  other  direction*!, 
by  Which  means  a  large  area  of  land  would  be  effectually  drained,  other  land  irri- 
gated, an  unfailing  supply  of  water  rendered  available  for  the  towns,  and  the  har- 
bours of  Yarmouth  ana  Lowestoft  be  maintained  and  rendered  accessible  to  vessels 
of  larger  burthen.    This  is,  however,  a  topic  of  purely  local  importance. 

There  is  another  topic,  which  is  of  worldwide  celebrity,  to  which  I  must  call 
attention.  It  is  one  of  vast  interest  to  science,  and  may  throw  a  light  on  some 
other  questions.  I  allude  to  an  undertaking  which  has  excited  considerable  atten- 
.  tion,  from  its  pretensions  to  connect  the  Mediterranean  with  the  Red  Sea  by  a 
canal  across  the  Isthmus  of  Suez.  That  canal  is  now  approaching  completion.  I 
believe  that  every  man  of  liberal  mind  would  desire  to  see  tnat  great  work 
successfully  completed.  The  canal  passes  in  its  course  through  What  is  known 
as  the  Bitter  Lakes,  which  have  a  depression  of  some  40  feet  below  the  level 
of  the  Red  Sea.  The  depression  is  perfectly  dry,  and  is  covered  by  a  stratum 
of  salt,  which  is  used  by  the  natives.  This  depression  must  be  filled  with  water 
from  the  Red  Sea,  from  which  it  is  distant  about  eighteen  miles.  The  most  inter- 
esting circumstance  connected  with  this  undertaking  is,  the  filling  and  the  mainte- 
nance of  the  Bitter  Lakes  with  Water.  The  area  of  the  lakes  has  been  stated  to  be 
about  300  square  miles  j  but  it  is  given  bv  the  French  at  five  hundred  millions  of 
square  yards,  which  amounts  to  about  150  square  miles,  or  100,000  acres.  Now 
the  rate  of  evaporation  of  water  in  Egypt  is  about  1  inch  per  diem.  Consider 
how  much  this  would  be  over  an  area  of  five  hundred  millions  square  yards.  It 
will,  I  believe,  amount  to  three  hundred  and  sixty  millions  of  cubic  feet  per  diem, 
which  means  something  like  two  hundred  and  fifty  thousand  feet  per  minute.  The 
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contents  of  the  sectional  area  of  the  canal  are  between  6000  and  7000  square 
feet,  and  the  amount  required  to  supply  the  evaporation  would  require  a  velocity 
in  the  canal  of  40  feet  per  minute.  Now.  as  1  have  said,  this  water  must  come 
from  the  Red  Sea,  which  is  depressed  by  the  northerly  winds  prevailing  during 
about  nine  months  out  of  twelve,  and  is  raised  by  the  southerly  winds,  the  varia- 
tion being  at  times  as  much  as  7  feety— ordinarily  about  5  feet.  The  mean  level 
of  the  Water  in  the  canal  can  therefore  only  be  maintained  at  a  level  below 
that  of  the  extreme  depression  of  the  Red  Sea.  in  addition  to  the  inclination 
necessary  for  the  flow  of  the  water  into  the  Bitter  Lakes,  to  provide  for  the 
evaporation. 

If  this  Association  would  endeavour  to  obtain  information  in  reference  to  all 
the  phenomena  which  may  attend  the  filling  of  these  great  lakes  from  the  Red  Sea, 
it  would  be  doing  considerable  service  to  science.  The  enormous  evaporation  of 
one  inch  per  diem  is  equal  to  a  rainfall  of  366  inches  per  annum,  and  it  cannot  but 
exercise  some  influence  on  the  atmosphere  of  the  surrounding  district.  This,  I  say, 
ought  to  be  carefully  watched,  and  the  most  accurate  observations  ought  to  be 
constantly  made. 

I  have  now  to  approach  a  question  which  has  excited  a  great  amount  of  public 
Attention  and  discussion.  It  is  a  subject  which  will  come  home  to  every  man  in 
this  country.  I  do  not  know  how  &r  my  remarks  may  come  into  collision  with 
some  of  tfie  papers  which  are  to  be  read,  but  I  offer  them  entirely  on  my  own 
authority.  I  allude  to  the  state  of  our  Navy.  I  may  begin  by  saying  that,  how- 
ever satisfactory  the  general  condition  of  our  navy  may  be  to  the  departments,  it 
must  be  admitted  that  in  many  essentials  its  condition  is  not  satisfactory  to  the 
country  at  large ;  and  I  hope  I  may  be  enabled  to  point  out  to  you  in  what  way 

fublic  opinion  may  be  beneficially  brought  to  bear  upon  this  important  subject, 
feel  certain  I  shall  carry  you  all  with  me  in  saving  that  we  in  this  country  have 
but  one  desire  with  regard  to  our  navy,  and  that  is,  that,  whatever  may  be  the  cost 
to  the  nation,  we  should  have  the  very  best  ships  which  the  ocean  can  carry,  and 
which  machinery  can  propel.  I  am  speaking  in  the  presence  of  men  of  great  pro- 
fessional skill  and  experience,  men  wno  have  conducted  ships  through  every  sea 
throughout  the  world,  and  among  them  I  may  mention  the  name  of  Admiral  Sir 
Edward  Belcher.  1  think  that  he  will  agree  with  me  in  saying  that  the  qualities  of 
a  vessel  in  reference  to  her  speed  and  steadiness  ought  to  be  thoroughly  ascertained 
before  she  is  built  There  is  no  merchant  who  builds  a  steamer  for  the  con- 
veyance of  passengers  or  goods  who  does  not  clearly  lay  down  the  object  which 
the  ship  is  intended  to  accomplish,  and  who  does  not  require  that  this  should  be 
considered  by  the  builder.  I  say  that  the  same  rule  ought  to  apply  in  the  Royal 
Navy,  and  that  before  any  vessel  of  war  is  built  her  speed  should  bo  in  the  first 
instance  determined.  And  here  I  may  say  that  when  I  speak  of  speed,  I  do  not 
mean  speed  as  taken  in  the  trials  at  Stokes  Bay ;  I  refer  to  sea-going  speed,  which 
depends  upon  many  other  qualities  than  those  which  a  trial  at  Stokes  Bay  can 
possibly  determine.  The  evolutions  of  a  fleet,  to  be  effective,  must  be  conducted 
with  precision  and  certainty.  This  cannot  be  attained  unless  the  speed  of  all 
the  snips  of  a  squadron  bo  nearly  the  same.  Of  course,  you  cannot  obtain 
exact  uniformity,  but  you  may  approach  it  very  nearly.  But  to  have  a  fleet 
in  which  some*  ships  will  steam  at  the  rate  of  14  knots,  some  at  the  rate  of 
12  knots,  and  others  at  the  rate  of  only  10  knots,  is  very  much  like  en- 
deavouring to  get  up  a  pack  composed  of  all  the  dogs  in  a  town,  including  the 
swiftest  greyhounds  and  the  very  commonest  curs  that  can  be  met  with.  The 
speed  of  a  vessel  ought  to  be  the  first  element  of  consideration ;  for  it  is  useless  to 
carry  guns  which  may  sweep  another  vessel  out  of  the  water  if  the  ship  carrying 
those  guns  can  only  steam  at  the  rate  of  10  knots  an  hour,  while  tho  vessel  she  is 

fursuing  is  enabled  to  go  14  knots.  The  next  point  is  to  utilize  the  speed, 
will  not  attempt  to  enter  into  the  question  of  broadside  and  turret  ships,  but 
I  may  say  that  whatever  may  be  the  difficulty  in  broadside  ships  of  getting  fine 
lines*  for  the  head  and  stern,  this  difficulty  ought  not  to  exist  in  turret  vessels. 
Having  settled  the  battery,  it  ought  to  be  subject  to  as  little  disturbance  as  pos- 
sible ;  but  the  question  of  the  relative  utility  of  a  gun,  whether  on  a  fixed  platform  or 
on  a  moveable  one,  is  too  obvious  to  need  further  comment.  At  present,  however,  it  is 
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unfortunately  the  case  that  when  we  send  a  ship  to  sea  we  do  not  know  how  much 
she  will  roll.  I  am  now  speaking  in  the  presence  of  great  mathematicians,  and  I 
have  no  hesitation  in  saying  that  the  laws  which  regulate  the  rolling  of  a  ship  are 
as  well  known  and  determined  as  any  laws  upon  which  we  act.  Therefore  1  say 
that  the  extent  to  which  a  ship  will  roll  when  sent  to  sea  ought  to  he  ascertained 
before  we  are  put  to  the  expense  of  building  a  new  ship  at  a  cost  of  a  quarter  of  a 
million  of  money.  I  am,  of  course,  aware  that  whatever  may  be  the  certainty 
with  which  science  may  determine  the  conditions  of  the  rolling  of  a  ship,  and  the 
degree  of  steadiness  she  may  exhibit  under  canvas,  another  element  will  come  in 
which  will  defy  mathematics,  and  that  is,  the  dinerent  form  and  action  of  the 
waves.  Further  than  this,  in  specifying  the  conditions  of  the  rolling  of  a  ship, 
mathematics  will  not  determine  what  may  be  the  exact  motion  of  any  particular 
vessel.  It  cannot  do  this,  but  what  it  will  do  may  be  readily  ascertained.  For 
instance,  if  we  compare  one  vessel  with  another  of  the  same  class,  knowing  the 
conditions  of  the  two  with  regard  to  the  distribution  of  weights  and  so  on,  we 
shall  be  able  to  determine  whether  one  particular  ship  will  roll  more  than  an- 
other. If  you  have  a  vessel  of  40  feet  beam,  or  of  6K)  feet  beam,  she  must  be 
compared  with  another  vessel  of  the  same  breadth  of  beam.  There  can  be  no 
doubt  that  any  one  seeing  the  'Great  Eastern'  steaming  down  channel  where  there 
was  not  sufficient  sea  to  cause  her  to  roll,  would  imagine  her  to  be  incapable  of  that 
action ;  but  in  reality  when  she  is  subject  to  the  heavy  swell  of  the  Atlantic  her 
rolling  is  said  to  be  a  a  caution  " — in  fact  she  will  roll  in  the  Atlantic  Ocean  to  an 
extent  that  is  almost  intolerable.  In  short,  what  I  mean  is,  that  in  all  future  ves- 
sels their  rolling  should  be  fixed  in  reference  to  some  standard  vessel  of  a  similar 
class. 

Whilst  on  this  subject  I  may  mention  a  circumstance  which  occurred  about  two 
months  since,  and  which  I  admit  did  much  astonish  me.  I  was  talking  to  a  friend 
about  the  experiments  then  making  at  Shoeburyness,  when  a  third  gentleman 
joined  us,  and  the  conversation  turned  upon  ships.  I  expressed  the  opinion  that  it 
was  not  creditable  to  the  Admiralty  that,  in  the  construction  of  the  Navy,  ships 
were  sent  to  sea  before  it  was  known  how  much  or  how  little  they  would  roll  $  and 
I  referred  to  a  statement,  which  appeared  in  the  '  Times,'  as  to  the  discreditable 
condition  of  the  fleet  during  the  cruize  to  Lisbon.  The  third  gentleman  I  have 
mentioned  emphatically  denied  the  correctness  of  the  reports  that  had  appeared, 
in  reference  to  the  rolling  of  the  ships ;  and  he  added,  "  I  have  letters  from  the 
captains  of  those  vessels,  stating  that  they  were  as  firm  as  rocks,  and  that  there 
had  not  been  any  occasion  when  they  could  not  dine  in  the  cabins  without  requi- 
ring any  protection  for  the  dishes."  I  then  said,  "  Do  you  mean  to  say  that  the 
official  statements  which  have  appeared,  and  which  have  remained  uncontradicted, 
are  untrue  P"  The  reply  that  I  received  was,  "  What  I  have  stated  is  what  I  have 
had  from  the  captains  themselves."  The  gentleman  who  made  this  statement 
having  quitted  us,  I  inquired  who  he  was,  and  was  surprised  to  learn  that  I  had  been 
listening  to  Mr.  E.  J.  Heed,  the  chief  constructor  of  the  Navy.  Now  if  there  are 
in  existence  private  documents  entirely  at  variance  with  those  furnished  for  the 
information  of  Parliament  and  the  public,  either  the  Admiralty  must  be  leaving  the 
public  in  the  dark,  or  they  must  have  been  themselves  deluded. 

Now  next  to  stability  in  a  vessel  is  sea- worthiness,  and  the  ability  of  a  ship  to 
go  easily  through  a  very  heavy  head  sea  depends  very  much  on  the  disposition  of  the 
weights  near  her  head  and  stern.  If  you  try  the  sailing  qualities  of  two  vessels  in 
smooth  water,  you  will  probably  find  that  vessel  A  may  go  two  knots  an  hour  faster 
than  vessel  B ;  out  if  you  take  them  out  into  a  head  sea,  you  may  possibly  find  that 
vessel  B  goes  two  knots  an  hour  faster  than  vessel  A.  Every  time  a  vessel  makes 
a  plunge  into  the  sea  the  amount  of  power  taken  out  of  her  is  immense ;  and  I 
maintain  that  the  trials  of  vessels  which  take  place  at  Stokes  Bay  are  pure  delu- 
sions. The  trials  of  all  our  iron  ships  ought  to  take  place  at  sea,  and  I  think  they 
ought  to  be  conducted  by  men  of  experience  and  of  good  scientific  knowledge,  who 
are  altogether  independent  of  the  Government  or  any  other  influence :  and  until 
this  is  done  we  shall  not  be  able  to  apply  that  check  to  the  constructive  depart- 
ment of  the  Admiralty  which  I  think  the  country  ought  to  exercise.  The  next 
question  with  regard  to  ships  is  that  of  the  amount  of  protection.    In  my  opinion 
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the  question  whether  we  should  give  more  or  less  protection  to  our  vessels  by 
means  of  armour  plates  must  be  subordinate  to  the  purposes  to  which  the  ships 
are  to  be  applied  as  floating  batteries.  I  say  that  you  ought,  in  the  first  place,  to 
obtain  a  fast  ship  and  one  that  will  carry  her  battery  so  steadily  as  to  make  it  most 
useful  and  effective,  and  she  ought  to  be  able  to  go  through  a  head  sea ;  then,  sub- 
ordinate to  these  requisites,  protect  her  as  well  as  you  can.  It  is  of  no  use  to  have 
a  ship  so  protected  and  overweighted  that  she  becomes  inefficient  as  a  moveable 
fort. 

Before  concluding  my  remarks  on  ships  I  would  say  a  few  words  on  propulsion, 
upon  which  subject  there  is  a  paper,  and  in  reference  to  which  Dr.  Fairoairn  has  a 
report  to  make.  You  must  all  be  aware  that  within  the  last  year  or  two  a  new 
mode  of  propulsion  by  the  emission  of  water  has  been  introduced,  and  that  the  ex- 
periment has  cost  the  country  about  £40,000.  It  has  been  broadly  asserted  that 
there  are  no  means  of  obtaining  from  that  mode  of  propulsion  more  than  25  per 
cent  of  the  power  applied.  I  say,  therefore,  that  before  experiments  of  this  sort 
are  tried,  the  Government,  or  at  all  events  this  Association,  ought  to  investigate 
the  subject  in  order  to  see  whether  the  new  mode  be  the  most  economical  applica- 
tion of  power  or  the  most  wasteful  that  can  be  adopted.  The  matter  is  not  to  be 
worked  out  by  experiments  with  ships  which  only  go  eight  knots  an  hour  in  smooth 
water.  Admiral  Sir  Edward  Belcher  assures  me  that  the  speed  attained  was  ten 
knots,  and  that  she  beat  the  other  vessel  against  which  she  was  tried ;  to  which  I 
would  reply  that  she  might  easily  accomplish  that,  as  the  other  was  one  of  the 
worst  designed  ships  in  the  Navy. 

This  leads  me  to  another  question  in  which  we  are  all  interested,  and  that  is  our 
coast  defences.  We  have  all  been  frightened  for  some  years  by  the  statement  that 
we  may  be  attacked  by  an  invading  force,  and  that  we  are  or  have  been  peculiarly 
open  to  the  assaults  of  an  enemy,  and  therefore  ought  to  take  the  best  possible 
measures  for  protecting  our  shores.  The  theory  of  this  no  one  can  deny,  t>ut  the 
mode  in  whicn  the  protection  is  to  be  afforded  is  another  thing.  I  happen  to  be- 
long to  a  Volunteer  Staff  Corps  whose  especial  business  it  is  to  consider  this  question 
ana  to  advise  the  Government  upon  it.  The  first  question  we  had  to  consider  was 
the  defence  of  the  east  coast  of  England,  and  especially  of  the  coast  of  this  dis- 
trict. It  is  obvious  that  there  is  no  part  of  our  coast  which  is  so  vulnerable  as 
this  particular  division ;  that  there  is  no  part  of  the  country  which  offers  the  same 
inducements  to  an  enemy  to  attack  it  as  this  district.  How  this  district  is  pro- 
posed to  be  defended,  and  what  are  the  operations  to  be  undertaken  in  providing 
for  that  defence,  are  matters  of  confidence  between  the  corps  I  represent  and  Her 
Majesty's  Government;  but  I  have  the  satisfaction  of  being  able  to  say  that 
we  have  come  to  this  conclusion — that,  easily  as  the  coast  in  this  district  might 
be  attacked,  it  would  by  the  adoption  of  judicious  means  be  just  as  easily  defended, 
and  this,  too,  without  the  erection  of  those  ponderous  forts  which  have  been  con- 
structed on  the  southern  coast.  But  it  would  have  been  expected  that  no  sooner 
were  the  Armstrong  and  the  Whitworth  guns  invented,  and  the  power  and  precision 
with  which  projectiles  could  be  fired  against  any  fort  or  vessel  were  understood, 
than  the  authorities  would  have  turned  their  serious  attention  to  the  question,  and 
would  have  applied  the  strictest  scientific  investigation  to  the  new  condition  of 
things.  Indeed,  from  the  moment  when  the  Armstrong  and  Whitworth  guns  were 
produced  the  days  of  embrasures  were  numbered.  Any  man  who  knows  anything 
of  the  question  will  agree  with  me  that  he  is  safer  in  the  open  country  than  be- 
hind an  embrasure.  In  the  open  country  he  affords  but  one  small  point  of  attack, 
and  the  chances  of  his  being  nit  are  comparatively  small,  but  beside  a  gun  inside 
the  embrasure  of  a  fort,  if  a  shot  strikes  within  that  space  he  is  subject  to 
casualty  from  splinters.  The  introduction  of  the  new  mode  of  gunnery  marked  an 
epoch  at  which  the  whole  method  of  fortification  should  have  been  reconsidered ; 
and  if  this  had  been  done  I  feel  sure  that  we  should  not  have  had  to  regret  the 
construction  of  many  large  useless  forts,  not  however  including  some  of  older  date, 
for  the  design  of  which  it  is  impossible  to  discover  who  is  responsible. 

A  Commission  has  been  instructed  to  report  on  the  soundness  of  construction  of 
these  forts ;  I  would  venture  to  suggest  tnat  another  Commission  should  be  ap- 
pointed to  report  on  their  military  efficiency. 
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You  have  all  read  the  accounts  of  the  vast  experiments  that  hare  lately  been 
made  in  gunnery.    I  beliere  Dr.  Fairbairn  has  been  connected  with  those  expe- 
riments on  the  shields  designed  for  the  purpose  of  resisting  the  heaviest  modern 
artillery.    I  will  not  for  a  moment  deny  the  value  of  these  experiments ;  but  I 
must  say  that,  in  my  opinion,  they  would  hare  been  more  valuable  if  they  had 
been  based  on  the  well-known  laws  of  the  resistance  of  metals  of  the  same 
quality  to  impact  due  to  weight  and  velocity.    I  think  that  improvement  in  the 
structure  of  guns  would  have  been  advanced  with  more  certainty  if  the  action 
of  gunpowder  upon  the  projectile  had  been  clearly  ascertained  and  defined.     It 
is  perfectly  certain  that  gunpowder  when  exploded  cannot  act  with  less  power 
than  sixty  tons  upon  the  square  inch ;  it  is  also  certain  that  unless  that  power 
be  immediately  reduced  we  have  no  gun  which  it  will  not  destroy;  but  the  fact 
is  that  the  moment  the  projectile  moves,  the  enormous  expansion  of  the  pow- 
der is  reduced  with  such  rapidity  that  the  metal  has  not  time  to  yield  and  break 
before  the  pressure  is  removed  and  the  danger  is  gone.    This  shows  that  the 
kind  of  metal  you  use,  whatever  its  tenacity  and  hardness,  should  be  capable 
of  yielding  to  a  certain  extent,  without  absolutely  breaking  j  but  it  is  quite  cer- 
tain that  this  sort  of  action  is  of  such  a  nature  that  if  it  be  continued  to  a  cer- 
tain extent  it  must  lead  to  the  destruction  of  the  gun,  and  that  the  question 
as  to  the  life  of  a  gun  is  only  one  of  how  many  charges  may  fee  fired  from  it  before 
it  is  absolutely  destroyed.    I  say  that  the  whole  question  of  the  mechanical  action 
of  the  gunpowder  gases  should  be  absolutely  determined  and  settled,  and  that  it 
ought  to  be  clearly  understood  by  those  who  are  engaged  in  designing  guns.     If 
they  ^o  on  without  this  knowledge  they  are  merely  proceeding  at  "  hap-hazard," 
and  are  groping  in  the  dark. 

The  improvement  of  the  communication  between  England  and  the  Continent  is 
now  daily  exciting  more  and  more  attention.  Admirably  as  the  service  is  con- 
ducted, under  existing  circumstances,  still  the  horrors  and  delays  of  the  middle 
passage,  across  the  Straits  of  Dover,  will,  so  long  as  they  continue,  restrict  free 
intercourse  with  the  Continent.  Indeed,  imtil  a  traveller  can  reach  his  destination, 
at  Paris  or  Brussels,  in  the  same  carnage  in  which  he  started  from  London,  thia 
great  desideratum  cannot  be  said  to  have  been  attained. 

There  are  now  two  projects,  more  or  less,  before  the  public, — one  for  bridging  the 
Channel,  and  the  other  tor  tunnelling  beneath  it.  Before  analyzing  these  projects 
I  would  make  one  general  observation,  vii.  that  any  project  involving  an  outlay 
(inclusive  of  interest  during  progress)  of  from  forty  to  fifty  millions  sterling,  and 
requiring  from  forty  to  fifty  years  for  its  execution,  cannot  with  reason  be  enter- 
tained. 

With  regard  to  the  Bridge  project,  the  latest  proposition  would  appear  to  be  to 
span  the  channel  by  a  viaduct  consisting  of  openings  of  three  thousand  feet  each. 
The  platform  must  of  necessity  be  upwards  of  two  hundred  feet  above  the  level  of 
the  sea.  The  piers  would  be  erected  on  islets  founded  in  a  depth  of  water  of  thirty 
fathoms.  Now,  bearing  in  mind  that  to  bridge  the  Thames  in  the  most  economical 
manner  involves  a  cost  of  about  £125  per  lineal  foot,  and  applying  this  as  a  stand* 
ard,  contrasting  the  facilities  in  the  one  case  with  the  obvious  enormous  difficulties 
and  contingencies  in  the  other,  the  relative  cost  of  the  latter  must  greatly  exceed 
four  times  that  of  the  former ;  the  minimum  coat,  therefore,  of  the  channel  viaduct 
cannot  be  taken  at  less  than  £500  per  lineal  foot,  which  at  once  brings  the  cost  up 
to  fifty  millions  sterling,  without  taking  into  account  current  interest  With  these 
remarks  we  may  dismiss  the  Bridge  question. 

A  recent  article  in  the  ( Times '  describes  the  Tunnel  project :  the  main  tunnel 
is  to  be  constructed  at  such  a  depth  below  the  bottom  of  the  channel  as,  it  is  honed, 
would  enable  a  stratum  to  be  reached  which  would  be  impervious  to  infiltration. 
Nevertheless  there  is  some  uncertainty  on  this  point  It  is  proposed  to  commence 
by  driving  a  trial  heading  at  a  cost  of  two  millions  sterling.  The  estimated  cost 
of  the  main  tunnel  was  stated  at,  I  believe,  eight  millions,  raising  the  total  esti- 
mated cost  to  ten  millions.  Without  going  into  all  the  details  or  construction,  I 
will  only  allude  to  the  two  main  features — the  driving  of  the  heading,  and  the 
completion  of  the  main  tunnel. 

It  is  obvious  that  the  heading  can  only  be  driven  from  the  two  ends  j  and  as* 
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fluming'  that  the  stratum  is  found  to  be  so  favourable  as  to  admit  of  an  uninter- 
rupted daily  progress  of  two  to  three  yards  being  made  at  each  face  (a  rate  of  pro- 
gress which  is  beyond  toy  experience),  twenty  years  will  be  absorbed  in  this  trial 
only,  and  the  two  millions  to  be  expended  will  become  nearly  three  millions,  by  the 
addition  of  interest.  Assuming  tne  trial  heading  to  be  completed,  and  that  ar- 
rangements had  been  made  for  working  the  main  tunnel  from  as  many  as  ten  faces 
(four  intermediate  points  and  the  two  ends),  and  assuming  the  same  absence  of 
contingencies  and  an  unbroken  period  of  peace,  a  progress  of  20  yards  per  week  is 
the  greatest  that  can  be  anticipated ;  but  for  the  purpose  of  my  argument  I  will 
assume  the  progress  to  be  80  lineal  yards  per  week.  Upon  this  basis  an  additional 
period  of  twenty-five  years  will  be  required  to  complete  the  main  tunnel.  By  that 
time  the  three  millions  expended  in  forming  the  heading  will,  by  the  addition  of 
interest,  have  reached  the  sum  of  seven  millions,  and  the  eight  millions  spent  in  the 
main  tunnel  will,  for  the  same  reason,  have  become  twelve  millions :  thus,  without 
taking  into  account  innumerable  unforeseen  contingencies  necessarily  attendant  on 
such  a  work,  the  outlay  may  be  taken  at  twenty  millions  sterling,  and  the  time 
occupied  at  not  lesS  than  forty-five  years.  The  carrying  on  the  tunnel  works  at  four 
intermediate  points  through  a  heading  of  such  enormous  length  is  clearly  imprac- 
ticable ;  three  or  four  shafts  in  mid-channel  would  therefore  become  essential.  Let 
us  consider  what  the  construction  of  a  shaft  in  rnid-chanriel  Would  involve.  It  has 
to  be  founded  in  water  of  the  depth  of  .30  fathoms,  then  to  perforate  a  water-bearing 
stratum  of  uncertain  thickness ;  then  let  us  see  what  work  this  shaft  has  to  do. 
From  the  very  nature  of  the  locality  (a  sea  much  vexed  by  storms)  there  must 
be  a  barrack  for  the  workmen,  space  for  the  materials  of  construction,  and  a  pier 
for  shelter  and  for  discharging  the  vessels  laden  with  stores  and  materials.  I 
must  therefore  confess  that,  to  my  mind,  although  such  a  work  cannot  be  assumed 
to  be  mechanically  impossible,  it  would  appear  to  be  commercially  and  nationally 
infeasible.  If  my  views  are  correct,  this  great  international  problem  still  remains 
for  solution. 

There  is  One  other  subject  to  which  I  will  allude,  and  in  the  presence  of  so 
distinguished  a  man  as  Mr.  Siemens,  who  has  attained  so  eminent  a  position  as  an 
electrician,  and  who  is  now,  I  am  happy  to  say,  engaged  in  the  completion  of 
the  Indo-European  Telegraph,  while  he  is  at  the  same  time  applying  nis  great 
power3  to  other  subjects,  I  could  hardly  close  my  remarks  without  saying  a  few 
words  on  electricity,  with  which  he  has  for  many  years  been  connected ;  and  it  is 
more  especially  interesting,  as  the  Electric  Telegraph  was  first  practically  applied 
by  the  late  Mr.  Robert  Stephenson  and  myself  to  working  the  single  line  or  rail- 
way, as  originally  constructed,  between  this  city  (Norwich)  and  Yarmouth,  and 
about  the  same  time  it  was  adapted,  at  our  suggestion,  to  working  the  stationary 
engine  system  on  the  Blackwafl  Railway.  The  experience  derived  from  these 
adaptations  induced  me,  at  a  later  period)  to  originate  commercial  telegraphy,  by 
establishing  the  Electric  and  International  Telegraph  Company  in  1845-46.  A 
question  which  has  been  greatly  agitated  in  this  country  is  that  of  the  telegraph 
to  the  East,  which  is  undoubtedly  an  undertaking  of  extreme  utility.  There  is 
a  company  seeking  to  continue  the  telegraph  to  and  through  Egypt  by  way  of 
the  Red  Sea,  and  they  urge  the  great  advantage  it  would  be  in  making  us  more 
independent  of  foreigninfluences ;  but  a  chain  is  always  estimated  by  the  strength 
of  its  weakest  link,  and  there  is  one  weak  link  in  this  proposed  telegraphic  chain, 
and  that  is  the  passage  through  Egypt.  This  latter  point  demands  grave  conside- 
ration.    A  telegraphic  line  established  vid     "*  ~ 


___     __  „__n       ... __, I  vid  Gibraltar,  the  Cape  of  Good  Hope,  and 

Ceylon  would  be  3000  miles  longer  than  the  direct  route,  and  would  no  doubt  cost 
a  considerable  additional  sum ;  but  if  such  a  line  were  established,  the  only  poten- 
tate with  whom  we  should  have  to  contend  for  possession  of  that  telegraph  would 
be  Old  Neptune.  I  wish  our  friend  every  success  in  the  operation  he  is  carrying  on, 
but  I  should  be  better  pleased  to  see  his  name  associated  with  the  successful  com- 
pletion of  an  integral  lme  of  telegraph  to  India. 

There  is  another  subject  to  which  I  would  refer,  and  that  is  the  question  of  tech- 
nical education.  I  think  that  education  of  this  kind  ought  to  be  directed  more 
especially  to  the  branch  which  the  Btudent  intends  to  pursue  in  after  life.  You 
would  not  give  the  same  education  to  the  engineer  tnat  you  would  .give  to  the 
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artist  or  to  the  agriculturist ;  but  all  technical  education  should  be  accompanied  by 
a  sound  knowledge  of  the  elementary  laws  of  mechanics.  Indeed  I  would  nave  this 
knowledge  instilled  into  the  mind  of  the  student  over  and  oyer  again  until  it 
became  almost  a  part  of  his  nature ;  and  I  make  this  observation  on  an  experience 
of  five  and  forty  years.     I  have  known  some  of  our  greatest  engineers  and  most 
eminent  philosophers  make  the  most  discreditable  errors  through  not  having-  been 
thorougly  acquainted  with  the  elementary  laws  of  mechanics,  which,  1  repeat, 
ought  to  form  the  basis  of  all  technical  education**    Before  any  engineer  would 
entrust  a  young  man,  however  well  educated,  with  any  work  of  the  smallest  im- 
portance, he  would  require  that  he  should  have  had  some  practical  acquaintance 
with  the  branch  to  which  that  work  belongs.     I  think,  also,  that  the  theory  on 
which  the  technical  education  of  the  Royal  Engineers  is  conducted  ought  to  be 
modified,  and  that  they  ought  to  have  a  certain  amount  of  practical  apprenticeship 
in  the  great  operations  they  have  to  carry  on;  as,  for  instance,  in  the  construction 
of  forts,  and  especially  before  taking  charge  of  gun  and  other  factories.     I  am  well 
aware  that  Mr.  Whitworth,  who  has  made  such  a  princely  endowment  for  tech- 
nical education,  feels  strongly  on  this  point,  and  he  has  expressed  his  conviction 
that  if  this  principle  were  adopted  vastly  greater  economy  and  efficiency  for  the 
public  service  would  be  attained. 

Looking  at  the  achievements  of  Sir  William  Armstrong  and  Mr.  Whitworth  in 
revolutionizing  the  construction  of  artillery,  we  have  an  example  of  what  can  be 
effected  by  the  concentration  of  the  minds  of  accomplished  mechanicians  upon 
special  subjects. 

In  conclusion  I  may  say  that,  beyond  all  these  things,  we  should  never  lose  sight 
of  that  pursuit  to  which  a  powerful  Commission  has  lirected  its  attention — I  refer 
to  the  application  of  machinery  to  the  economical  working  and  ventilation  of 
mines ;  and  this  being  accomplished,  the  economic  use  of  the  products  of  those 
mines  ought  next  to  engage  attention,  whether  as  applied  to  the  working  of  our 
manufactories  and  the  turning  of  our  spindles,  to  cheering  the  poor  man  in  his 
humble  home,  or  to  propelling  through  the  water  those  ironclads  which  represent 
the  might  and  genius  of  this  great  country— the  might  they  may  represent,  the 
genius  they  caricature. 

On  the  Mechanism  for  utilizing  and  regulating  Convict  Labour. 
By  C.  J.  Appleby. 


On  B.  W.  Thomson's  Patent  Road  Steamer.     By  Professor  Archer. 


An  Improved  Machine  for  Drawing-off9  Measuring,  and  Cutting  Cloth  and 
other  Materials  for  Manufacturing  Purposes.     By  C.  Blyth. 


*  As  a  further  illustration  of  the  want  of  elementary  knowledge,  I  would  allude  to  the 
Aeronautical  Society  for  promoting  aerial  locomotion.  In  this  Society  are  to  be  found  the 
names  of  men  of  considerable  scientific  and  mechanical  reputation  ;  but  it  may  be  easily 
shown  how  vain,  in  any  practical  sense,  is  the  pursuit  upon  which  they  are  engaged. 

Let  us  see  what  amount  of  power  would  be  requisite  to  propel  a  balloon  capable  of  sup- 
porting the  weight  of  one  person  only. 

For  this  purpose  I  will  assume  a  perfectly  calm  atmosphere,  also  that  a  gas  can  be  obtained 
with  sufficient  tension,  but  without  weight,  and  that  the  balloon  can  be  made  of  a  material 
so  light  that  its  weight  may  also  be  omitted  from  the  calculation. 

"With  these  favourable  and  impracticable  conditions,  it  would  require  a  balloon  of  1G  feet 
diameter  to  support,  the  woight  of  a  man  in  our  atmosphere. 

To  propel  this  at  the  speed  of  20  miles  per  hour  (about  one-half  of  that  of  an  express 
train)  would  require  an  engine  of  at  least  live  horse-power. 

It  may,  however,  be  said  that  a  spherical  form  is  not  the  best  adapted  for  displacing  the 
air;  on  the  other  hand,  I  would  observe  that  this  only  holds  in  dead  calms — that  when 
the  course  of  the  balloon  is  across  the  current  of  the  atmosphere  the  resistance  would  be 
increased  in  a  much  greater  ratio* 
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On  London  Sreet  Tramways.    By  H.  Bright. 

The  author  said  the  London  omnibuses  were  notoriously  mismanaged;  and  when 
it  was  remembered  that  there  were  600  of  these  vehicles  in  London,  each  capable 
of  carrying,  on  an  average,  twenty-three  passengers,  the  question  became  an  im- 
portant one.  There  could  be  little  doubt  that  a  judicious  system  of  street  tram- 
ways, or  horse  railways,  would  supply  a  great  and  rapidly  growing  demand,  which 
could  not  be  met  by  steam  locomotion  on  the  ordinary  railway,  where  the  trains 
could  not  work  like  omnibuses,  taking  up  passengers  at  every  moment  when  re- 
quired, but  must  run  through  from  station  to  station.  Street  tramways  had  proved 
a  success  wherever  they  had  been  judiciously  tried,  andwould  doubtless  yield  an 
enormous  profit  if  laid  down  in  London  and  other  large  towns.  They  were  ex- 
tensively used  in  America  and  Canada,  and  had  been  adopted  at  Copenhagen  and 
the  suburbs  of  Paris  j  while  it  was  proposed  to  apply  them  to  Berlin,  Brussels,  and 
Vienna.  The  objection  which  might  be  urged  against  the  interference  of  tramways 
with  the  ordinary  traffic  would  be  met  by  taking  the  many  good  and  available 
lines  afforded  by  back  streets,  taking  care  to  bring  the  line  at  certain  points  into 
close  proximity  to  the  main  traffic.  The  system  he  proposed  to  adopt  was  some- 
what similar  to  that  which  was  at  present  in  use  in  Manchester  ana  Geneva,  the 
vehicle  being  kept  on  the  track  by  means  of  a  wheel,  which  the  driver  could  at  plea- 
sure drop  into  or  lift  up  from  a  grooved  rail  in  the  centre  of  the  track.  The  forma- 
tion of  tne  lines  for  the  carriage- wheels  was  peculiar,  there  being  a  slope  with  a 
depression  of  only  one  inch  for  each  wheel,  wnich  would  be  so  made  as  to  fit  the 
wheel-ways,  while  the  depression  will  be  so  slight  that  it  could  not  obstruct  the 
progress  of  any  ordinary  vehicle.  The  vehicle  would  be  enabled  to  turn  the 
sharpest  curves,  and  would  carry  forty-eight  passengers,  exclusive  of  the  driver 
and  conductor.  It  was  proposed,  by  an  efficient  system  of  breaks,  with  a  carefully 
devised  scheme  of  compensation  for  the  horses,  to  enable  the  driver  to  stop  the 
vehicle  at  any  moment. 

On  the  substitution  of  Hand-  for  Shoulder- guns,  illustrated  by  an  explanatory 
exhibition  of  an  Elevator  Hand-gun  made  on  the  Breech-loading  Principle. 
By  E.  Charlesworth,  F.Q.S. 


On  the  Advisability  of  obtaining  a  Uniform  Wire-  Gauge. 
By  Latimer  Clark,  C.E, 

This  was  in  continuation  of  a  paper  on  the  same  subject  last  year.  The  writer 
showed  that  there  were  many  different  gauges  now  in  use,  and  that  it  had  become 
almost  a  usual  thing  for  each  manufacturer  to  set  up  his  own  gauge.  The  evils  of 
this  system  were  obvious,  and  were  much  felt  by  wire-drawers,  as  well  as  by  en- 
gineers. If  a  gauge  were  authorized  by  the  British  Association,  he  believed  it 
would  be  universally  adopted  by  engineers,  manufacturers,  and  wire-drawers. 
The  gauge  proposed  by  the  writer  differed  very  little  from  that  now  in  use,  and 
known  as  the  Birmingham  gauge ;  and  he  suggested  that  the  question  was  one 
upon  which  the  Association  mignt  appoint  a  Committee. 


An  Improvement  in  Watering  Roads.    By  W.  J.  Cooper. 


Improvements  in  the  Packing  of  Boats,  Lifeboats,  and  Pontoons. 
By  G.  Fawctts. 

This  was  "a  continuation  of  a  paper  read  on  a  former  occasion,  specially  showing 
how  the  author's  system  of  packing  and  stowing  of  boats  was  applicable,  not  only 
to  ordinary  ship's  boats,  but  to  lifeboats  and  to  pontoons. 
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On  the  Unsatisfactory  Character  of  Coroner*9  Inquests  c&nsequent  on  Steam- 
Boiler  Explosions,     By  Layington  E.  Fletcher. 

It  appears  that  since  the  commeupement  of  1835  up  to  the  Ql«t  of  May  l#*t  ibe» 
occurred  in  different  parte  of  the  kingdom  as  many  as  464  explosions,  ty  which 
789  persons  were  killed  and  924  injuretfj  and  these  are  not  all,  as  in  the  earlier 
years  the  records  are  not  complete.  It  may  he  stated,  in  round  numbers,  that 
about  fifty  steam-boiler  explosions  occur  on  an  average  every  year,  resulting  hi  the 
loss  of  seventy  lives.  In  the  author's  opinion,  derived  from  a  very  extended  expe- 
rience, whatever  may  he  the  precise  circumstances  pf  each  case,  the  cause  of  every 
one  may  he  given  in  one  word,  v}z.  neglect,  while  the  simple  preventive  is  ear*. 
The  author  proceeded  to  say,  let  every  cproner  be  empowered  and  instructed,  when 
holding  an  inquiry  on  a  toiler  explosion,  to  call  in  two  competent  and  perfectly 
independent  scientific  engineers  to  investigate  the  cause  of  the  explosion,  and  re- 
port to  the  jury.  These  engineers  should  visit  the  scene  of  the  explosion,  examine 
the  fragments  of  the  boiler,  attend  to  the  inquest,  hear  the  evidence  given  by 
parties  concerned  in  the  charge  of  the  boiler,  and  aid  the  coroner  in  conducting  the 
inquiry ;  while,  in  addition,  they  should  report  to  him,  either  jointly  or  severally, 
on  the  cause  of  the  expioeiqn,  and  accompany  their  report  with  suitable  sealed 
drawings  of  the  exploded  boiler,  showing  its  original  construction  and  the  lines  pf 
fracture  as  well  as  the  flight  of  the  parts,  as  far  as  they  can  be  ascertained.  The 
inquest  to  be  open  to  the  public,  under  the  control  of  the  coroner,  and  also  to  the 
press,  both  scientific  and  general,  so  that  the  entire  proceedings  may  have  as  wide 
a  circulation  as  possible.  A  full  account  of  the  inquiry,  including  the  engineers' 
reports,  accompanied  with  the  sealed  drawings  to  be  printed  and  deposited  at  the 
Patent  Office,  and  to  be  accessible  to  both  the  purchase  and  inspection  of  the 
public,  as  is  at  present  the  case  with  the  specification  of  patents.  Also  a  report  pf 
each  inquiry  to  be  sent  to  the  members  of  both  Houses  of  Parliament  as  issued. 
Such  a  course,  he  thought,  would  stimulate  coroners  to  make  searching  and  fujl 
investigations ;  and  if  at  the  outset  incompetent  engineers  were  selected  by  the 
coroner,  the  publicity  given  to  their  proceedings,  as  recommended  above,  would 
bring  them  under  the  criticism  of  the  press  and  general  engineering  public,  which 
it  is  thought  might  be  relied  on  as  a  corrective.  If  full  investigations  were 
brought  to  bear  upon  boiler  explosions,  and  those  persons  who  produce  them  by 
working  old  worn-out  boilers  were  fairly  brought  to  the  bar  of  public  opinion, 
and  compelled,  when  necessary,  to  compensate  the  widow  and  orphan  lor  the 
results  of  their  negligence,  the  mystery  of  Doiler  explosions  would  soon  be  dispelled, 
and  their  occurrence  put  a  stop  to.  He  considerd  this  plan  superior  to  any  govern- 
ment inspection,  which  led  to  the  fettering  of  trade  and  destroyed  responsibility. 


On  the  Irrigation  of  Upper  Lombardy  by  New  Canals  to  be  derived  from  tfy 
Lakes  Lugano  and  Maggiore.  By  F.  Lb  Nbve  Foster,  Jim.,  C.E. 
The  author,  after  referring  to  the  high  pitch  of  perfection  to  which  irrigation  in 
Lombardy  has  been  carried,  pointed  out  that,  although  the  lower  part  of  Lombardy 
is  well  watered  by  existing  canals,  the  whole  tract  ofcountry  to  the  north  of  Milan, 
extending  to  the  foot  of  the  hills  of  Varese  and  the  Brianza,  is  too  high  to  he 
watered  by  them,  and  is  almost  unirrigated.  The  author  then  described  the  tech- 
nical details  of  a  scheme  undertaken  by  Signori  Villoresi  and  Meraviglia,  by  which 
it  is  proposed  to  irrigate  the  higher  lands  by  canals  from  the  Lake  Lugano  and 
the  lower  lands  by  canals  from  Logo  Maggiore,  this  Lake  being  situated  at  too  low 
a  level  to  water  the  whole  region,  while  the  supply  from  Lugano  is  not  more  than 
sufficient  to  water  half  the  whole  district  Permission  has  been  obtained  from  the 
Swiss  Government  to  store  up  the  flood-waters  of  Lugano,  and  regulate  their  dis- 
charge for  use  in  droughts.  The  same  system  will  be  adopted  in  reference  to  Lago 
Maggiore,  and  works  for  this  purpose,  consisting  of  dams,  gates^  and  locks,  will  be 
erected  in  connexion  with  both  lakes.  The  waters  will  be  distributed  by  principal 
canals — five  in  number,  secondary  canals,  communal  canals,  and  private  canals. 
The  total  number  of  the  works  to  be  constructed,  such  as  locks  (of  which  there 
will  be  forty-seven),  bridges,  aqueducts,  siphons,  &c,  will  be  about  260,  and  the 
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canals  are  estimated  to  supply  8000  horse-power  for  mills  Ac,  and  to  irrigate  and 
thus  improve  the  agriculture  of  400  communes.  The  cost  is  estimated  at  two  mil- 
lions and  a  quarter  sterling.  One  of  the  most  remarkable  features  of  the  scheme  is 
the  manner  in  which  it  is  proposed  to  raise  the  capital :  Consomi.  or  societies  of 
consumers  of  water,  are  to  be  promoted  by  the  local  authorities.  In  this  manner,  the 
provinces,  communes,  and  other  corporate  bodies  bind  themselves  to  take  a  certain 
quantity  of  water,  either  by  payment  of  a  fixed  sum  down  or  by  annual  payments, 
which  payments  they  are  able  to  guarantee  from  the  receipts  they  will  derive  from 
the  sale  of  the  water  to  the  various  consumers,  or,  if  necessary,  from  their  other 
sources  of  revenue,  and  the  capital  is  raised  on  bonds  issued  on  this  basis.  The 
concession  is  granted  for  ninety  years,  after  which  the  works  become  the  property 
of  the  State.    The  works  will  probably  be  commenced  in  the  course  of  the  autumn. 


Description  of  a  Ventilating  Fireplace,  with  Experiments  upon  its  Heating 
Power  as  compared  with  that  of  ordinary  Fireplaces.  By  Capt.  D.  Galtoh, 
C.B.,  F.RS. 

By  means  of  very  simple  arrangements,  described  by  the  author,  but  which  are 
unintelligible  without  diagrams,  the  rooms  are  heated,  by  an  open  fireplace  of  an 
ordinary  character,  whilst  the  heat  which  would  otherwise  be  lost  in  passing  up 
the  chimney  is  utilized  in  warming  a  current  of  fresh  air  from  without,  brought 
in  for  the  supply  of  the  room.  The  author  stated  that  it  waa  now  largely  used  in 
barracks,  ana  its  introduction  had  been  attended  with  marked  benefit  both  for  the 
health  and  comfort  of  the  troops.  Upwards  of  5000  had  been  erected  in  various 
places,  and  were  now  in  use,  and  it  was  no  longer  an  experiment.  The  stove 
was  not  expensive,  and  the  arrangements  could  be  adapted  to  existing  buildings. 


The  Broads  of  East  Norfolk,  having  reference  to  tJie  Water-supply ',  Stowage, 
and  Drainage.     By  R.  B.  Grantham,  O.B. 

The  author  commenced  bv  alluding  to  the  derivation  of  the  word  u  Broa4  "  from 
the  Anglo-Saxon  Bradan  or  Bradene,  meaning  to  make  broad.  Brevdon  Water,  near 
Yarmouth,  has  undoubtedly  the  same  derivation.  As  Inspector  of  Drainages  under 
the  Land-Drainage  Act,  he  had  visited  the  neighbourhood  to  report  upon  soma 
applications  for  drainage,  and  while  there  he  was  struck  by  the  existence  of  such 
large  and  singular  bodies  of  water,  of  which  he  could  find  no  similar  instance 
except  on  the  opposite  coast  of  Holland. 

The  particular  object  of  the  paper  was  to  point  out  the  uses  to  which  these 
11  Broads "  might  be  put  as  a  means  of  water-supply  and  storage  to  towns  and 
villages,  and  also  to  show  that  the  improvement  oi  the  surrounding  land  might  be 
effected  by  combined  drainage  systems.  The  supply  of  water  toxarmouth  from 
Ormesby,  Kollesby,  and  Filby  Broads  (about  600  acres)  was  referred  to  as  an 
instance  of  water-supply,  and  the  improvements  carried  out  at  Martliam,  Somerton 
and  Winterton,  and  Beccles  were  mentioned  as  cases  of  combined  drainage 
systems. 

Geologically  considered,  this  part  of  Norfolk  consists  of  posttertiary,  alluvial, 
lacustrine,  and  estuarine  deposits,  contorted  sand-beds,  Upper  and  Lower  Boulder? 
clays,  laminated  beds  of  clay  resting  on  Norwich  Crag,  which  lies  partly  upon  the 
Chalk,  which  is  about  400  feet  thick,  and  dips  towards  the  south-east,  and  partly 
upon  the  London  Clay.  The  waters  conforming  to  the  slope  of  the  Chalk  are  dia- 
cnarged  into  the  sea  at  Yarmouth.  The  collection  of  the  Museum  at  Norwich 
contains  the  characteristic  fossils  of  the  different  formations. 

According  to  history,  it  was  shown  that  the  sea  at  one  time  flowed  up  to  No?r 
wich,  and  enabled  ships  to  sail  up  there. 

The  author  then  proceeded  to  describe  the  general  character  of  the  valleys  of  the 
Yare,  the  Bure,  and  the  Waveney,  giving  their  respective  areas  j  the  Yare  con- 
taining 533,  Bure  338,  Waveney  339  square  miles,  making  a  total  of  1210  square 
miles. 

lie  then  explained  what  he  conceived  to  be  the  origin  of  the  "  Broads."    Tha 


Digitized  by 


Google 


192  keport — 1868. 

sea  receding  from  these  valleys  left  wide  channels  in  the  low  parts  of  the  country 
which  became  receptacles  for  the  drainage.  The  growth  and  decay  of  vegetatkm 
and  ihe  detritus  brought  down  by  the  streams  {gradually  narrowed  the  cnannp^ 
and  confined  them  to  the  present  course  of  the  rivers.  Large  spaces  were,  how- 
ever, left  occupied  by  the  water,  which  are  now  termed  "  Broads."  They  are 
thirty  in  number,  and  vary  in  size  from  578  to  11}  acres. 

The  mean  rainfall  in  the  country  for  seven  years  is  24*41  inches. 

The  depths  of  the  u  Broads  "  were  stated  as  varying  considerably.  Some  of  the 
bottoms  of  them  are  on  a  level  with  the  sea  at  low  water  at  Yarmouth. 

All  the  "  Broads  "  are  supplied  by  the  streams  from  the  minor  valleya  and  It 
springs,  and  there  is  no  doubt  that  they  are  of  great  service  in  times  of  flood, 
when  they  store  up  the  flood-waters  and  prevent  them  from  overflowing  the  lands 
below;  and  it  is  in  the  capacity  of  reservoirs  that  all  these  " Broads ,r  might  be 
made  most  useful. 

With  regard  to  the  drainage,  the  author  was  of  opinion  that  the  marshes  which 
surround  them  might  be  treated  in  a  similar  manner  to  those  at  Winterton  and  at 
Hemesby.  The  injurious  effects  of  marshes  upon  health  are  well  known,  and  he 
therefore  thought  the  reclamation  would  remove  the  cause. 


An  Improved  Centrifugal  Pump.    By  J.  H.  Gwynne. 


On  the  Noted  Slate-veins  of  Festiniog.    By  S.  Jenkins. 


On  some  Points  affecting  the  Economical  Manufacture  of  Iron. 
By  John  Jones,  F.Q.S. 
The  author  estimated  the  production  of  pig  iron  in  Great  Britain  at  4,500,000 
tons  per  annum,  and  the  make  of  finished  iron  at  about  3,000,000  tons.  The  author 
adduced  these  statistics  to  show  the  immense  issues  involved  in  the  improvements 
he  wished  to  notice.  The  author  then  referred  to  the  economical  application  of 
fuel  in  the  iron-manufacture,  more  particularly  in  the  finished  iron  processes,  and 
remarked  that  the  newer  blast-furnace  plant  left  little  to  be  accomplished  in  the 
economical  use  of  fuel,  except  in  utilizing  the  waste  products  given  off  in  coking 
the  fuel  In  puddling,  however,  great  waste  of  fuel  went  on,  and  two  modifica- 
tions of  the  ordinary  puddling-furnace  were  to  be  noticed  as  calculated  to  save 
from  20  to  25  per  cent,  of  fuel,  and  to  consume  all  the  smoke  usually  produced. 
The  Wilson  furnace,  in  its  most  recently  improved  form,  consisted  of  a  sloping 
chamber,  into  which  the  fuel  was  fed  at  the  top ;  and  the  volatile  matters  gene- 
rally forming  smoke  were  reduced  by  passing  over  the  incandescent  mass  of  fuel 
further  along  the  chamber.  The  air  for  combustion  was  delivered  into  the  furnace 
in  a  heated  condition,  and  a  steam-jet  was  delivered  underneath  the  grate,  by 
means  of  which  the  formation  of  clinkers  was  avoided.  The  Newport  furnace, 
Middlesborough,  had  a  chamber  constructed  in  the  ordinary  chimney-stack ;  and 
in  this  were  placed  a  couple  of  cast-iron  pipes,  with  a  partition  reaching  nearly  to 
the  top.  These  pipes  were  heated  by  the  waste  gases  from  the  puddling-furnace, 
and  through  them  the  air  required  for  combustion  was  forced  by  means  of  a  steam- 
jet,  and  was  thus  delivered  in  front  of  the  grate  in  a  highly  heated  condition. 
These  furnaces,  of  which  a  considerable  number  were  in  operation  at  the  Newport 
works,  effected  a  saving  of  at  least  25  per  cent,  in  fuel.  The  structural  modifica- 
tions would  involve  comparatively  little  outlay,  and  the  saving  to  be  effected  would 
recoup  that  outlay  in  a  single  year.  The  economy  represented  by  applying  the 
new  plans  to  the  whole  iron  trade  would  amount  to  aoout  1,500,000  tons  of  coal 
per  annum.  The  author  next  proceeded  to  describe  the  manufacture  of  iron  by 
what  is  termed  the  Kadcliffe  process,  which  had  been  for  some  time  in  operation  at 
the  Consett  Ironworks,  Newcastle.  The  puddled  iron,  which  was  usually  rolled 
into  rough  bars,  straightened  and  weighed,  allowed  to  get  cool,  then  cut  up,  piled, 
heated,  rolled  into  blooms,  reheated,  and,  finally,  rolled  into  finished  iron,  after  a 
complicated  series  of  operations,  was,  by  the  new  method,  finished  off  by  a  con- 
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tinuous  and  simple  process.  Five  or  more  puddled  balls  were  pat  together  into  a 
large  bloom,  under  a  very  heavy  steam-hammer,  shingled  down  into  a  bloom, 
passed  for  a  short  time  through  a  heating-furnace,  and  rolled  off  into  finished  iron 
not  more  than  half  an  hour  alter  the  iron  left  the  puddling-furnace.  Specimens  of 
iron  made  by  the  process  were  exhibited.  A  exeat  saying  in  the  cost  of  manufac- 
ture was  represented  by  this  process  in  all  departments  of  the  manufacture  of 
finished  iron  j  and  it  was  calculated  that  a  saving  of  1,500,000  tons  of  coal  alone 
would  result  from  the  general  application  of  this  system.  Particular  stress  was 
laid  upon  the  fact  that,  in  carrying  out  this  process,  no  extensive  or  expensive 
alteration  of  existing  works  was  required,  and  a  saving  of  from  8 J  to  4  cwt  of 
puddled  iron  would  be  secured  upon  each  ton  of  finished  rails  or  plates  now  turned 
out,  the  cost  of  making  malleable  iron  being  reduced  to  a  very  considerable  extent. 
The  importance  of  the  whole  question,  in  a  national  point  of  view,  was  also  dwelt 
upon.  _____ 

On  the  recent  Progress  of  Steel  Manufacture.    By  FfiBDnrAin)  Kohk. 

The  author  had,  at  the  previous  Meeting  at  Dundee,  drawn  attention  to  a  pro- 
cess of  manufacturing  steel  upon  the  open  hearth  of  a  Siemens's  furnace  by  the 
mutual  reaction  of  pig  iron  and  wrought  iron  upon  each  other — a  process  which 
had  at  that  time  commenced  to  gain  ground  upon  the  Continent,  but  had  not  been 
brought  into  commercial  practice  in  this  country.  This  process,  which  had  been 
named  the  Martin  process  by  its  inventors,  Messrs.  E.  and  P.  Martin,  in  Paris, 
should,  in  justice  to  both  the  inventors  to  whom  its  success  was  due,  obtain  the 
name  Siemens-Martin  process. 

The  Siemens-Martin  process  had  within  this  last  year  been  brought  into  opera- 
tion in  this  country  at  the  Newport  Steel  Works,  in  Middleborough-on-Tees,  be- 
longing to  the  well-known  firm  of  Messrs.  Samuelson  and  Co. ;  and  it  had  been 
worked  with  great  regularity  and  with  very  satisfactory  results,  employing  in  a 
very  considerableproportion  the  puddled  iron  from  the  Cleveland  district  as  the 
raw  material  The  Siemens-Martin  process  realized  the  old  idea  of  melting 
wrought  iron  in  a  bath  of  liquid  pig  iron,  and  thereby  converting  the  whole  mass 
into  steel.  The  principal  elements  of  its  successful  operation,  and  the  points  which 
distinguish  it  from  all  previous  unsuccessful  attempts,  are  the  high  tempera- 
ture and  the  neutral  or  non-oxidizing  flame  of  the  regenerative  gas-furnace,  and 
the  method  of  charging  the  decarburized  iron  into  the  bath  of  pig  iron  in  mea- 
sured quantities,  which  are  added  at  regular  intervals,  so  that  each  following 
charge  in  melting  or  being  dissolved  increases  the  quantity  and  the  dissolving 
power  of  the  bath  until  the  stage  of  complete  decarburization  is  arrived  at.  The 
operation  is  then  completed  by  the  addition  of  pig  iron  containing  manganese; 
and  by  regulating  the  quantity  of  that  addition,  any  desired  degree  of  hardness 
could  be  obtained  with  certainty.  The  prime  cost  of  the  Siemens-Martin  steel  did 
not  exceed  that  of  Bessemer  steel,  made  from  hematite  iron  in  this  country.  The 
author  did  not  apprehend  any  danger  for  the  Bessemer  process  from  the  competi- 
tion of  this  new  mode  of  steel  manufacture,  which,  working  with  different  raw 
materials,  could  only  assist  and  stimulate  the  Bessemer  process  and  the  spread  of 
steel  manufacture  in  general  

On  the  Abrading  and  Transporting  Power  of  Water*    By  T.  Login,  F.BJ3.R 

On  the  Necessity  for  further  Experimental  Knowledge  respecting  the  Propulsion 
of  Ships.    By  Chaklbs  W.  Mereifibld,  F.RJ3. 

The  author  began  with  a  short  review  of  what  was  already  known  on  the  sub- 
ject of  the  law  ol  the  resistance  to  which  a  ship  was  subjected  by  its  having  to 
force  its  way  through  the  water.  The  author  snowed  that  although  there  was  a 
general  consent  that  the  resistance  varied,  with  a  certain  degree  of  approximation, 
according  to  the  law  of  the  square  of  the  velocity,  yet  there  was  abundant  proof 
that  that  law  was  inexact,  ana  that  the  nature  and  causes  of  this  discrepancy, 
although  much  discussed,  were  still  in  need  of  experimental  determination.    He 
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considered  that  the  first  requisite  was  to  have  the  direction  and  velocity  of  tat 
currents  of  water  which  accompany  a  ship's  motion  determined  by  actual  observa- 
tion. For  this  purpose  he  submitted  to  the  Section  a  rough  scheme  of  experi- 
ments, which,  however,  he  wanted  to  get  corrected  by  the  experience  of  a  Com- 
mittee of  the  Association.  He  suggested  that  a  vessel  of  the  corvette  claa*  should 
(at  separate  times)  be  towed,  and  also  driven  by  her  own  screw,  instruments 
being  used  to  measure  both  the  power  employed,  the  speed  of  the  vessel,  and  the 
velocity  and  direction  of  the  accompanying  water,  at  various  rates  of  speed.  He 
pointed  out  serious  difficulties  in  ascertaining  the  direction  of  the  currents  of 
water,  and  was  unable  to  suggest  for  this  purpose  anything  better  than  direct 
vision.  The  author  exhibited  certain  instruments  for  assisting  the  eye  in  looking 
through  the  disturbed  surface, — one  of  them  being  a  common  water-glass,  a  simple 
trumpet  with  a  sheet  of  plate  glass  at  the  bottom,  which  was  dipped  below  the 
water,  the  other  being  Arago's  scopeloscope.  He  also  described  an  electrical  log, 
patented  by  M.  Anfonso,  of  Mende.  But  he  thought  all  these  things  required 
further  consideration.  He  proposed  to  apply  for  a  Committee  of  the  Association 
to  discuss  the  subject,  with  a  view  of  considering  what  experiments  might  best  be 
made ;  and  if  the  Committee  were  of  opinion  that  satisfactory  results  might  be 
expected  from  such  experiments,  then  to  memorialize  the^ Admiralty  to  detail 
vessels  and  officers  for  the  purpose  of  carrying  them  out  in  the  course  of  the 
summer.  

On  Dynamite,  a  recent  Preparation  of  ffltro-glycerine,  as  a  Blasting  Agent 

By  A.  Nobel. 

The  author  stated  that  by  mixing  nitro-glycerine  and  powdered  silica  in  the 
proportions  of  75  per  cent,  of  the  former  to  25  per  cent  of  the  latter,  a  substance 
was  obtained  which,  while  it  retained  all  the  valuable  properties  of  nitro-glycerine 
for  blasting,  was  no  longer  dangerous,  inasmuch  as  it  could  be  handled  freely,  and 
did  not  explode  by  fire  alone,  or  when  accidentally  subjected  to  percussion.  He 
instanced  experiments  lately  made  at  Glasgow  and  Merstham.  A  box  containing 
about  8  lbs.  of  dynamite  (equal  in  power  to  80  lbs.  of  gunpowder)  was  placed  over 
a  fire,  where  it  slowly  burned  away ;  and  another  box  with  the  same  quantity 
was  hurled  from  a  height  of  more  than  60  feet  on  the  rock  below,  no  explosion 
ensuing  from  the  concussion  sustained  It  appeared  that  the  explosion  when  required 
was  produced  by  means  of  a  percussion-cap,  which  acted  both  by  percussion  and 
by  fire,  the  combination  of  the  two  producing  the  effect,  whilst  neither  alone  was 
effective.  The  value  of  the  material  as  a  blasting  agent  appeared  to  be  very  great; 
and  if  it  be  as  safe  as  the  author  believes,  it  cannot  fail  to  be  of  great  assistance 
both  to  the  engineer  and  the  miner. 

On  a  Probable  Connexion  between  the  Resistance  of  Ships  and  their  Mean  Depth 
of  Immersion.    By  Prof.  W.  J.  Macquoen  Rajtedte,  C.R,  LL.D.,  F.RJS. 

The  author,  after  referring  to  previous  researches  of  his  own  and  of  Mr.  Scott 
Russell  in  relation  to  waves,  stated  that  the  object  of  his  paper  was  to  call  the 
attention  of  the  British  Association,  and  especially  of  the  Committee  on  steam- 
ship performance,  to  the  probable  existence  of  an  element  in  the  resistance  of 
ships  hitherto  neglected,  viz.  that  every  ship  is  accompanied  by  waves  whose 
natural  speed  depends  on  the  virtual  depth  to  which  she  disturbs  the  water*,  and 
that  consequently,  when  the  speed  of  a  ship  exceeds  that  natural  speed,  there  is 
probably  an  additional  term  in  the  resistance  depending  on  such  excess.  The 
author  suggests  that  suitable  observations  and  calculations  should  be  made  in 
order  to  discover  its  amount  and  its  laws.  Amongst  observations  which  would  be 
serviceable  for  that  purpose  might  be  mentioned  the  measurement  of  the  angles  of 
divergence  of  the  wave-ridges  raised  by  various  vessels  at  given  speeds,  and  the 
determination  of  the  figure  of  those  ridges,  which  were  well  known  to  be  curved; 
and  amongst  the  results  of  calculation  the  mean  depth  of  immersion  as  found  by 
dividing  the  volume  of  displacement  by  the  area  of  the  plane  of  floatation,  and  that 

•  Let  A;  be  the  virtual  depth  of  disturbance;  the  nature  tjgk. 
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not  only  for  the  whole  ship,  but  for  her  fore  and  after  bodies  separately,  it  being 
probable  that  the  virtual  depth  of  uniform  disturbance,  if  not  equal  to  the  mean 
depth  of  immersion,  is  connected  with  it  bv  some  definite  relation.  In  an  appen- 
dix the  author  gave  the  results  of  three  observations  he  had  been  able  to  make ; 
and,  few  as  they  had  been,  he  thought  they  were  sufficient  to  prove  the  existence 
of  waves  whose  speed  of  advance  depended  on  the  depth  to  which  the  vessels 
disturbed  the  water.  The  connexion  between  these  waves  and  the  resistance  re- 
mained for  future  investigation.       

Auxiliary  Railway  for  Turnpike  Boads  at^d  Highways  passing  through  Towns* 

By  W.  Thorold. 
The  author  stated  that  he  only  required  a  single  line  of  rails,  which  he  proposed 
should  be  laid  on  one  side  of  the  road,  out  of  the  way  of  the  ordinary  traffic.  By 
an  arrangement  of  grooved  wheels  under  the  [centre  of  the  engine  and  carriages,  so 
constructed  that  they  will  be  capable  of  maintaining  their  grip  upon  curves  of  20- 
feet  radius,  thereby  giving  the  vehicles  the  power  of  turning  corners  with  the 
greatest  facility,  the  inventor  thinks  his  principle  peculiarly  adapted  to  locomotion 
through  new  countries,  and  for  passing  tnrougn  ravines,  or  up  and  down  the  sides 
of  mountains,  up  any  gradient  not  exceeding  1  in  12.  lie  proposed  to  propel  the 
carriages  by  steam-traction  engines,  although  they  might  also  be  drawn  by  horses 
or  other  beasts  of  burden.  The  adhesion  of  the  traction- wheels  could  be  regulated 
to  any  weight,  and  by  the  application  of  a  special  apparatus  the  engine  might  be 
made  to  lift  the  traction-wheels  out  of  a  soft  place.  The  cost  of  the  new  railway 
he  estimated  at  about  £500/.  per  mile. 

The  arrangements  employed  for  the  distribution  of  Water  to  towns  and  dwell- 
ings in  the  Middle  Ages.    By  the  Rev.  Professor  Willis,  F.B.8. 


On  the  Proper  Form  of  Projectiles  for  Penetration  under  Water* 
By  Joseph  Whitwokth,  LL.D.,  F.R.8. 

The  author  exhibited  a  photograph  showing  the  actual  effect  produced  on  an 
iron  plate  in  an  experiment  made  by  him  with  three  descriptions  of  projectiles. 
The  iron  plate  shown  in  the  photograph  is  50  in.  long,  18  wide,  1*2  in.  thick,  and 
was  immersed  in  water  39  in.  deep.  The  gun  used  was  the  1-pounder,  from  which 
all  the  former  experiments  were  made  previous  to  the  first  penetration  of  4-in. 
armour  from  his  70-pounder  rifled  gun  in  October  1858.  The  angle  of  depression 
of  the  gun  was  7°  7",  the  distanco  which  the  projectile  passed  through  the  water  from 
the  point  of  entering  it  to  the  bull's-eye  is  oO  inches.  No.  1  projectile  is  Whitworth 
steel,  and  of  the  flat-headed  form  always  advocated  by  the  author  for  use  at  sea.  The 
photograph  showed  that  it  was  not  deflected  bypassing  through  the  water.  No.  2 
shot,  witn  hemispherical  form  of  head,  was  deflected,  and  struck  9J  in.  above  the 
bull's-eye.  No.  3  projectile  is  of  white  cast  iron,  commonly  called  the  Palliser,  or 
chilled  shot,  and  it  struck  19  in.  above  the  bull's-eye,  its  conical  form  of  head  causing 
it  to  rise  quickly  out  of  the  water.  The  advantages  of  No.  1  projectile  are,  first,  its 
power  of  penetration  when  fired  even  at  extreme  angles  against  armour  plates ; 
secondly,  its  large  internal  capacity  as  a  shell;  thirdly,  the  capability  of  passing 
through  water  and  of  penetrating  armour  below  the  water  line.  The  No.  3  projectile 
is  advocated  by  Major  Palliser,  on  account  of  its  cheapness  and  its  power  of  penetra- 
tion, which  latter  quality,  however,  depends  upon  its  Deing  fired  at  a  near  approach 
to  right  angles  against  armour  plates ;  its  adoption  is  also  supported  by  the  Ihrector 
of  Ordnance  (at  the  War  Office)  and  the  President  of  the  Ordnance  Select  Committee. 
The  author  regretted  that  he  had  for  so  many  years  been  so  frequently  obliged  to  differ 
in  opinion  on  mechanical  subjects  with  thesegentlemen.  His  objections  to  this  pro- 
jectile are,  first,  that  when  it  is  fired  at  any  considerable  angle  against  an  armour 
plate  its  form  induces  it  to  glance  off,  and  the  brittfeness  of  the  metal  causes  it  to 
break  up ;  and  it  is  to  be  observed  that  in  naval  actions  oblique  fire  is  the  rule,  and 
direct  fire  is  the  rare  exception ;  second,  that  the  brittleness  and  consequent  weak- 
ness of  the  metal  necessitate  a  greater  thickness  of  the  sides,  and  reduce  its  internal 

13* 


Digitized  by 


Google 


196 


REPORT — 1868. 


capacity  aa  a  shell ;  and,  third,  that  its  form  renders  it  useless  for  penetration  under 
water.  If  the  First  Lord  of  the  Admiralty  would  hare  a  few  rounds  fired  at  sea 
from  the  Whitworth  7-in.  gun  and  the  Woolwich  7-in  gun,  with  each  kind  of 
projectile,  at  a  range  of,  say,  500  yards,  and  at  various  angles,  against  an  armour 
plate  fixed  on  the  side  of  an  old  ship,  the  result  would  show  which  description  of 
projectile  was  the  best  adapted  for  the  service.  This  power  of  penetration  under 
water,  with  the  flat-fronted,  projectile,  was  first  brought  by  Mr.  Whitworth  under 
the  notice  of  the  War  Office  and  the  Admiralty  in  1857,  simultaneously  with  the 
introduction  of  armour  plating;  and,  by  desire  of  the  late  Lord  Harmnge,  who 
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was  then  Commander-in-Chief,  a  24-pounder  howitzer  was  rifled  and  was  sent, 
-with  some  projectiles,  for  trial  to  Portsmouth.  The  experiment  was  perfectly 
successful  Capt.  Hewlett,  of  the  ship  *  Excellent/  says,  in  his  report  to  the  Admi- 
ralty, January  25th,  1858,  "  The  penetration  into  wood  at  this  depth  under  water 
has,  I  believe,  never  before  been  obtained."  In  1864  the  matter  was  brought  be- 
fore the  Armstrong  and  Whitworth  Committee,  and  an  experiment  was  made  from 
the  ( Stork*  gunboat  with  a  Whitworth  70-poundergun.  On  that  occasion  the  pro- 
jectile penetrated  at  8*75  feet  under  water  the  aide  of  the  '  Alfred,'  which  was  of  oak 
24  in.  thick. 
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On  Patent  Monopoly  as  affecting  die  Encouragement,  Improvement,  and  Pro- 
gress of  Science,  Arts,  and  Manufactures.  By  Hekbt  Dibctls,  O.En 
LL.D.,  $c. 

The  object  of  this  paper  was  to  show  that  patent  monopoly  had  for  centuries 
been  conceded  to  inventors,  but  that  up  to  the  early  part  of  the  eighteenth  century 
inventors  were  not  bound  to  describe  any  particular  kind  of  machine  or  process, 
and  that  the  first  descriptive  specification  dates  no  earlier  than  3rd  October,  1711. 
Especial  notice  was  taken  of  tne  abuses  of  the  system  during  the  reign  of  Queen 
Elizabeth,  and  the  successive  improvements  in  Patent  Law  nom  the  accession  of 
James  I.  to  the  present  time.  As  inventors  can  have  no  protection  beyond  a 
patented  or  a  secretprocess,  it  is  shown  that  secret  inventions  are  a  truer  monopoly 
than  patent  right  affords,  while  at  the  same  time  secrets  are  open  to  the  practice,  of 
every  species  of  deception.  Tables  were  exhibited  of  Patent  Inventions  chrono- 
logically arranged,  from  March  1617  (14  James  I.)  to  October  1852,  when  the  first 
great  improvement  took  place  in  reducing  patent  fees  to  at  least  one-third  of  their 
usual  previous  cost ;  and  reign  by  reign  patent  progress  bore  no  comparison  with 
what  is  made  in  that  of  the  present  reign.  There  were  only  4  patents  per  annum 
during  the  reign  of  James  I.,  62  per  annum  in  that  of  George  ILL,  ana  not  above 
297  per  annum  up  to  1853,  or  twenty-three  years  of  Victoria,  whereas  they  now 
rate  at  3000  per  annum.  By  other  tables  was  shown  the  number  of  patents  from 
the  eighteenth  to  the  nineteenth  century  obtained  by  various  eminent  patentees, 
all  contributing  to  show  the  decided  advantages  reaped  by  arts,  science,  and  manu- 
factures through  improved  liberal  patent  laws. 
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Crustacea,  Rev.  A.  Merle  Norman  on 
the,  ■procured  by  the  Shetland  Dredg- 
ing Committee,  247. 


Crustacea,  fossil,  Henry  Woodward  on 

the  structure  and  classification  of,  72. 
Ctenophora  dredged  in  the  Shetland 

and  adjacent  seas,  820. 
Ctenostomata  dredged  in  the  Shetland 

and  adjacent  seas,  311. 
Cyanide  of  ethylene,  Thomas  Fairley  on, 

519. 
Oyanoform,  on,  619. 
Cyanogen,  on,  519. 
Cyclostomata  dredged  in  the  Shetland 

and  adjacent  seas,  309. 
Cumacea  dredged  off  the  Shetlands,  270. 
Cumberland  rainfall  in  1866  and  1867, 

461. 

Dalton's  researches  on  the  secretion  of 
bile,  194. 

Dangers  attending  the  administration  of 
methyl  and  allied  compounds,  181. 

Daubrle  (M.)  on  the  synthesis  of  mete- 
orites, 415. 

De  La  Rue  (Warren)  on  mapping  the 
surface  of  the  moon,  1 ;  on  tidal  ob- 
servations, 489. 

Denbigh  rainfall  in  1866  and  1867, 463. 

Derbyshire  rainfall  in  1866  and  1867,458. 

Devon  rainfall  in  1866  and  1867,  456. 

Diatoms,  Prof.  Dickie  on  some,  from  the 
inside  of  Echinus  Norvegicus,  238. 

Dickie  (Prof.)  on  some  diatoms  from  the 
inside  of  Echinus  Norvegicus.  238. 

Dircks  (H.)  on  a  uniformity  or  weights 
and  measures,  484. 

Dogs,  on  the  amount  of  bile  secreted  in, 
188;  observations  to  determine  how 
far,  are  subject  to  the  action  of  mer- 
cury, 201;  experiments  made  oh,  to 
determine  the  action  of  mercury  as  a 
cholagogue,  203. 

Dorset  rainfall  in  1866  and  1867,  455. 

Down  rainfall  in  1866  and  1867,  472. 

Dublin  rainfall  in  1866  and  1867.  471. 

Dumbarton  rainfall  in  1866  and  1867. 
469. 

Dumfries  rainfall  in  1866  and  1867, 465. 

Duncan  (Dr.  P.  Martin)  on  the  British 
fossil  corals,  75. 

Durham  rainfall  in  1866  and  1867, 461. 

Earth,  observations  to  determine  whether 
the  stars  are  moving  towards  or  from 
the,  152. 

Echinodermata,  Rev.  A.  Merle  Norman 
on  the,  procured  by  the  Shetland 
Dredging  Committee,  247,  254,  812. 

Echinoidea  dredged  in  the  Shetland  and 
adjacent  seas,  314. 

Edinburgh  rainfall  in  1866  and  1867, 
464.  ' 
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Electrical  excitation,  on  the  influence  of. 
during  the  action  of  methyl  and  ethyl 
compounds,  180. 

England,  heights  of  August  meteors  ob- 
served in,  378. 

and  Wales,  tables  of  monthly  rain- 
fall in  1866  and  1867,  450. 

Eocene  formation,  British,  fossil  corals 
from  the.  82. 

Essex  rain&ll  in  1866  and  1867, 453. 

Ethyl  and  methyl  compounds,  analysis 
of  various  phenomena  connected  with 
certain  of  the,  173 ;  physical  changes 
of  blood  produced  by  different,  173 ; 
influence  of,  on  the  circulation  and 
respiration,  175 ;  influence  of,  on  the 
animal  temperature,  178 ;  influence  of 
electrical  excitation  during  the  action 
of,  180;  dangers  attending  the  ad- 
ministration of,  181;  on  the  neutra- 
lization of  some  poisons  by  the,  184. 

Evans  (John)  on  the  exploration  of 
Kent's  Cavern,  Devonshire,  45. 

Everett  (Prof.  J.  D.)  on  the  rate  of  in- 
crease of  underground  temperature 
downwards  in  various  localities  of  dry 
land  and  under  water,  510. 

Ewart  (W.)  on  a  uniformity  of  weights 
and  measures,  484. 

Eyre  (General  Sir  "Vincent)  on  the  de- 
sirability  of  an  exploration  being  made 
of  the  district  between  the  Brahma- 
putra, the  Upper  Irawadi,  and  the 
Yang-tse-Kiang,  480. 

Fairbairn  (W.)  on  a  uniformity  of  weights 
and  measures,  484. 

Fairley  (Thomas)  on  polyatomic  cya- 
nides, 519. 

Falling  stars,  G.  V.  Schiaparelli's  notes 
and  reflections  on  the  astronomical 
theory  of,  407. 

Farr  (Dr.)  on  a  uniformity  of  weights 
and  measures,  484. 

Fellows  (Frank  P.)  on  a  uniformity  of 
weights  and  measures,  484. 

Fermanagh  rainfall  in  1866  andl867,472. 

Fife  rainfall  in  1866  and  1867,  467. 

Fischer  (Prof.)  on  tidal  observations,  489. 

Fish,  Dr.  Giinther  on  some  small,  dredged 
off  the  Shetland  Isles,  238. 

Flint  implements  found  in  Kent's  Cavern, 
Devonshire,  49,  54. 

Flint  rainfall  in  1866  and  1867,  463. 

Flint's  (Dr.)  experiments  on  the  secre- 
tion of  bile,  194. 

Foraminifera,  Edward  Waller  on  the, 
dredged  off  the  Shetland  Isles,  340. 

Forbes  (Principal)  on  the  rate  of  increase 
of  underground  temperature,  510. 


Forfar  rainfall  in  1866  and  1867, 460. 
Formiate  of  ethyl,  on  the  physiological 

action  of,  183. 
Fossil  corals,  British,  Dr.  P.  Martin 

Duncan  on,  75. 
Crustacea,  Henry  Woodward  on 

the  structure  and  classification  of  the. 

72. 
Frankland  (Prof.)  on  a  uniformity  of 

weights  and  measures,  484. 
Eraser  (Dr.)  on  the  action  of  mercury  on 

the  secretion  of  bile,  187. 
Fuller  (Prof.J  on  tidal  observations,  489. 
Fungidie,  British  fossil,  97. 

Galle's  (Dr.  J.  G.)  report  on  the  shower 
of  aerolites  at  Puttusk,  Poland,  and 
the  meteors  path  in  space,  388. 

Galway  rainfall  in  1866  and  1867, 471. 

Gamgee  (Dr.)  on  the  action  of  mercury 
on  the  secretion  of  bile,  189. 

Gassiot  (J.  P.)  on  tidal  observations,  489. 

Gasteropoda,  marine,  dredged  in  the 
Shetland  and  adjacent  seas,  241. 

,  freshwater,  246. 

Geikie  (Archibald)  on  the  rate  of  in- 
crease of  underground  temperature. 
510. 

Glaisher  (James)  on  mapping  the  surface 
of  the  moon,  1 ;  on  luminous  meteors, 
344;  on  the  rainfall  of  the  British  Isles, 
432 ;  on  the  rate  of  increase  of  un- 
derground temperature,  510. 

Glamorganshire  rainfall  in  1866  and 
1867,  463. 

Gloucestershire  rainfall  in  1866  and 
1867,  457. 

Glover  (Dr.  George)  on  a  uniformity  of 
weights  and  measures,  484 

Graham  (Rev.  Dr.)  on  the  rate  of  in- 
crease of  underground  temperature. 
510. 

Greensand,  Upper,  fossil  corals  from  the, 
94. 

Greg  (Robert  P.)  on  luminous  meteors, 
344;  list  of  radiant-points  of  meteoric 
showers,  401. 

Griffith  (Charles  II.),  notes  on  August 
meteors,  1868,  at  Winchfield,  427. 

Giinther  (Dr.)  on  some  small  fish,  dredged 
offtheShetlands,  238. 

Gymnochroa,  321. 

Haddington  rainfidl  in  1866and  1867,464. 
Haidinger's  (Dr.)  reports  on  aerolites, 

387,  389. 
Haller's  (Dr.)  researches  on  the  secretion 

of  bile.  188. 
Hampshire  rainfall  in  1866  and  1867, 

452. 
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Haughton  (Prof.)  on  tidal  observations, 

489. 
Hawksley  (T.)  on  the  rainfall  of  the 

British  Isles,  482, 
Health,  effect  of  loss  of  bile  upon,  231. 
Heights  of  August  meteors  observed  in 

England  in  1868,  878. 
Heis  (Prof.)  on  the  heights  of  shooting- 
stars,  886 ;  list  of  radiant-points  of 

meteoric  showers,  405. 
Hennessy  (Prof.)  on  a  uniformity  of 

-weights  and  measures,  484. 
Herefordshire  rainfall  in  1866  and  1867, 

453. 
Herschel  (Alexander  S.)  on  luminous 

meteors,  344. 
Herschel  (Sir  J.)  on  mapping  the  sur- 
face of  the  moon,  1. 
Heywood  (James)  on  a  uniformity  of 

weights  and  measures,  484. 
Hinds  (J.  R.)    on   tidal  observations, 

480. 
Hinparchus,  20. 
Holothuroidea  dredged  in  the  Shetland 

and  adjacent  seas,  316. 
noppe-Seyler,s  (Professor)  method  for 

calculating  the  amount  of  bile-acids, 

187. 
Horrox,  20. 
Huggins  (W.)  on  mapping  the  surface 

of  the  moon,  1;  on  the  results  of 

spectrum  analysis  as  applied  to  the 

heavenly  bodies,  140;  on  some  further 

results  of  spectrum  analysis  as  applied 

to  the  heavenly  bodies,  152. 
Human  jaw  and  teeth  found  in  Kent's 

Cavern,  47. 
Hydrozoa,  Rev.  A.  Merle  Norman  on  the, 

procured  by  the  Shetland  Dredging 

Committee,  247, 320. 

International  coinage,  on  the  progress  of, 

488. 
Invernessshire  rainfall  in  1866  and  1867, 

469. 
Invertebrate  marine  fauna,  comparison 

of  the  Shetland,  with  that  of  other 

portions  of  the  British  coast,  253. 
Iodide  of  methyl,  on  the  employment  of, 

in  the  treatment  of  cancerous  ulcers, 

172. 
Ireland,  tables  of  monthly  rainfall  in 

1866  and  1867, 471. 
Iron,  C.  W.  Siemens  on  puddling,  58. 
,  percentage  of  carbon  and  silicon 

contained  in  various  kinds  of  cast  and 

wrought,  71. 
,  cast,  A.  Matthiessen  and  S.  Prua 

Szczepanowski  on  the  chemical  nature 

of: — Part  I.  account  of  some  experi- 


ments made  to  obtain  iron  free  from 

sulphur.  842. 
Iron,  English  pig,  analysis  of,  before  and 

after  being  puddled  in  the  gas-furnace, 

69. 
Iselin  (J.  F.)  on  tidal  observations,  489. 
Isle  of  Man  rainfall  in  1866  and  1807, 

463. 
Isopoda  dredged  in  the  Shetland  and 

adjacent  seas,  288. 

Jeffreys  (J.  Gwyn)  on  dredging  among 
the  Shetland  Isles,  232. 

Jenkin  (Fleeroing)  on  the  rate  of  in- 
crease of  underground  temperature, 
510. 

Jupiter,  spectrum  o£  148. 

Kane  (Sir  Robert)  on  a  uniformity  of 

weights  and  measures,  484. 
Kelland  (Prof.)  on  tidal  observations, 

489. 
Kent  rainfall  in  1866  and  1867,  451. 
Kent's  Cavern,  Devonshire,  report  of  the 

committee  for  exploring,  45. 
Keratosa  dredged  off  the  Shetland*,  335. 
Kerry  rainfall  in  1866  and  1867,  470. 
Kincardine  rainfall  inl866  and  1867, 469. 
King's  County  rainfall  in  1866  and  1867, 

471. 
Kinross  rainfall  in  1866  and  1867, 467. 
Kirkcudbright   rainfall   in    1866    and 

1867, 465. 
Kirkwood's  (Prof.)  treatise  on  meteoric 

astronomy,  418. 
Kolliker  and  M  tiller's  researches  on  the 

influence  of  mercury  on  the  secretion 

of  bile,  194. 

Lake  district  (English),  Prof.  J.  Phillips 
on  the  quantity  of  rain  measured  m 
the,  472. 

Lanark,  rainfall  in  1866  and  1867, 465. 

Lancashire  rainfall  in  1866  and  1867. 
469. 

Land,  increase  of  underground  tempera- 
ture in  various  localities  of  dry;  510. 

Lankester  (E,  Ray)  on  the  investigation 
of  animal  substances  with  the  spectro- 
scope, 113. 

Leicestershire  rainfall  in  1866  and  1867, 

45a 

Levi  (Prof.  Leoni)  on  a  uniformity  of 
weights  and  measures,  484. 

Idas,  corals  from  the,  99. 

Limestone,  Carboniferous,  C.  Moore  on 
mineral  veins  containing  organic  re- 
mains in  the,  428. 

Lincolnshire  rainfall  in  1866  and  1867, 
457. 
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IinnS,  observations  of  the  lunar  crater, 
41 ;  Herr  von  Madler  on,  44. 

Lockyer  (J.  N.)  on  mapping  the  surface 
of  the  moon,  1. 

Lophopea  dredged  off   the  Shetland's, 

Lowe  (E.  J.),  meteors  seen  at  Highfield 
House,  August  9, 1861,  425. 

Lubbock  (Sir  John,  Bart)  on  the  ex- 
ploration of  Kent's  Cavern,  Devon- 
shire, 45. 

Lucernariada  dredged  in  the  Shetland 
seas,  820. 

Lyell  (Sir  Charles,  Bart)  on  the  ex- 
ploration of  Kent's  Cavern,  Devon- 
shire, 45;  on  the  rate  of  increase  of 
underground  temperature,  510. 

Mlntosh  (Dr.  W.  C.)  on  the  Annelids 
dredged  off  the  Shetland  Isles,  336. 

Maclagan  (Dr.)  on  the  action  of  mercury 
on  the  secretion  of  bile,  187. 

Macrura  dredged  in  the  Shetland  and 
adjacent  seas,  264. 

Madler  (Baron  von)  on  the  lunar  crater 
Linne",  44 ;  on  changes  of  the  moon's 
surface,  514. 

Main  (Robert),  observations  of  shooting- 
stars  made  at  the  Radciffe  Observa- 
tory, 422. 

Map  of  the  moon,  British  Association 
outline,  7. 

Marine  shells  found  in  Kent's  Cavern, 
47. 

Mars,  spectrum  of,  143, 165. 

Matthiessen  (A.)  and  S.  Pros  Szczepa- 
nowski  on  the  chemical  nature  of 
cast  iron,  342. 

Maw  (George)  on  the  rate  of  increase  of 
underground  temperature,  510. 

Maxwell  (J.  Clerk)  on  the  rate  of  in- 
.crease  of  underground  temperature, 
610. 

Mediterranean,  list  of  mollusca  which 
are  common  to  the  North  Sea  and  the, 
234 

Medus®,  naked-eyed,  325. 

Mercury,  on  the  action  of,  on  the  biliary 
secretion,  187 ;  observations  to  deter- 
mine how  far  dogs  are  subject  to  the 
action  of,  201 ;  results  of  experiments 
to  determine  the  action  of,  as  a  chola- 
gogue,203;  conclusions  regarding  the 
cholagogue  action  of,  222. 

Merionethshire  rainfall  in  1866  and  1867, 
463. 

Meteoric  astronomy,  Prof.  Kirkwood's 
treatise  on,  418. 

Meteoric  showers,  radiant-points  of,  in 
the  northern  hemisphere,401  ;  radiant- 


points  of,  in  the  southern  hemisphere, 
405. 

Meteorites,  synthesis  of,  415 ;  H.  C. 
Sorby  on  spherules  in,  418. 

Meteors,  on  the  spectra  of,  159;  lu- 
minous, report  on,  344 ;  catalogue  ot 
347 ;  heights  of  August,  observed  in 
England  ui  1868, 378;  large,387;  Hie 
August,  in  1867,  391 ;  the  November 
shower  of,  in  1867, 392 ;  observed  at 
the  Cambridge  Observatory,  August 
1868,  420;  observations  of,  made  at 
the  Radcliffe  Observatory,  August 
1868,  422;  seen  at  Highfield  House, 
August  1868,  425 ;  notes  on,  August 
1868,  at  Winchfield,  Hants,  427. 

Methyl  and  allied  compounds,  Br.  B. 
W.  Richardson  on  the  physiological 
action  of  the,  170;  physical  changes 
of  blood  produced  by,  173 ;  influence 
of,  on  the  circulation  and  respiration, 
175 ;  influence  of,  on  the  animal  tem- 
perature, 178;  influence  of  electrical 
excitation  during  the  action  of,  180; 
dangers  attending  administration  of, 
181;  on  the  neutralization  of  some 
poisons  by,  184. 

Methylal,  physical  changes  of  blood 
produced  by,  174;  physiological  ac- 
tion of,  183. 

Methylic  alcohol,  physical  changes  of 
blood  produced  by,  174. 

Middlesex  rainfall  in  1866  and  1867,450. 

Miller  (Prof,  W.  A.)  on  a  uniformity  of 
weights  and  measures,  484 

Mineral  veins  containing  organic  re- 
mains in  the  carboniferous  limestone, 
Charles  Moore  on,  428. 

Mollusca,  list  of,  which  are  common  to 
the  North  Sea  and  the  Mediterranean, 
224 ;  inhabiting  the  Shetland  and  ad- 
jacent seas,  238. 

Monmouth  rainfell  in  1866  and  1867, 433. 

Moon,  report  of  the  Lunar  Committee 
on  mapping  the  surface  of  the,  1; 
outline  map  of  the,  2 ;  results  of  ob- 
servation of  the,  2 ;  particular  pheno- 
mena of  the,  3 ;  change  on  the  surface 
of  the,  3 ;  Appendix,  British  Associa- 
tion outline  map  of  the,  7;  table  of 
solar  altitudes  at  the,  10 ;  on  the  spec- 
trum of  the,  142. 

Moon's  surface,  Baron  von  Madler  on 
the  changes  of  the,  514. 

Moore  (Charles)  on  mineral  veins  con- 
taining organic  remains  in  the  carboni- 
ferous limestone,  428. 

Moray  rainfall  in  1866  and  1867,  468. 

Moriarty  (Staff-Captain)  on  tidal  obser- 
vations, 489. 
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Moslems  (Dr.)  researches  on  the  influ- 
ence of  mercury  on  the  secretion  of 
bile,  195. 

Mountain-chains  of  the  moon,  13. 

Miiller  and  Kolliker's  researches  on  the 
secretion  of  bile,  103. 

Muscular  movements,  effect  of,  upon  the 
flow  of  bile,  231. 

Mylne  (R  W.)  on  the  rainfall  of  the 
British  Isles,  432. 

Naked-eyed  Medusa),  325. 

Napier  (J.  K.)  on  a  uniformity  of  weights 
and  measures,  484 

Nasse's  (Prof.)  experiments  on  the  se- 
cretion of  bile,  189. 

Nebulas,  on  the  spectra  of  the,  147; 
measures  of  the  intrinsic  brightness  of 
the,  150 ;  observations  of  the,  157. 

Neptune,  spectrum  of,  162. 

Neumayer  (Dr.),  list  of  radiant-pointe 
of  meteoric  showers  in  the  southern 
hemisphere,  405. 

Nitrate  of  amyl,  on  the  employment  of, 
in  cases  of  acute  spasmodic  diseases, 
and  the  latter  stages  of  cholera,  172. 

Norfolk  rainfell  in  1866  and  1867,  454. 

Norman  (Rev.  A.  M.),  Shetland  Final 
Dredging  Report. — Part  II.  On  the 
Crustacea,  Tunicata,  Polvzoa,  Echino- 
dermata,  Actinozoa,  Hydrozoa,  and 
Porifera,247,341. 

North  Sea,  list  of  Mollusca  which  are 
common  to  the  Mediterranean  and 
the,  234. 

Northampton  rainfall  in  1866  and  1867, 
452. 

Northumberland  rainfall  in  1866  and 
1867,  460. 

Nottinghamshire  rainfall  in  1866  and 
1867,  458. 

Ocidinidce,  British  fossil,  94. 

Oldham  (J.)  on  tidal  observations^  489. 

Oletiant  gas,  note  on  the  preparation  of, 
520. 

Ophiuroidea,  312. 

Organic  acids,  report  of  synthetical  re- 
searches on,  by  Alfred  K.  Catton,  476. 

remains  in  the  carboniferous  lime- 
stone, C.  Moore  on  the  mineral  veins 
containing,  428. 

Orkney  rainfall  in  1866  and  1867,  471. 

Osborn  (Captain  Sherard)  on  the  desira- 
bility of  an  exploration  being  made  of 
the  district  between  the  Brahmaputra, 
the  Upper  Irawadi,  and  the  Yang-tse- 
Kiang,  430. 

Ostracoda  dredged  in  the  Shetland  and 
adjacent  seas,  289. 


Oxford  rainfall  in  1866  and  1867,  452. 

Parkes  (W.)  on  tidal  observations,  489. 

Passengers,  interim  report  of  the  Com- 
mittee on  the  safety  of  ships  and  their, 
344. 

Pedicellinea  dredged  off  the  Shetlands, 
311. 

Peebles  rainfall  in  1866  and  1867.  465. 

Pembrokeshire  rainfall  in  1866  and  1867, 
462. 

Pengelly  (William)  on  the  exploration 
of  Kent's  Cavern,  Devonshire,  45;  on 
the  rate  of  increase  of  underground 
temperature,  510. 

Perthshire  rainfall  in  1866  and  1867. 467. 

Phavre  (Sir  Arthur)  on  the  desiramlity 
of  an  exploration  being  made  of  the 
district  between  the  Brahmaputra,  the 
Upper  Irawadi,  and  the  Xang-tse- 
Kiang,430. 

Phillips  (Prof.  John)  on  mapping  the 
surrace  of  the  moon,  1  j  on  the  ex- 
ploration of  Kent's  Cavern,  Devon- 
shire, 45  j  on  the  rainfall  of  the  British 
Isles,  432  j  on  the  quantity  of  rain 
measured  in  the  Lake  district,  472: 
on  the  rate  of  increase  of  undergouna 
temperature,  510. 

Phipson  (Dr.  T.  L.)  on  meteors,  aero- 
lites, and  felling  stars,  418. 

Phyllopoda,  289. 

Physophorida,  324. 

Planets,  spectra  of  the,  142, 165. 

Podophylfine  as  a  cholagogue,  observa- 
tions on,  224. 

Poisons,  on  the  neutralization  of  some, 
by  the  methyl  and  ethyl  series,  184. 

Polyatomic  cyanides,  lliomas  Fairley 

Polyzoa,  Rev.  A.  Merle  Norman  on  the, 
procured  by  the  Shetland  Dredging 
Committee,  247,  303. 

Porifera,  Rev.  A.  Merle  Norman  on  the, 
procured  by  the  Shetland  Dredging 
Committee,  247,  255, 327. 

Price  (Prof.  B.)  on  tidal  observations,  489. 

Pritchard  (Rev.  C.)  on  mapping  the 
surface  of  the  moon,  1 ;  on  tidal  ob- 
servations, 489. 

Pteropoda  dredged  in  the  Shetland  and 
adjacent  seas,  246. 

Pycnogonoidea  dredged  in  the  Shetland 
and  adjacent  seas,  301. 

Queen's  County  rainfell  in  1866  and 
1867, 470. 

Radiant-points  of  meteoric  showers, 
list  of,  401. 
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Radnor  rainfall  in  I860  and  1867,  463. 

Bain,  Prof.  J.  Phillips  on  the  quantity 
of,  measured  in  the  Lake  district,  472. 

Rainfall,  report  of  the  Committee  on 
the,  of  the  British  Isles  for  the  year 
1866-67,  432. 

Rain-gauges,  examination  of,  446. 

Itamsay  (Prof.)  on  the  rate  of  increase 
of  underground  temperature,  510. 

Rankine  (Prof.),  performance  of  ships 
analyzed  by  the  method  of,  133 ;  on 
a  uniformity  of  weights  and  measures, 
484 ;  on  tidal  observations,  489. 

Red  chalk  from  Hunstanton,  fossil 
corals  from  the,  97. 

Regenerative  gas-furnace,  general  ar- 
rangements of  the,  63;  working  re- 
sults of  the,  compared  with  the  ordi- 
nary furnace,  67 ;  analysis  of  an  in- 
ferior English  piff  iron  before  and 
after  being  puddled  in  the,  69. 

Renfrew  rainfall  in  1866  and  1867,  466. 

Respiration,  on  the  influence  of  the  me- 
thyl and  allied  compounds  on,  175. 

Richards  (Captain)  on  tidal  observa- 
tions, 489. 

Richardson  (Dr.  Benjamin  W.)  on  the 
physiological  action  of  the  methyl 
and  allied  compounds,  170. 

Robinson  (Dr.)  on  tidal  observations, 
489. 

Robinson  (John)  on  a  uniformity  of 
weights  and  measures,  484. 

Rogers  (Dr.  James)  on  the  action  of 
mercury  on  the  secretion  of  bile,  187. 

Ross  rainfall  in  1866  and  1867,  469. 

Rosse  (Lord)  on  mapping  the  surface 
of  the  moon,  1. 

Russell  (Mr.  Scott),  performance  of  ships 
analyzed  by  the  method  of,  124 

Rutherford  (Dr.  W.)  on  the  action  of 
mercury  on  the  secretion  of  bile,  187. 

Sabine  (Lieut-General)  on  tidal  obser- 
vations, 489. 

Safety  of  merchant  ships  and  their  pas- 
sengers, interim  report  of  the  Com- 
mitee  on  the,  344. 

Saturn,  spectrum  of,  143. 

Schiaparelli's  (G.  V.)  notes  and  reflec- 
tions on  the  astronomical  theory  of 
falling  stars,  407. 

Schmidt  (Herr)  on  mapping  the  surface 
of  the  moon,  1,  5. 

Schmidt  and  Bidder's  experiments  on 
the  secretion  of  bile,  189. 

Schwann's  (Prof.)  researches  on  the  se- 
cretion of  bile,  189. 

Scotland  tables  of  monthly  rainfall  in 
1866  and  1867,  464.  I 


Scott's  (Dr.)  researches  on  tbe  secret* 
of  bile,  193,  196. 

Secchi  (Padre)  on  stellar  spectrometry 
165. 

Selkirk  rainfall  in  1866  and  J867,  4& 

Shetland  Final  Dredging  Report,  J. 
Gwyn  Jeffreys  on  the  Molluscs,  29: 
Rev.  A.  Merle  Norman  on  the  Crus- 
tacea, Tunicata,  Polyzoa,  Echino&r- 
mata,  Actinozoa,  Hydrosoa,  and  Pca- 
fera,  247 ;  Dr.  W.  C.  Mlntosh  on  the 
Annelida,  337;  Edward  Waller  on  the 
Foraminifera,  840. 

invertebrate  marine  fauna,  com- 
parison of  the,  with  that  of  other  por- 
tions of  the  British  coast,  253. 

rainfall  in  1866  and  1867,  47L 

Ships,  performance  of,  analyzed  by  Mr. 
Scott  Russell's  method,  124 ;  analyzed 
by  Prof.  Rankine's  method,  138. " 

>  interim  report  of  the  Committee 

on  the  safety  of  merchant,  and  thoi 
passengers,  344 

Shropshire  rainfall  in  1866  and  1867, 
467. 

Siemens  (0.  W.)  on  puddling  iron,  58; 
on  a  uniformity  of  weights  and  mea- 
sures, 484. 

Silioea,  328. 

Silicon,  percentage  of,  contained  in  va- 
rious kinds  of  cast  and  wrought  iroa 
and  steel,  71. 

Sissons  (W.)  on  tidal  observations,  48ft 

Sli^o  rainfall  in  1860  and  1867,  471- 

Smith  (W.)  on  a  uniformity  of  weights 
and  measures,  484. 

Solenoconchia  dredged  in  the  Shetland 
and  adjacent  seas,  241. 

Somerset  rainfall  in  1866  and  1867, 456. 

Sorby  (H.  C.)  on  spherules  in  meteoritet, 
418. 

Spasmodic  diseases,  acute,  on  the  em- 
ployment of  nitrate  of  amyl  In  caw 
o$  172. 

Spectrometry,  stellar,  Padre  Secchi  on, 
165. 

Spectroscope,  E.  Ray  Lankester  on  tike 
investigation  of  animal  substances  wita 
the,  118. 

Spectrum  analysis,  William  Bnggins  oa 
the  results  of,  as  applied  to  heaveah 
bodies,  140, 152. 

of  the  moon,  142 ;  Jupiter,  145; 

Saturn,  143  j  Mars,  143;  Rrorsen'j 
comet,  159;  Comet  II.  1868,  ICO; 
Neptune,  165. 

Star-showers,  301. 

Stars,  spectra  of  fixed,  148 ;  spectra  of 
variable,  145 ;  spectra  of  temporary, 
146;      observations     to     determine 
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whether  the,  are  moving  towards  or 

from  the  earth,  162 ;  spectroscopic  ob- 
servations of  fixed,  157. 
Starvation,  partial,  influence  of,  on  bi- 
liary secretion,  221. 
Steamship  performance,  report  of  the 

Committee  on  the  condensation  and 

analysis  of  tables  of,  114. 
Steel,  percentage  of  carbon  and  silicon 

contained  in  various  kinds  of  cast  and 

wrought  iron  and,  71. 
Stellar  spectrometry,  Padre  Secchi  on, 

165. 
Stewart  (Balfour)  on  the  rate  of  increase 

of  underground  temperature,  510. 
Stokes  (Prof.)  on  tidal  observations,  489. 
Stomapoda  dredged  in  the  Shetland  and 

adjacent  seas,  265. 
Suffolk  rainfall  in  1866  and  1867,  454. 
Sulphur,  experiments  to  obtain  iron  free 

from,  342. 
Sulphuric  acid,  note  on  the  solubility  of 

cyanogen  in,  520. 
Sun,  spectroscopic  observations  of  the, 

162. 
Surrey  rainfall  in  1866  and  1867,  450. 
Sussex  rainfall  in  1866  and  1867,  450. 
Sutherland  rainfall  in  1866  and  1867, 470. 
Sykes    (Colonel)   on    a   uniformity    of 

weights  and  measures,  484. 
Symons  (G.  J.)  on  the  rainfall  of  the 

"  British  Isles,  432 ;  on  the  rate  of  increase 

of  underground  temperature,  510. 
Synthetical  researches  on  organic  acids, 

report  of,  by  A.  R.  Catton,  475. 
SzczepanowsM  (S.  Prus)onthe  chemical 

nature  of  cast  iron,  342. 

Taraxacum  as  a  cholagogue,  observations 
on,  224. 

Temperature,  undergound,  on  the  rate 
of  increase  of,  510. 

Terra  Astronomica,  boundaries  of,  14;  in- 
terior formations  of,  22;  craters  andcra- 
terlets  at  present  recorded  as  existing 
on  or  within  the  boundaries  of,  24. 

Tetanus,  on  the  employment  of  nitrate 
of  amyl  in  the  treatment  of,  172. 

Tetrachloride  of  carbon,  physical  changes 
of  blood  produced  by,  174. 

Thecaphora  from  the  Shetland  and  ad- 
jacent seas,  321,  325. 

Thomson  (Prof.  James)  on  the  rate  of 
increase  of  underground  temperature, 
510. 

Thomson  (Dr.  Thomas)  on  the  desirabi- 
lity of  an  exploration  being  made  of 
the  district  between  the  Brahmaputra, 
the  Upper  Irawadi,  and  the  Yang-tse- 
Kiang,  with  a  view  to  a  route  being 


established  between  the  navigable 
parts  of  these  rivers,  430. 

Thomson  (Sir  W.)  on  the  extension,  im- 
provement, ana  harmonic  analysis  of 
tidal  observations,  489 ;  on  the  rate  of 
increase  of  underground  temperature, 
510. 

Thoracica  dredged  in  the  Shetland  and 
adjacent  seas,  301. 

Tidal  observations,  report  of  the  Com- 
mittee for  the  purpose  of  promoting 
the  extension,  improvement,  and  har- 
monic analysis  of,  489 ;  supplementary 
report  by  Mr.  Roberts,  505. 

Tides,  benefits  that  may  be  anticipated 
from  a  knowledge  of  the  laws  of  the, 
509. 

Tunicata,  Rev.  A.  Merle  Norman  on  the, 
dredged  in  the  Shetland  and  adjacent 
seas,  247,  302. 

Turbinolid»,  British  fossil,  87. 

Underground  temperature,  report  of  the 
Committee  for  investigating  the  rate 
of  increase  of,  downwards  m  various 
localities  of  dry  land  and  under  water. 
510. 

Uniformity  of  weights  and  measures, 
report  on  the  best  means  of  providing 
for  a,  484. 

Upper  Irawadi,  and  the  Yang-tse-Kiany, 
report  of  a  Committee  on  the  desirabi- 
lity of  an  exploration  being  made  of 
the  district  between  the  Brahamputra, 
the,  430. 

Venus,  spectrum  of,  143. 
Vivian  (Edward)  on  the  exploration  of 
Kent's  Cavern,  Devonshire,  45. 

Wales,  tables  of  monthly  rainfall  in  Eng- 
land and.  450. 

Waller  (Edward)  on  the  Shetland  Fora- 
minifera,  340. 

Warwickshire  rainfall  in  1866  and  1867, 
456. 

Water,  report  of  the  Committee  for  in- 
vestigating the  rate  of  increase  of 
underground  temperature  downwards 
in  various  localites  of  dry  land  and 
under,  510. 

Waterford  rainfall  in  1866  and  1867, 
470. 

Waugh  (General  Sir  Andrew)  on  the 
desirability  of  an  exploration  being 
made  of  the  district  between  the  Brah- 
maputra, the  Upper  Irawadi,  and  the 
Yang-tse-Kiang,  430. 

Webb  (the  Rev.  T.  W.)  on  mapping  the 
surface  of  the  moon,  1. 
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Webster  (T.)  on  tidal  observations,  489. 

Weights  and  measures,  report  on  the 
best  means  of  providing  for  a  unifor- 
mity of,  484 

Westmoreland  rainfall  in  1866  and  1867, 
462. 

Whitworth  (Joseph)  on  a  uniformity  of 
weights  and  measures,  484. 

Wicklow  rainfall  in  1866  and  1867, 
471. 

Wiffton  rainfeU  in  1866  and  1867, 465. 

Williamson  (Prof.  A.  W.)  on  a  unifor- 
mity of  weights  and  measures,  484. 

Wiltshire  rainfidl  in  1866  and  1867, 456. 

Woodward  (Henry)  on  the  structure  and 
classification  of  the  fossil  Crustacea, 
72. 

Worcestershire  rainfall  in  1866and  1867, 
457. 


Wrottesley  (Lord)  on  mapping  the  sur- 
face of  the  moon,  1. 

Yang-tse-Kiang.  report  of  a  Committee 
on  the  desirability  of  an  exploration 
being  made  of  the  district  between 
the  Brahmaputra,  the  Upper  IrawadL 
and  the,  430. 

Yates  (James)  on  a  uniformity  of  weights 
and  measures,  484. 

Yorkshire  rainfall  in  1866  and  1867, 
458. 

Young  (Prof.)  on  the  rate  of  increase  of 
underground  temperature,  510. 

Zetlandic  Annelids  dredged  in  1867-68, 
838.  ' 

Zoantharia  dredged  in  the  Shetland  and 
adjacent  seas,  318. 


INDEX  II. 


TO 


MISCELLANEOUS  COMMUNICATIONS  TO  THE 
SECTIONS. 


[An  asterisk  (*)  signifies  that  no  abstract  of  the  communication  is  given.'} 


Abel  (F.  A.)  on  the  chemical  composition 
of  tne  great  cannon  of  Muhammed  II.. 
recently  presented  by  the  Sultan  Abdul 
Aziz  Khan  to  the  British  Government, 
34. 

Absorption  spectra,  Dr.  J.  H.  Gladstone 
on  the  value  ofthe  hoi  low  wedge  in 
examining,  18. 

Abyssinia.  Dr.  H.  Blanc  on  the  native 
races  of,  130. 

,  Clements  R.  Markham  on  the 

physical  geography  of  the  portion  of, 
traversed  by  the  English  expedition- 
ary force,  188. 

Acetate  of  methyl,  W.  Dittmar  on  the 
vapour-tension  of,  36. 

Actinometry,  Louis  Bing  on,  17. 

Admiralty  estimates,  Frank  P.  Fellows 
on  the  scheme  of  Mr.  0.  Seeley,  M.P., 


and  F.  P.  Fellows  for,  and  "  finance," 
"expense,"  "manufacturing, "  and  other 
accounts,  &c,  recommended  for  adop- 
tion by  the  Committee  of  the  House  of 
Commons  on  Naval  Monies,  and  now 
being  introduced,  159. 

Africa,  Pro£  Henri  Coquand  on  the 
parallelism  of  the  cretaceous  strata  of 
England  and  the  north  of  France  with 
those  of  the  west,  south-west,  and 
south  of  France  and  north  o£  61. 

,  South,  Dr.  Mann  on  tne  gold- 
field  of,  137. 

Agricultural  labourer,  the  Key.  Canon 
Girdlestone  on  the  condition  of  the, 
especially  in  the  west  of  England,  165. 

Alconol,  Dr.  Francis  E.  Anstie  on  certain 
effects  of,  on  the  pulse,  111. 

Aldeby,  C.  B.  Rose  on  the  Crag  at,  77. 
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Alkali  waste,  Dr.  Ludwig  Mond  on  the 
manufacture  of  sulphur  from,  in  Great 
Britain,  40. 

Allium  carinatum  exhibited  by  the  Rev. 
M.  J.  Berkeley,  89. 

Allman  (Prof.  George  J.)  on  the  struc- 
ture oi  Coppmia  arcta,  87. 

Almond  and  peach,  Br.  Karl  Koch  on 
the  specific  identity  of  the,  102. 

America,  British  North,  A  Wadding- 
ton  on  the  overland  route  through. 
141. 

Ammonium,  sulnhocyanide  of,  Dr.  T.  L. 
Phipson  on,  4i. 

Amylacetonamine,  F.  Guthrie  on,  38. 

Anatomy,  comparative,  of  the  atlas  and 
axis,  Alexander  Macalister  on  the  ho- 
mologies and,  117. 

■  of  the  Carmaria  Mediterranea,  R. 
Garner  on  the,  116. 

,  visceral,  of  the  Thylacinus,  Dr. 

Edwards  Crisp  on  some  points  rela- 
ting to  the,  114. 

Animal  bodies,  Dr.  Richardson  on  the 
transmission  of  light  through,  118. 

Annelids,  Dr.  W.  C.  McIntosh  on  the 
boringof  certain,  105. 

Anstie  (Dr.  Francis  £.)  on  certain  effects 
of  alcohol  on  the  pulse,  111. 

*  Appleby  (C.  J.)  on  the  mechanism  for 
utilizing     and     regulating    convict 
labour,  188. 
.        Arboriculture   as   a  science,   William 
'  Brown  on,  90. 

Archer  (Prof.  T.  C.)  on  the  occurrence 
of  Erysimum  orientals  under  peculiar 
circumstances  at  Edinburgh,  88;  on 
R.  W.  Thomson's  patent  road-steamer, 
188. 

Asia  Minor,  Western,  coal-  and  iron- 
basins,  Dr.  Hyde  Clarke  on  the,  61. 

•Atlantic,  North,  Prof.  T.  H.  Huxley 
on  some  organisms  which  live  at  the 
bottom  of  the,  in  depths  of  6000  to 
15,000  feet,  102. 

Atmospheric  lines  of  the  solar  spectrum 
in  high  latitudes,  George  Gladstone  on 
the,  18. 

Atropa  rhomboidea,  Prof.  Balfour  on  the 
properties  of,  in  connexion  with  its 
botanical  character,  89. 

•Australia,  North,  T.  Baines  on  the 
Victoria  and  Albert  rivers,  130. 

Automatic  telegraph  apparatus,  Prof.  C. 
Zenger  on  a  new,  21. 

Bahia,  Brazil,  the  Rev.  C.  G.  Nicolay  on 
the  geology  of  the  Chapada  Diaman- 
tina  in  the  province  of,  74. 

Bailv  (W.  Hellier)  on  some  fossils  from 
1863. 


the  Old  Red  Sandstone  of  Kiltorcan 
Hill,  co.  Kilkenny,  58. 
•Baines  (T.)  on  the  Victoria  and  Albert 

rivers,  North  Australia,  130. 
Balfour   (Pro£)   on  the  occurrence  of 
Hieracmm  colUnum  (Fries)  in  Selkirk- 
shire, with  remarks  on  some  recent 
additions  to  the  Scottish  flora,  89;  on 
the  properties  of  Atropa  rhombaidea 
(Hooker)  in  connexion  with  its  bota- 
nical character,  89. 
Barrett  (W.  Fletcher)  on  a  simple  me- 
thod of  exhibiting  the  combination  of 
rectangular  vibrations,  13 ;  on  sources 
of  error  in  determinations  of  the  ab- 
sorption of  heat  by  liquids,  14. 
•Bartlett  (A.  D.)  on  the  crested  or  top- 
knotted  turkey,  80. 
•Bate  f  C.  Spence)  and  Prof:  Westwood 
on  the  geographical  distribution  of 
the  British  genera  of  the  Sessile-eyed 
Crustacea,  89. 
Becker  (Miss  L.  £.)  on  some  supposed 
differences  in  the  minds  of  men  and 
women  with  regard  to  educational 
necessities,  155. 
•Behier  (Dr.)  on  the  generation  of  white 

blood-corpuscles,  112. 
Bell  (Alfred)  on  some  moUuscan  fauna 

of  the  Red  Crag,  69. 
Benches,  R.  Brown  on  the  formation  of, 

134. 
Berkeley  (Rev.  M.  J.),  Address  as  Pre- 
sident of  the  Biological  Section,  83 ; 
Fungi  exhibited  by  the,  89. 
Bidder  (George  P.),  Address  as  Presi- 
dent of  Section  G  (Mechanics),  180. 
Bing  (Louis)  on  actinometry.  17. 
Biological  science,  Edward  *B.  Tylor  on 
language  and  mythology  as  depart- 
ments of^  120. 
Birt  (W.  R.)  on  the  extent  of  evidence 
which    we    possess    elucidatory    of 
"  change  "  on  the  moon's  surface,  11. 
Blanc  (Dr.  IL)  on  the  native  races  of 

Abyssinia,  130. 
Blasting  agent,  A.  Nobel  on  dynamite, 
a  recent  preparation  of  nitro-glycerine 
as  a,  194. 
•Blood-corpuscles,  white,  Dr.  Behier  on 
the  generation  of,  112. 

• ,  Prof.  Heynsius  on  the  albuminoid 

substances  of  the,  117. 
•Blyth  (C.)  on  an  improved  machine  for 
drawing-off,  measuring,  and  cutting 
cloth  and  other  materials  for  manu- 
facturing purposes,  188. 
Boats,  G.  Fawcus  on  improvements  in 

the  packing  of,  189. 
Bones,  W.  Pengelly  on  the  condition  of 
14 
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some  of  the,  found  in  Kent's  Cavern, 
Torquay,  76. 

•Bownng  (Sir  John)  on  the  moral  and 
pecuniary  results  of  prison-labour, 
150. 

Brachiopoda,  British  fossil,  J.  Logan 
Lobley  on  the  range  and  distribution 
of  the,  71. 

Bridgpnan  (Dr.W.  Kenceley)  on  electro- 
lysis in  the  mouth,  112. 

Bright  (H.)  on  London  street-tramways, 
189. 

Brine  (Commander  Lindesay)  on  the 
past  and  present  inhabitants  of  the 
Cyrenaica,  131. 

British  Islands,  Rev.  J.  Brodie  on  recent 
geological  changes  in  the,  60. 

Broads  of  East  Norfolk,  R.  B.  Grantham 
on  the,  having  reference  to  the  water- 
supply,  stowage,  and  drainage,  191. 

•Broca  (Prof.  Paul)  on  the  seat  and 
faculty  of  articulate  languages,  120. 

Brodie  (Rev.  James)  on  recent  geolo- 
gical changes  in  the  British  Islands, 
60. 

•Brown  (Dr.  A.  Crum)  on  the  connexion 
between  chemical  constitution  and 
physiological  activity,  113. 

Brown  (R.)  on  the  physical  geography 
of  the  Queen  Charlotte  Islands,  133  j 
on  the  formation  of  fiords,  canons, 
benches,  prairies,  and  intermittent 
rivers,  134. 

Brown  (Samuel),Address  as  President 
of  Section  F  (Economics  and  Statis- 
tics), 144 

Brown  (William)  on  arboriculture  as  a 
science,  90. 

Burgh  Castle,  Suffolk,  analysis  of  the 
Roman  mortar  of,  by  John  Spiller,  43. 

Bustard,  Great,  H.  Stevenson  on  the  ex- 
tinction of  the,  in  Norfolk  and  Suffolk, 
111. 

JSuxbaumia  aphyUa,  Prof.  M.  A.  Lawson 
on  the  discovery  of,  near  London,  104. 

Cambrian  Rocks,  Henry  Hicks  on  some 
recent  discoveries  of  fossils  in  the,  68. 

Cambridgeshire,  fens  of,  W.  D.  Hard- 
ing on  the  draining  of  the,  166. 

Canada,  James  Ileywood  on  the  sanitary 
state  of  the  Indians  in  the  settlement 
of  Kanyeageh,  167. 

Cannon,  great,  of  Muhammed  H.,  F.  A. 
Abel  on  the  chemical  composition  of 
the,  recently  presented  by  the  Sultan 
Abdul  Aziz  Khan  to  the  British  Go- 
vernment, 34. 

Caiions,  R.  Brown  on  the  formation  of. 
134.  ' 


Cape  Colony,  Prof  Tennant  on  the  re- 
cent discovery  of  diamonds  in,  79. 

Carboniferous  strata  of  Lanarkshire, 
James  Thomson  on  certain  reptiliia 
remains  found  in  the,  79. 

Carinaria  Mc<titerraneay  Robert  Gamei 
on  the  anatomy  of  the,  110. 

•Cattle  placue,  W.  Smith  on  the  pro- 
gress ana  extermination  of  the.  ia 
Norfolk,  177. 

•Catton  (A.  R.) .  certain  facts  bearing  on 
the  theory  of  double  refraction,  17; 
note  on  Lowig's  researches  on  the 
action  of  sodium  amalgam  on  oxalic 
ether,  35;  on  Mitscherlicb's  law  of 
isomorphism,  and  on  the  so-called 
cases  of  dimorphism,  35. 

Cedrus  Litani,  John  Hogg  on  the  WH- 
liiu/tonia  gigantea,  with  remarks  on  its 
form  and  rate  of  growth  as  compared 
with  the,  100. 

Cephalopoda,  Robert  Garner  on  a  male 
octopodous  cuttlefish  and  some  other, 
96. 

•Centrifugal  Dump,  J.  H.  Gwynne  on 
an  improvea,  192. 

•Chalk,  C.  B.  Rose  on  the  thickness  of 
the,  in  Norfolk,  77. 

"  Change  "  on  the  surface  of  the  moon, 
W.  ft.  Birt  on  the  extent  of  evi- 
dence which  we  possess  elucidatory 
of,  11. 

Chapada  Diamantina,  the  Rev.  C.  G. 
Nicolay  on  the  geology  of  the,  in  the 
province  of  Bahia,  Brazil,  74. 

Charcoal,  Dr.  R.  Angus  Smith  on  the 
absorption  of  gases  Dy,  44. 

*Charlesworth  (E.)  on  the  substitution 
of  hand-  for  shoulder-guns,  illustrated 
by  an  explanatory  exhibition  of  an 
elevator  nand-gun  on  the  breech- 
loading  principle,  189. 

Charts,  synoptic  weather-,  of  the  Indian 
ocean,  Charles  Meldrum  on,  28. 

•Chemical  constitution  and  physiological 
activity.  Dr.  Crum  Brown  on  the  con- 
nexion between,  113. 

Chemical  philosophy,  Dr.  Otto  Richter 
on  an  original  system  o£  comprising 
the  determination  of  the  volume-equi- 
valents, as  also  a  new  theory  of  the 
specific  volumes  of  liquid  and  solid 
substances,  42. 

Chemical  theories  and  refraction  equi- 
valents, Dr.  J.  H.  Gladstone  on,  37. 

Chemistry  as  a  branch  of  education,  Dr. 
Thomas  Wood  on,  49. 

Chloroform,  W.  H.  Perkin  on  chloride 
of  methylene  obtained  from,  by  means 
of  nascent  hydrogen,  40. 
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•Chromium  salt,  R.  Gerstl  on  different 
spectra  of  one,  38. 

Circle,  J.  J.  Sylvester  on  the  successive 
involutes  to  a,  10. 

Civil  Service,  Horace  Mann  on  some 
statistics  relating  to  the,  174. 

Clarke  (Dr.  Hyde)  on  the  Western  Asia 
Minor  coal-  and  iron-basins,  and  on 
the  geology  of  the  district,  61 ;  on  the 
progress  of  Turkey,  157. 

Cleghorn  (Dr.  Hugh)  on  the  distribu- 
tion of  the  principal  timber  trees  of 
India,  and  the  progress  of  forest  con- 
servatory, 91. 

Cleland  (1  rof.),  is  the  Eustachian  tube 
open  or  shut  in  swallowing  ?  113. 

Climates  of  Mauritius  and  ftatal,  Dr.  R. 
J.  Mann  on  the  resemblance  and  con- 
trasts of  the,  21. 

CUsiophyUum,  Dr.  P.  Martin  Duncan  on 
the  genus,  62. 

Coal-  and  iron-basins  of  Western  Asia 
Minor,  Dr.  Hyde  Clarke  on  the,  61. 

Coal-field  of  Natal,  Dr.  Mann  on  the,  73. 

Coal-tar  bases,  J.  Dewar  on,  35. 

Cobbold  (Dr.)  on  flukes  from  the  Indian 
elephant,  113. 

Coinage,  international,  Prof.  Leone  Levi 
on  the  present  state  of  the  question  of, 
173. 

,  G.  Johnstone  Stoney  on  the  natu- 
ral system  of,  177. 

Cold,  Dr.  Richardson  on  effects  of  ex- 
treme, on  organic  function,  119. 

Coloured,  compounds,  Dr.  Meusel  on  a 
physical  property  of  two.  39. 

•Columnar  structures,  J.  Curry  on  the 
formation  of  certain,  62. 

Combustion  of  gases  under  pressure, 
Prof.  E.  Frankland  on,  37. 

Constituencies,  R.  B.  Hayward  on  the 
chances  of  success  or  failure  of  candi- 
dates for  three-cornered  or  four-cor- 
nered, 9. 

Consumption;  pulmonary,  Dr.  Edwards 
Crisp  on  the  statistics  of,  in  623 
districts  of  England  and  Wales,  158. 

Contagious  Diseases  Act,  H.  J.  Ker 
Porter  on  the  extension  of  the,  175. 

•Convict  labour,  C.  J.  Appleby  on  the 
mechanism  for  utilizing  and  regu- 
lating, 188. 

Copper,  Dr.  Matthiessen  and  Dr.  W.  J. 
Russell  on  the  vesicular  structure  of, 
38. 
Coppmia  arcta,  Prof.  G.  J.  Allman  on 
the  structure  of,  87. 

Coquand  (Prof.  Henri)  on  the  parallel- 
ism of  the  cretaceous  strata  of  England 
and  the  north  of  France,  with  those 


of  the  west,  south-west,  and  south 
of  France  and  the  nortn  of  Africa, 
61. 

Cornwall,  C.  W.  Peach  on  the  fossil 
fishes  of,  76  j  on  a  new  Eschara  from, 
109. 

Coroners'  inquests,  Lavington  E.  Flet- 
cher on  the  unsatisfactory  character 
of,  consequent  on  steam-boiler  explo- 
sions, 190. 

Corrance  (F.  S.)  on  the  past,  present, 
and  future  of  the  wage-paid  classes, 
157. 

Crag,  Red,  George  Maw  on  the  sequence 
of  the  deposits  in  Norfolk  and  Suffolk 
superior  to  the,  73. 

,  C.  B.  Rose  on  the,  at  Aldeby, 

77. 

Crags,  E.  Ray  Lankester  on  the  oldest 
beds  of  the,  70. 

* ,  J.  E.  Taylor  on  the  Norwich,  and 

their  relation  to  the  mammaliferoua 
bed,  78. 

•Crania,  Prof.  Rolleston  on  sixteen  Es- 
kimo, 120. 

Cretaceous  strata,  Profl  H.  Coquand  on 
the  parallelism  of  the,  of  England  and 
the  north  of  France,  with  those  of  the 
west,  south-west,  and  south  of  France 
and  the  north  of  Africa,  61. 

Crisp  (Dr.  Edwards)  on  the  skeleton  of 
a  fossil  whale  recently  exhumed  on 
the  eastern  coast  of  Suffolk,  61 ;  on 
the  relative  weight  and  form  of  the 
eye  and  colour  of  the  iris  in  vertebrate 
animals,  114  j  on  some  points  relating 
to  the  visceral  anatomy  of  the  Thyla- 
cintts,  114  j  on  the  intestinal  canal  and 
other  viscera  of  the  gorilla,  114;  on 
the  statistics  of  oulmonary  consump- 
tion in  623  districts  of  England  and 
Wales,  158. 

Crocus,  Dr.  Karl  Koch  on  the  classifi- 
cation of  the  species  of,  102. 

•Crustacea,  0.  ©pence  Bate  and  Prof. 
Westwood  on  the  geographical  distri- 
bution of  the  British  genera  of  the 
sessile-eyed,  89. 

Crystallization,  Charles  Tomlinson  on 
the  action  of  nuclei  in  inducing,  45. 

•Cubic  point,  ninth,  Prof.  H.  J.  Stephen 
Smith  on  a  construction  for  the,  10. 

•Cubic  surface,  Prof.  II.  J.  Stephen 
Smith  on  a  property  of  the  hessian  of 
a,  10. 

•Curry  (J.)  on  the  formation  of  certain 
columnar  structures,  62. 

•Cutting  cloth,  C.  Blvth  on  an  improved 
machine  for  drawing-off)  measuring, 
and,  188. 
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Cuttlefish,  Robert  Garner  on  a  male 

octopodous,  96. 
Cyrenaica,  Commander  Lindesay  Brine 

on  the  past  and  present  inhabitants  of 

the,  131. 

Darwinism,  the  Rev.  T.  0.  Morris  on  the 
difficulties  of,  107. 

Darwin's  (Mr.)  theory  of  the  origin  of 
species,  B.  T.  Lowne  on  type- variation 
and  polymorphism  in  their  relation  to, 
104. 

•Davis  (W.  Barrett),  a  historical  note 
on  Lagrange's  theorem,  8. 

Denudations  of  Norfolk,  Rev.  0.  Fisher 
on  the,  63. 

Dewar  (J.)  on  coal-tar  bases,  35;  on 
Kekul6's  model  to  illustrate  graphic 
formulae,  36. 

Diamonds,  Prof.  Tennant  on  the  recent 
discovery  of,  in  Cape  Colony,  79. 

Dickson  (Dr.  Alexander)  on  some  of  the 
principal  modifications  of  the  recep- 
tacle, and  their  relation  to  the  "  inser- 
tion" of  the  leaf-organs  of  the  flower, 
94. 

•Dickson  (Dr.  Thompson)  on  vitality  as 
a  mode  of  motion,  114. 

•Dircks  (Henry)  on  patent  monopoly  as 
affecting  the  encouragement,  improve- 
ment, and  progress  of  science,  arts, 
and  manufactures,  159. 

Dittmar  (W.)  on  the  vapour-tension  of 
formiate  of  ethyl  and  of  acetate  of 
methyl,  36. 

•Dixon  (W.  Ilepworth)  on  the  Great 
Prairies  and  Prairie  Indians,  134. 

•Dobson  (T.)  on  a  new  correction  to  be 
applied  to  observations  made  with 
Hadley's  sextant,  8. 

Drainage,  arterial,  of  Norfolk,  Sir  Wil- 
lougnby  Jones  on  the,  168. 

of  the  fens  of  Cambridgeshire, 

Huntingdonshire,  Norfolk,  and  Suf- 
folk, W.  D.  Harding  on  the,  166. 

,  R.  B.  Grantham  on  the  Broads 

of  East  Norfolk,  having  reference 
to  the  water-supply,  stowage,  and, 
191. 

Duncan  (Dr.  P.  Martin)  on  the  genus 
Cltiiophyllum,  62. 

Dunn  (K.)  on  the  power  of  utterance  in 
respect  to  its  cerebral  bearings  and 
causes,  114. 

Dynamite,  a  recent  preparation  of  nitro- 
glycerine as  a  blasting  agent,  A.  Nobel 
on,  194. 

Dynamo-magneto-electric  machine,  W. 
Ladd  on  a  further  development  of  the, 


Edinburgh,  Prof.  T.  C.  Archer  on  the 
occurrence  of  Erysimum  orientate 
under  peculiar  circumstances  at,  88. 

Education,  Dr.  Thomas  Wood  on  che- 
mistry as  a  branch  of,  49. 

Educational  endowments,  J.  Q.  fitch  on, 
163. 

Electric  currents,  F.  H.  Varley  on  the 
construction  of  a  galvanometer  for  the 
detection  of  weak,  20. 

Electric  machine,  dynamo-magneto-,  W. 
Ladd  on  a  further  development  of  the, 
19. 

Electrolysis  in  the  mouth,  Dr.  W.  Kence- 
ley  Bridgman  on,  112. 

Elephant,  Indian,  Dr.  Cobbold  on  flukes 
from  the,  113. 

Elliot  (Sir  Walter)  on  the  sepulchral 
remains  of  Southern  India,  134. 

Elliptic  functions,  W.  H.  L.  Russell  on 
the  division  of,  10. 

England  and  Wales,  Dr.  Edwards  Crisp 
on  the  statistics  of  pulmonary  con- 
sumption in  623  districts  of,  158. 

,  Prof.  H.  Coquand  on  the  parallel- 
ism of  the  cretaceous  strata  of,  and 
the  north  of  France,  with  those  of  the 
west,  south-west,  and  south  of  France 
and  the  north  of  Africa,  61. 

* ,  H.  G.  Seeley  on  the  classification 

of  the  secondary  strata  of,  78. 

,  west  of,  the  Rev.  Canon  Girdle- 

stone  on  the  condition  of  the  agricul- 
tural labourer,  specially  in  the,  165. 

Erysimum  orientate,  Prof.  T.  C.  Archer 
on  the  occurrence  of,  under  peculiar 
circumstances  at  Edinburgh,  08. 

Eschara,  C.  W.  Peach  on  a  new,  from 
Cornwall,  109. 

Ethers,  researches  on  the,  by  Prof.  J.  A. 
Wanklyn,  46. 

Ethyl,  formiate  of,  W.  Dittmar  on  the 
vapour-tension  of,  and  acetate  of  me- 
thyl, 36. 

Ethylacetonamine,  F.  Guthrie  on,  38. 

European,  South,  plants,  Prof.  Hen- 
nessy  on  the  possible  introduction  of, 
in  the  west  and  south  of  Ireland, 
98. 

Eustachian  tube,  is  the,  open  or  shut  in 
swallowing?  113. 

Everett  (Professor  J.  D.),  resume*  of  ex- 
periments on  rigidity,  8. 

Explosions,  steam-boiler,  Lavington  E. 
Fletcher  on  the  unsatisfactory  cha- 
racter of  coroners'  inquests  consequent 
on,  190. 

Eye,  Dr.  Edwards  Crisp  on  the  relative 
weight  and  form  of  the,  in  vertebrate 
animals,  114. 
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'  Faivre  (Prof.  E.)  on  annular  incisions  on 
mulberry  trees,  95. 

i  Fauna,  molluscan,  of  the  Bed  Crag, 
Alfred  Bell  on  some,  59. 

* of  the  Seychelle  group  of  islands, 

Prof.  E.  P.  Wright  on  the  flora  and, 
111. 

'  Fawcus  (G.)  on  improvements  in  the 
packing  of  boats,  life-boats,  and  pon- 
toons, 189. 

t        Fellows  (Frank  P.)  on  the  new  scheme 

i  of  Mr.  C.  Seely,  M.P.,  and  Mr.  F.  P. 

Fellows  for  Admiralty  estimates,  and 

*  "  finance,"    u  expense,"    il  manufac- 

ture," and  other  accounts,  &c.  recom- 

[  mended  for  adoption  by  the  Committee 

of  the  House  of  Commons  on  naval 
monies  and  accounts,  and  now  being 
introduced,  159. 
Fiords,  K.  Brown  on  the  formation  of, 
134. 

t  Fireplace,  ventilating,  description  of  a, 
with  experiments  upon  its  heating- 
power  as  compared  with  that  of  ordi- 
nary fireplaces,  by  Capt.  D.  Galton, 
191. 
Fisher  (Rev.  0.)  on  the  denudations  of 

Norfolk,  63. 
Ushes.  fossil,  of  Cornwall,  C.  W.  Peach 
on  the,  76. 

\  ,  notice  of  rare,  occurring  in  Nor- 
folk and  Lothingland,  by  T.  E.  Gunn, 

1  97. 

'        Fitch  (J.  G.)  on  educational  endow- 

1  ments,  163. 

Fletcher  (Lavington  E.)  on  the  unsatis- 

[  factory  character  of  coroners'  inquests 

consequent  on  steam-boiler  explosions, 
190. 

v  *Flint,  C.  B.  Rose  on  the  conchoidal 
fracture  of,  as  seen  on  flint-faced 
buildings  in  Norwich,  Yarmouth,  &c, 

1  77. 

f  *Flora  and  fauna  of  the  Sevchelle  group 
of  islands,  Prof.  E.  P.  Wright  on  the, 

1  111. 

1        of  Skye,  Prof.  M.  A.  Lawson  on 

1  the,  103. 

,  Scottish,  Prof.  Balfour  on  the  oc- 
currence of Hieracium  colUnum  (Fries), 
with  remarks  on  some  recent  additions 
to  the,  89. 
Flower  (W.  H.)  on  the  homologies  and 
notation  of  the  teeth  of  mammalia, 

i  115. 

Flukes  from  the  Indian  elephant,  Dr. 

Cobbold  on,  113. 
Forbes  (George)  on  the  meteor  shower 

of  August  1808, 13. 
Forest  conservancy,  Dr.  Hugh  Cleghorn 


on  the  distribution  of  the  principal 
timber-trees  of  India,  and  the  progress 
of,  91. 

Formiate  of  ethyl,  W.  Dittmar  on  the 
vapour-tension  of,  36. 

Fossil  Brachiopoda,  British,  J.  Logan 
Lobley  on  the  range  and  distribution 
of  the,  71. 

fishes  of  Cornwall,  C.  W.  Peach  on 

the,  76. 

* plants,  Prof.  Goppert  on  the  inap- 
plicability of,  to  support  the  theory  of 
gradual  transformation,  65. 

whale,  Dr.  E.  Crisp  on  the  skeleton 

of  a,  recently  exhumed  on  the  eastern 
coast  of  Suffolk,  61. 

Fossils,  W.  Hellier  Baily  on  some,  from 
the  Old  Red  Sandstone  of  Kiltorcan 
Hill,  co.  Kilkenny,  58. 

in  the  Cambrian  rocks,  n.  Hicks 

on  some  recent  discoveries  of,  68. 

,  Prof.  Otto  Torrell  on  some  new, 

from  the  Longmynd  rocks  of  Sweden, 
80. 

Foster  (P.  Le  Neve,  jun.)  on  the  irri- 
gation of  Upper  Lombardy  by  new 
canals  to  be  derived  from  the  lakes 
Lugano  and  Maggiore,  190. 

Four-cornered  constituencies,  R.B.  Hay- 
ward  on  the  chances  of  success  or 
failure  of  candidates  for,  9. 

Fox  (Rev.  W.)  on  the  skull  and  bones 
of  an  Iguanoaon,  64. 

France,  Prof.  H.  Coquand  on  the  paral- 
lelism of  the  cretaceous  strata  of  Eng- 
land  and  the  north  of,  with  those  of 
the  west,  south-west,  and  south  of 
France  and  the  north  of  Africa,  61. 

Frankland  (Prof.  E.),  Address  as  Presi- 
dent of  the  Chemical  Section,  31  j  on 
the  combustion  ofgases  underpressure, 
37. 

Fraser  (Dr.  John)  on  a  new  British  moss, 
Hypnum  Banwergeri,  96. 

Fungi  exhibited  by  the  Rev.  M.  J.  Ber- 
keley, 89. 

•Galloway  (G.  Bell)  on  inventors  and 
inventions,  165. 

Galton  (Capt.  D.),  description  of  a  ven- 
tilating fireplace,  with  experiments 
upon  its  heating-power  as  compared 
with  that  of  ordinary  fireplaces,  191. 

Galvanometer,  F.  W.  Varley  on  the  con- 
struction of  a,  for  the  detection  of 
weak  electric  currents,  20. 

•Galvanometer-needle,  the  Hon.  J.  W. 
Strutt  on  a  permanent  deflection  of 
the,  by  a  rapid  series  of  equal  and 
opposite  induced  currents,  20, 
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Game  laws,  Prof.  Alfred  Newton  on  the 
zoological  aspect  of,  108. 

Garner  (Robert)  on  a  male  octopodous 
cuttlefish,  96;  on  the  anatomy  of  the 
Carinaria  Mediterranea,  116. 

Gases,  Prof.  E.  Frankland  on  the  com- 
bustion of,  under  pressure,  37. 

,  Dr.  R.  Angus  Smith  on  the  ab- 
sorption of,  by  charcoal,  44. 

Gearing  (Arthur),  examples  of  ocular 
demonstration  of  geometrical  propo- 
sitions, 8. 

Geological  changes  in  the  British  islands, 
ReT.  James  Brodie  on  recent,  60. 

Geometrical  propositions,  Arthur  Gear- 
ing on  the  ocular  demonstration  of,  8. 

•Gerstl  (R.)  on  different  spectra  of  one 
chromium  salt,  38. 

Gill  (C.  Haughton)  and  Dr.  Meusel  on 
paraffin  and  its  products  of  oxidation, 
39. 

Girdlestone  (Rev.  Canon)  on  the  condi- 
tion of  the  agricultural  labourer,  es- 
pecially in  the  west  of  England. 

Glacial    and    postglacial   structure  of 

•  Norfolk  and  Suffolk,  S.  V.  Wood,  jun., 
and  F.  W.  Ilarmer  on  the,  80. 

Gladstone  (George),  observations  on  the 
atmospheric  lines  of  the  solar  spectrum 
in  high  latitudes,  18. 

Gladstone  (Dr.  J.  H.)  on  the  value  of  the 
hollow  wedge  in  examining  absorption 
spectra,  18 ;  on  refraction-equivalents 
and  chemical  theories,  37. 

Godwin- Austen  (R.  A.  C.)t  Address  as 
President  of  the  Geological  Section,  51. 

•Gbppert  (Prof.)  on  the  inapplicability  of 
fossil  plants  to  support  the  theory  of 
gradual  transformation,  65. 

Gold-field  of  South  Africa,  Dr.  Mann  on 
the,  137. 

Gorilla,  Dr.  Edwards  Crisp  on  the  intes- 
tinal canal  and  other  viscera  of  the, 
114. 

Grantham  (R.  B.)  on  the  Broads  of  East 
Norfolk,  having  reference  to  the  water- 
supply,  stowage,  and  drainage,  191. 

Graphic  formulae,  J.  Dewar  on  KekulS's 
model  to  illustrate,  36. 

Great  Britain,  Dr.  Ludwig  Mond  on  the 
manufacture  of  sulphur  from  alkali 
waste  in,  40. 

Great  Bustard,  H.  Stevenson  on  the  ex- 
tinction of  the,  in  Norfolk  and  Suf- 
folk, 111. 

•Greenland,  Edward  Whymper  on  ex- 
plorations in,  143. 

Greensand,  Lower,  Dr.  John  Lowe  on  the 
occurrence  of  spherical  iron-nodules 
in  the,  72. 


•Griewon  (T.  B.)  on  education  in  natanl 
science  in  schools,  97. 

Grove  (W.  R.),  artificial  rocking-stooea, 
an  experiment,  65. 

Gunn  (Rev.  J.)  on  the  alternate  elen- 
tions  and  subsidences  of  the  land,  and 
the  order  of  succession  of  strata  in 
Norfolk  and  Suffolk,  66. 

Gunn  (T.  E.),  notice  of  rare  fishes  occor- 
ring  in  Norfolk  and  Lothincland,  97. 

*Guns,  E.  Charlesworth  on  the  substi- 
tution of  hand-  for  shoulder-,  IcO. 

Guthrie  (Frederick)  on  the  thermal  re- 
sistance of  liquids.  15;  on  metfcjl- 
acetonamine,  ethylaceton&mine,  and 
amylacetonamine,  3d. 

•Gwynne  (J.  II.)  on  an  improved  cen- 
trifugal pump,  192. 

*Hadley's  sextant,  T.  Dobson  on  a  new 
correction  to  be  applied  to  obsem- 
tions  made  with,  8. 

Harding  (W.  D.)  on  the  drainage  of  the 
fens  of  Cambridgeshire,  Huntingdon- 
shire, Norfolk,  and  Suffolk,  166. 

Harmer  (F.  W.)  and  Searles  V.  Wood, 
jun.,  on  the  glacial  and  postgkbal 
structure  of  Norfolk  and  Suffolk.  tfk 

Hayward  (R.  B.)  on  the  chances  of  suc- 
cess or  failure  of  candidates  for  three- 
cornered  or  four-cornered  constituen- 
cies, 9. 

Health,  Francis  G.  P.  Neison  on  the  in- 
fluence of  occupation  upon,  174. 

Heat,  absorption  of,  "VV.  Metcher  Barrett 
on  sources  of  error  in  determinatiuni 
of  the,  bv  liquids,  14. 

Hennessy  (Prof.)  on  the  possible  intro- 
duction of  South  European  plants  in 
the  west  and  south  of  Ireland,  08. 

•Hessian  of  a  cubic  surface,  Prof.  H.J. 
Stephen  Smith  on  a  property  of  the, 

•Heynsius  (Prof.)  on  the  albuminoid 
substances  of  the  blood-corpuscles, 
117.  ^^^ 

neywood  (James)  on  the  sanitary  state 
of  the  Indians  in  the  settlement  of 
Kanyeageh,  Canada,  1868, 167. 

Hicks  (Henry)  on  some  recent  disco- 
veries of  fossils  in  the  Cambrian  rocks, 
08. 

Hieracium  collinum  (Fries),  Prof  Bal- 
four on  the  occurrence  of^  in  Selkirk- 
shire, with  remarks  on  some  recent 
additions  to  the  Scottish  flora,  80. 

High  latitudes,  George  Gladstone  on  the 
atmospheric  lines  of  the  solar  spec- 
trum in,  18. 

Hogg  (John)  on  the  WeUingUmia  gi- 


Digitized  by 


Google 


INDEX  II. 


215 


yantea.  with  remarks  on  its  form  and 
rate  of  growth,  as  compared  with  the 
Cedni8  Libanij  100;  on  two  British 
wasps  and  their  nests,  101. 

Holland  (F.  W.)  on  the  peninsula  of 
Sinai  and  its  geographical  hearings  on 
the  history  of  the  Exodus,  135. 

IIollow  wedge,  Dr.  J.  H.  Gladstone  on 
the  value  of  the,  in  examining  absorp- 
tion spectra,  18. 

•Ilong  Kong,  description  of,  by  Gran- 
ville Sharp,  141. 

Howorth  (II.  II.)  on  the  nomade  races 
of  European  Russia,  136. 

Huntingdonshire,  fens  of,  W.  D.  Hard- 
ing on  the  drainage  of  the,  106. 

•Hutchinson  (T.  J.J  on  the  rivers  and 
territories  of  the  Bio  de  la  Plata, 
137;  on  the  Tehuelche  Indians  of 
Patagonia,  137. 

•Huxley  (Prof.  T.  H.)  on  some  organ- 
isms which  live  at  the  bottom  of  the 
North  Atlantic,  in  depths  of  6000  to 
15,000  feet,  102. 

Hydrogen,  nascent,  W.  H.  Perlrin  on 
chloride  of  methylene  obtained  from 
chloroform  by  means  of,  40. 

HypnumBambergeri,  a  new  British  moss, 
Dr.  John  Fraser  on,  96. 

Iguanodon,  Rev.  W.  Fox  on  the  skull 
and  bones  of  an,  64. 

Incrustation,  Samuel  Sharp  on  a  remark- 
able, in  Northamptonshire,  78. 

India,  Dr.  Hugh  Cleghorn  on  the  distri- 
bution of  the  principal  timber-trees  of, 
and  the  progress  of  forest  conservancy, 
91. 

,  Southern,  Sir  Walter  Elliot  on  the 

sepulchral  remains  of,  134. 

Indian  Ocean,  Charles  Moldrum  on  sy- 
noptic weather-charts  of  the,  28. 

Indians,  James  Hevwood  on  the  sanitary 
state  of  the,  in  the  settlement  of  Kan- 
yeageh,  167. 

"Insertion"  of  the  leaf-organs  of  the 
flower,  Dr.  A.  Dickson  on  some  of  the 
principal  modifications  of  the  recep- 
tacle, and  their  relation  to  the,  94. 

International  coinage,  Prof.  Leone  Levi 
on  the  present  state  of  the  question  of, 
173. 

•Inventors  and  inventions,  G.  B.  Gallo- 
way on,  165. 

Ireland,  Prof.  Hennessy  on  the  possible 
introduction  of  South  European  plants 
in  the  south  and  west  of,  98. 

,  A.  G.  More  on  the  discovery  of 

Scirpus  parwlm  in,  106. 

Iris  in  vertebrate  animals,  Dr.  Edwards 


Crisp  on  the  relative  weight  and  form 
of  the  eye  and  colour  of  the,  114. 
Iron,  John  Jones  on  some  points  affect- 
ing the  economical  manufacture  of, 

nodules,  spherical,  Dr.  John  Lowe 

on  the  occurrence  of,  in  the  Lower 

Greensand,  72. 
Iron  basins  of  Western  Asia  Minor,  Dr. 

Hyde  Clarke  on  the  coal  and,  61. 
Irrigation  of  Upper  Lombardy.  P.  Le 

Neve  Foster,  jun.,  on  the,  190. 

•Jackson  (Dr.  Hughlings)  on  the  phy- 
siology of  language,  120. 

Jecks  (Charles)  on  some  ferruginous 
sandstone  in  the  neighbourhood  of 
Northampton,  69. 

•Jenkins  (H.  M.)  on  the  tertiary  depo- 
sits of  Victoria,  70. 

•Jenkins  (S.)  on  the  noted  slate-veins 
of  Festiniog.  70. 

•Jeula  (Henry),  a  brief  statement  of  the 
recent  progress  and  present  aspect  of 
statistical  inquiry  in  relation  to  ship- 
ping casualties,  168. 

Jones  (John)  on  some  points  affecting 
the  economical  manufacture  of  iron, 
192. 

Jones  (Sir  Willoughby)  on  the  arterial 
drainage  of  Norfolk,  168. 

Kanyeageh,  Canada,  James  neywood  on 
the  sanitary  state  of  the  Indians  in  the 
settlement  of,  169. 

KekultS's  model  to  illustrate  graphic  for- 
mula, J.  Dewar  on,  36. 

Kent's  Cavern,  Torquay,  W.  Pengelly 
on  the  condition  or  some  of  the  bones 
found  in,  76. 

Kiltorcan  Hill,  co.  Kilkenny,  W.  II. 
Baily  on  some  fossils  from  the  Old 
Red  Sandstone  of,  58. 

Koch  (Dr.  Karl)  on  the  necessity  -of 
photographing  plants  to  obtain  a 
tetter  knowledge  of  them,  102;  on 
the  specific  identity  of  the  almond 
and  the  peach,  102  j  on  the  classifica- 
tion of  the  species  of  crocus,  102. 

Kohn  (Ferdinand)  on  the  recent  pro- 
gress of  steel  manufacture,  193. 

Ladd  (W.)  on  a  further  development  of 
the  dynamo-magneto-electric  ma- 
chine, 19. 

•Lagrange's  theorem,  a  historical  note 
on,  by  W.  Barrett  Davis,  8. 

Lanarkshire,  James  Thomson  on  certain 
reptilian  remains  found  in  the  Carbo- 
niferous strata  of,  79. 
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Land,  Kev.  J.  Gunn  on  the  alternate 
elevations  and  subsidences  of  the,  and 
the  order  of  the  succession  of  strata  in 
Norfolk  and  Suffolk,  66. 

Language  and  mvthologjy  as  depart- 
ments of  biological  science,  Edward 
B.  Tylor  on,  120. 

• ,  Dr.  Hughlings  Jackson  on  the 

physiology  of,  120. 

•Languages,  Prof.  Paul  Broca  on  the 
seat  and  faculty  of  articulate,  120. 

Lankester  (E.  R.)  and  H.  N.  Mosely  on 
the  nomenclature  of  mammalian  teeth 
and  the  teeth  of  the  mole,  117 ;  on  the 
oldest  beds  of  the  Crags,  70. 

Lastrea  rigida,  George  Maw  on  the  oc- 
currence of,  in  North  Wales,  105. 

Lawson  (Prof.  M.  A.)  on  the  flora  of 
Skye,  103 ;  on  the  discovery  of  Bux- 
baumia  aphytta  near  London,  104. 

Leaf-organs  of  the  flower,  Dr.  A.  Dick- 
son on  some  of  the  principal  modifica- 
tions of  the  receptacle,  and  their  re- 
lation to  the  "  insertion  "  of  the,  94. 

Learned  societies,  Prof.  Leone  Levi  on 
the  progress  of,  illustrative  of  the 
advancement  of  science  in  the  United 
Kingdom  during  the  last  thirty  years, 
169, 196. 

•Learning  and  teaching,  Joseph  Payne 
on  the  relation  between,  175. 

Levi  (Prof  Leone)  on  the  progress  of 
Learned  Societies,  illustrative  of  the 
advancement  of  science  in  the  United 
Kingdom  during  the  last  thirty  years, 
169, 196;  on  the  present  state  of  the 
question  of  international  coinage,  173. 

Life-boats,  G.  Fawcus  on  improvements 
in  the  packing  of,  189. 

Light,  Dr.  Richardson  on  the  transmis- 
sion of,  through  animal  bodies,  118. 

Liquid  and  solid  substances,  Dr.  Otto 
Itichter  on  a  new  theory  of  the  specific 
volumes  of,  42. 

Liquids,  W.  Fletcher  Barrett  on  sources 
of  error  in  determinations  of  the  ab- 
sorption of  heat  by,  14. 

>  Frederick  Guthrie  on  the  thermal 

resistance  of,  15. 

Lobley  (J.  Logan)  on  the  range  and 
distribution  of  the  British  fossil  Bra- 
chiopoda,  71;  on  the  topography  of 
Vesuvius,  with  an  account  of  the 
recent  eruption,  137. 

•Login  (T.)  on  the  abrading  and  trans- 
porting power  of  water,  193. 

Longmyna  Rocks  of  Sweden,  Prof.  Otto 
Torrell  on  some  new  fossils  from  the, 
80. 

Lothingland,  notice  of  rare  fishes  occur- 


ring in  Norfolk  and,  by  T.  E.  Gtnm, 
97. 
Lowe  (Dr.  John)  on  the  occurrence  of 

3iherical  iron  nodules  in  the  Lower 
reensand,  72. 
Lowne  (Benjamin  T.)  on  type- variation 
and  polymorphism  in  their  relation  to 
Mr.  Darwin's  theory  of  the  origin  of 
species,  104. 
Lumiere,  Prof  Morren  sur  une  actio* 

farticuliere  de  la,  sur  lea  aels  d'argent, 
9. 

Macalister  (Alexander)  on  the  homolo- 
gies and  comparative  anatomy  of  the 
atlas  and  axis,  117. 

M'Intosh  (Dr.  W.  C.)  on  the  nrobosen 
of  Ommatoplea,  105 ;  on  the  Wing  of 
certain  Annelids,  105. 

Mann  (Horace)  on  some  statistics  rela- 
ting to  the  Civil  Service,  174. 

Mann  (Dr.  K.  J.)  on  the  resemblance 
and  contrasts  of  the  climates  of  the 
Mauritius  and  Natal,  21 ;  abstract  of 
meteorological  observations  made  at 
Pietermantzburg,  Natal,  24 ;  on  the 
coal-field  of  Natal,  73 ;  on  the  gold- 
field  of  South  Africa,  137. 

Markham  (Clements  R.)  on  the  physical 
geography  of  the  portion  of  Aovssinia 
traversed  by  the  English  expedition- 
ary force,  138. 

Matthiessen  (Dr.)  and  Dr.  W.  J.  Russell 
on  the  vesicular  structure  of  copper, 
38. 

Mauritius  and  Natal,  Dr.  It.  J.  Mann  on 
the  resemblance  and  contrasts  of  the 
climates  o^  21. 

,  C.  Meldrum  on  storm-warnings  in, 

30. 

Maw  (George)  on  the  sequence  of  the 
deposits  in  Norfolk  and  Suffolk  supe- 
rior to  the  Red  Crag,  73 ;  on  the  oc- 
currence of  Lastrea  rigida  in  North 
Wales,  105. 

Meldrum  (Charles)  on  synoptic  weather- 
charts  of  the  Indian  ocean,  28;  on 
storm-warnings  in  Mauritius,  30. 

Men  and  women,  Miss  L.  E.  Becker  on 
some  supposed  differences  in  the  minds 
of,  with  regard  to  educational  neces- 
sities, 155. 

Merrifield  (Charles  W.)  on  the  necessity 
for  further  experimental  knowledge 
respecting  the  propulsion  of  ships,  19$. 

Meteor  shower  ofAugust  1868,G. Forbes 
on  the,  13. 

Methyl,  acetate  of,  W.  Dittmar  on  the 
vapour-tension  of  formiate  of  etbvl 
and,  36. 
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Methylacetonamine,  F.  Guthrie  on,  38. 

Methylene,  W.  H.  Perkins  on  chloride 
of,  obtained  from  chloroform  by  means 
of  nascent  hydrogen,  40. 

Meusel  (Dr.  E.)  on  a  physical  property 
of  two  coloured  compounds,  39. 

and  C.  Haughton  Gill  on  paraffin 

and  its  products  of  oxidation,  89. 

•Mitscherlich's  law  of  isomorphism,  A. 
R.  Oatton  on,  36. 

Moggridge  (M.)  on  the  "  Mufla  "  of  the 
sulphur-springs  of  Valdieri  in  Pied- 
mont, 106. 

Mole,  E.  R.  Lanke8ter  and  H.  N.  Mosely 
on  the  nomenclature  of  mammalian 
teeth  and  the  teeth  of  the,  117. 

Molluscan  fauna  of  the  Red  Crag,  Alfred 
Bell  on  some,  59. 

Mond  (Dr.  Ludwig)  on  the  manufacture 
of  sulphur  from  alkali  waste  in  Great 
Britain,  40. 

Moon's  surface,  W.  R.  Birt  on  the  ex- 
tent of  evidence  which  we  possess 
elucidatory    of   "  change  "    on   the, 

Moore  (Charles)  on  new  discoveries 
connected  with  quaternary  deposits, 
74. 

More  (A.  G.)  on  the  discovery  of  tfctr- 
vus  parvulus  in  Ireland,  106. 

•Morren  (Professor)  sur  une  action  par- 
ticuliere  de  la  lumiere  sur  les  sels 
d'argent,  19. 

Morris  (Rev.  F.  O.)  on  the  difficulties  of 
Darwinism,  107. 

Mortar,  Roman,  John  Spiller  on  an 
analysis  of  the,  of  Burgh  Castle, 
Suffolk,  43. 

Mosely  (II.  N.)  and  E.  R.  Lankester  on 
the  nomenclature  of  mammalian  teeth 
and  the  teeth  of  the  mole,  117. 

Moss,  Dr.  John  Fraser  on  a  new  British, 
96. 

•Motion,  Dr.  Thompson  Dickson  on  vi- 
tality as  a  mode  of,  114 

Mouth,  Dr.  W.  Kenceley  Bridgman  on 
electrolysis  in  the,  112. 

"Mutfa  "  of  the  sulphur-springs  of  Val- 
dieri in  Piedmont,  M.  Moggridge  on 
the,  106. 

Muhammed  IT.,  great  cannon  of,  F.  A. 
Abel  on  the  chemical  composition  of 
the,  34. 

Mulberry  trees,  Prof.  E.  Faivre  on  annu- 
lar incisions  on  mulberry  trees,  95. 

•Muscles,  Prof.  Rolleston  on  the  pecto- 
rales,  120. 

Mythology,  Edward  B.  Tylor  on  lan- 
guage and,  as  departments  of  biolo- 
gical science,  120. 


Nascent  hydrogen,  W.  H.  Perkin  on 
chloride  of  methylene  obtained  from 
chloroform  by  means  of,  40. 

Natal,  Dr.  R  J.  Mann  on  the  resem- 
blance and  contrasts  of  the  climates 
of  the  Mauritius  and,  21 ;  meteorolo- 
gical observations  made  at  Pieterma- 
ritzburg,  24  j  on  the  coal-field  of,  73. 

Natural  system  of  coinage,  G.  Johnstone 
Stonev  on  the,  177. 

Neison  (Francis  G.  P.)  on  the  influence 
of  occupation  upon  health,  174. 

Newton  (Prof.  Alfred)  on  the  zoological 
aspect  of  game  laws,  108. 

Nicoiav  (Rev.  C.  G.J  on  the  geology 
of  the  Chapada  Diamantina  in  the 
province  of  Bahia,  Brazil,  74. 

Nitro-glycerine,  A.  Nobel  on  dynamite, 
a  recent  preparation  of,  as  a  blasting- 
agent,  194. 

Nobel  (A.)  on  dynamite,  a  recent  pre- 
paration of  nitro-glycerine  as  a  blast- 
ing-agent, 194. 

Nomade  races  of  European  Russia,  H. 
H.  Howorth  on  the,  136. 

Norfolk  farming,  C.  S.  Read  on  the  re- 
cent improvements  in,  177. 

Rev.  O.  Fisher  on  the  denudations 

of,  63. 

,  East,  R.  B.  Grantham  on  the 

Broads  of,  having  reference  to  the 
water-supply,  stowage,  and  drainage, 
191. 

,  W.  D.  Harding  on  the  drainage  of 

the  fens  of  Cambridgeshire,  Hunting- 
donshire, Suffolk,  and,  166. 

>  Sir  Willoughby  Jones  on  the  ar- 
terial drainage  of,  168. 

* ,  C.  B.  Rose  on  the  thickness  of 

the  chalk  in,  77. 

and  Lothin^land,  notice  of  rare 

fishes  occurring  m,  by  T.  E.  Gunn,  97. 

Norfolk  and  Suffolk,  Rev.  J.  Gunn  on 
the  alternate  elevations  and  subsi- 
dences of  the  land,  and  the  order  of 
the  succession  of  strata  in,  66. 

and  Suffolk,  George  Maw  on  the 

sequence  of  the  deposits  in,  superior 
to  the  Red  Crag,  73. 

and  Suffolk,  H.  Stevenson  on  the 

extinction  of  the  Great  Bustard  in,lll. 

and  Suffolk,  S.  V.  Wood,  jun.  and 

F.  W.  Harmer  on  the  glacial  and  post- 
glacial structure  of,  80. 

Northampton,  Charles  Jecks  on  some 
ferruginous  sandstone  of  the  neigh- 
bourhood of,  69. 

•Norwich  Crags,  J.  E.  Taylor  on  the, 
and  their  relation  to  the  manunalife- 
rous  bed;  78. 
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Nuclei,  Charles  Tomlinson  on  the  action 
of,  in  inducing  crystallization,  45. 

Occupation,  Francis  G.  P.  Neison  on  the 
influence  ofj  upon  health,  174. 

Old  Red  Sandstone  of  Kiltorcan  Hill, 
co.  Kilkenny,  \V.  Hellier  Baily  on 
some  fossils  from  the,  58. 

f  J.  W.  Salter  on  a  new  PUrygotus 

from  the  lower,  78. 

Ommatoplea,  Dr.  W.  0.  M'Intosh  on  the 
proboscis  of,  106. 

Organic  functions,  Br.  Richardson  on 
effects  of  extreme  cold  on,  119. 

Origin  of  species,  B.  T.  Lowne  on  type- 
variation  and  polymorphism  in  their 
relation  to  Mr.  Darwin's  theory  of  the, 
104. 
Oxalic  ether,  A.  R.  Catton  on  Lbwig's 
researches  on  the  action  of  sodium 
amalgam  on,  35. 

•Pain,  Prof.  Rolleston  on  the  physiology 
of,  120. 

Palgrave  (W.  Gifford)  on  the  north-east 
Turkish  frontier  and  its  tribes,  140. 

Paraffin,  and  its  products  of  oxidation, 
Dr.  Meusel  and  C.  H.  Gill  on,  39. 

•Patagonia,  Consul  T.  J.  Hutchinson  on 
the  Tehuelche  Indians  of,  137. 

•Patent  monopoly,  Henry  Dircks  on,  as 
affecting  the  encouragement,  improve- 
ment, and  progress  of  science,  arts, 
and  manufactures,  159. 

•Payne  (Joseph)  on  the  relation  between 
learning  and  teaching,  175. 

Peach  (0.  W.)  on  the  fossil  fishes  of 
Cornwall,  76 ;  on  a  new  Eschara  from 
Cornwall,  109. 

Peach,  Dr.  Karl  Koch  on  the  specific 
identity  of  the  almond  and  the,  192. 

Pengelly  (W.)  on  the  condition  of  some 
of  the  bones  found  in  Kent's  Cavern, 
Torquay,  76. 

Perkin  ( W.  H.)  on  chloride  of  methylene 
obtained  from  chloroform  by  means  of 
nascent  hydrogen,  40 ;  on  the  prepa- 
ration of  some  anhydrous  sodium  de- 
rivatives of  the  salicylic  series,  41, 

Phipson  (Dr.  T.  L.)  on  sulphocyanide  of 
ammonium,  41. 

•Physiological  activity,  Dr.  A.  Crum 
Brown  on  the  connexion  between 
chemical  constitution  and,  113. 

Piedmont, M.Moggridge  on  the  "  Muffa" 
of  the  sulphur-springs  of  Valdieri  in, 
106. 

Pietermaritzburff,  Natal,  Dr.  R.  J.Mann's 
meteorological  observations  made  at, 
24.  I 


Plants,  Dr.  Karl  Koch  on  the  usees? 

of  photographing,  to  obtain  a  beca 

knowledge  of  them,  102. 
,  sapindaceous,  Prof.  Raxflkofc*  n 

the  structural  peculiarities  of  cerab* 

109. 
,  South  European,  Prof.  Harney 

on  the  possible  introduction  of,  in  6: 

west  and  south  of  Ireland,  98- 
•Platinum,  C.  W.  Siemens  on  the  dsf- 

tric  conductivity  of,  as  affected  by  tW 

process  of  manufacture,  20. 
Polymorphism,  B.  T.  Lowne  on  tyK- 

variation  and,  in  their  relation  to  Mr. 

Darwin's    theory    of    the    origin  •:* 

species,  104. 
Porter  (Henry  J.  Ker)  on  the  extenKT 

of  the  Contagious  Diseases  Act,  17^ 
Postglacial  structure   of    Norfolk  cd 

Suffolk,  S.  V.  Wood,  jun.,  and  F.  V. 

llarmer  on  the  glacial  and,  80. 
•Prairie  Indians^  W.  Hepworth  Diicnoi 

the  great  Prairies  ana,  134. 
Prairies,  R.  Brown  on  the  formation  ci 

134. 
•Prison-labour,  Sir  John  Bo  wring  an  tl* 

moral  and  pecuniary  results  of,  156. 
Proboscis  of   Ommatoplea,  Dr.  W.  C. 

McIntosh  on  the,  105. 
Projectiles,  Joseph  Whitworth  on  tfce 

proper  form  of,  for  penetration  umkr 

water^  195. 
Propulsion  of  ships,  Charles  W.  Mem- 
field  on  the  necessity  for  further  ex- 
perimental knowledge  respecting  tfcs, 

•Pterodactyle,  H.  G.  Seeley  on  the  re- 
lations between  extinct  and  living 
reptiles,  and  the  present  state  of  om 
knowledge  of,  78. 

Pterygotus,  J.  W.  Salter  on  a  new,  from 
the  Lower  Old  Red  Sandstone,  76. 

Pulse,  Dr.  Francis  E.  Anstie  on  certaii 
effects  of  alcohol  on  the,  11L 

Quaternary  depnosits,  Charles  Moore  on 
new  discoveries  connected  with,  74. 

Queen  Charlotte  Islands,  R.  Brown  on 
the  physical  geography  of  the,  133. 

Radlkofer  (Prof.)  on  the  structural  pecu- 
liarities of  certain  sapindaceous  plants, 
109.  *^^ 

Railway,  W.  Thorold  on  an  auxiliary, 
for  turnpike  roads  and  highways  pas- 
sing through  towns,  105. 

Rankine  (Prof.  W.  J.  Macquorn)  on  a 
probable  connexion  between  the  resis- 
tance of  ships  and  their  mean  depth 
of  immersion,  194. 
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•Bead  (C.  S.)  on  the  recent  improve- 
ments in  Norfolk  farming,  177. 

.Receptacle,  Dr.  A.  Dickson  on  some  of 
the  principal  modifications  of  the.  and 
their  relation  to  the  "insertion  of 
the  leaf-organs  of  the  flower,  94. 

Rectangular  vibrations,  W.  Fletcher 
Barrett  on  a  simple  method  of  exhi- 
biting the  combination  of,  13. 

Red  Crag,  Alfred  Bell  on  some  mollus- 
can  fauna  of  the,  59. 

•Refraction,  double,  A.  R.  Oatton  on 
certain  facts  bearing  on  the  theory  of, 
17. 

equivalents  and  chemical  theories, 

Dr.  J.  H.  Gladstone  on,  37. 

•Reptiles,  II.  G.  Seeley  on  the  relations 
between  extinct  ana  living,  and  the 
present  state  of  our  knowledge  of  Pte- 
rodactyle,  78. 

Reptilian  remains,  James  Thomson  on 
certain,  found  in  the  carboniferous 
strata  of  Lanarkshire,  79. 

Richards  (Captain),  Address  as  President 
of  the  Geographical  and  Ethnological 
Section,  121. 

Richardson  (Dr.)  on  the  transmission  of 
light  through  animal  bodies,  118 ;  on 
effects  of  cold  on  organic  functions, 
119. 

Richter  (Otto)  general  outline  of  an 
original  system  of  chemical  philosophy 
comprising  the  determination  of  the 
volume-equivalents,  as  also  a  new 
theory  of  the  specific  volume  of  liquid 
and  solid  substances,  42. 

Rigidity,  resume*  of  experiments  on,  by 
Prof.  J.  D.  Everett,  8. 

•Rio  de  la  Plata,  Consul  T.  J.  Hutchin- 
son on  the  rivers  and  territories  of  the, 
137. 

Rivers,  intermittent,  R.  Brown  on  the 
formation  of,  134. 

Roclring-stones,  artificial,  an  experiment 
by  W.  R.  Grove,  05. 

*Rolleston  (Prof.  George)  on  nectorales 
muscles,  120  j  on  the  physiology  of 
pain,  120 ;  on  sixteen  Eskimo  crania, 
120. 

Rome,  Padre  Secchi  on  some  meteoro- 
logical results  obtained  at  the  obser- 
vatorv  at,  30. 

Rose  (0.  B.)  on  the  Crag  at  Aldeby,  77. 

* on  the  thickness  of  the  chalk  in 

Norfolk,  77 ;  on  the  conchoids!  frac- 
ture of  flint  as  seen  on  flint-faced 
buildings  in  Norwich,  Yarmouth,  &c, 
77. 

Russell  (W.  H.  L.)  on  the  division  of 
elliptic  functions,  10. 


Russell  (Dr.  W.  J.)  and  Dr.  Matthiessen 
on  the  vesicular  structure  of  copper, 
38. 

Russia,  European,  H.  H.  Howorth  on 
the  nomade  races  of,  136. 

Salicylic  series,  W.  H.  Perkins  on  the 
preparation  of  some  anhydrous  sodium 
derivatives  of  the,  41. 

Salter  (J.  W.)  on  a  new Pierygotus  from 
the  lower  Old  Red  Sandstone,  78. 

Sandstone,  ferruginous,  Charles  Jocks  on 
the,  in  the  neighbourhood  of  North- 
ampton, 09. 

Sapindaceous  plants,  Prof.  Radlkofer  on 
the  structural  peculiarities  of  certain, 
109. 

•Schools.  T.  B.  Grierson  on  education  in 
natural  science  in.  97. 

Science,  W.  Brown  on  arboriculture  as 
a,  90. 

,  Prof.  Leone  Levi  on  the  progress 

of  learned  societies,  illustrative  of  the 
advancement  of,  in  the  United  King- 
dom during  the  past  thirty  years,  169, 
196. 

,  physical,  Lieut-Colonel  A.  Strange 

on  the  necessity  for  State  intervention 
to  secure  the  progress  of,  6. 

Scirpus  parmdus,  A.  G.  More  on  the 
dxscoverv  of,  in  Ireland,  106. 

Scottish  ffora,  Prof.  Balfour  on  some 
additions  to  the,  89. 

Sea-water,  Prof.  J.  A.  Wanklyn  on,  46. 

Secchi  (Padre)  on  some  meteorological 
results  obtained  in  the  observatory  at 
Rome,  30. 

•Secondary  strata  of  England,  IT.  G. 
Seeley  on  the  classification  of,  78. 

Seely's  (Mr.  C,  M.P.)  and  F.  P.  Fel- 
lows's  new  scheme  for  Admiralty  esti- 
mates, 159. 

•Seeley  (II.  G.)  on  the  relations  between 
extinct  and  living  reptiles,  and   the 

{iresent  state  of  our  knowledge  of 
'terodactyle,  78 ;  on  the  classification 
of  the  secondary  strata  of  England,  78. 

Selkirkshire,  Prof.  Balfour  on  the  occur- 
rence of  Hieracium  collinum  (Fries) 
in,  89. 

*Sels  d'argent,  Prof.  Morren  sur  une 
action  particuliere  de  la  lumiere  sur 
les,  19. 

Sepulchral  remains  of  Southern  India. 
Sir  Walter  Elliot  on  the,  134. 

•Sessile-eyed  Crustacea,  C.  Spence  Bate 
and  Prof.  Westwood  on  tne  geogra- 
phical distribution  of  the  British 
genera  of  the,  89. 

•Seychelle  group  of  islands,  Pro£  E.  P. 
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Wright  on  the  flora  and  fauna  of  the, 
111. 

Seychelle  Islands,  Prof.  E.  Wright  on 
the,  143. 

•Sharp  (Granville),  description  of  Hong 
Konff,  141. 

Sharp  (Samuel)  on  a  remarkable  incrus- 
tation in  Northamptonshire,  78. 

•Shipping  casualties,  a  brief  statement 
of  the  recent  progress  and  present 
aspect  of  statistical  mquiry  in  relation 
to,  by  Henry  Jeula,  lo8. 

Ships,  Prof.  W.  J.  Macquorn  RanHne 
on  a  probable  connexion  between  the 
resistance  of,  and  their  mean  depth  of 
immersion,  194 

,  Charles  W.  Merrifield  on  the  ne- 
cessity for  further  experimental  know- 
ledge respecting  the  propulsion  of, 
193. 

•Siemens  (C.  W.}  on  the  electrical  con- 
ductivity of  platinum  as  affected  by 
the  progress  of  manufacture,  20. 

Sinai,  T.  W.  Holland  on  the  peninsula 
of,  and  its  geographical  bearings  on 
the  history  of  the  Exodus,  135. 

Skye,  Prof.  M.  A.  Lawson  on  the  flora 
of,  103. 

•Slate-veins  of  Festiniog,  S.  Jenkins  on 
the  noted,  70. 

Smith  (Dr.  R.  Angus)  on  the  absorption 
of  gases  by  charcoal,  44 

•Smith  (Prof  H.  J.  Stephen)  on  a  con- 
struction for  the  ninth  cubic  point, 
10;  on  geometrical  constructions  in- 
volving imaginary  data,  10 ;  on  a  pro- 
perty of  the  nessian  of  a  cubic  surface, 

•Smith  (W.)  on  the  progress  and  exter- 
mination of  the  cattle  plague  in  Nor- 
folk, 177. 

Sodium  derivatives,  anhydrous,  of  the 
salicylic  series,  W.  H.  Perkin  on  the 
preparation  of  some,  41. 

Solar  spectrum,  George  Gladstone  on 
the  atmospheric  lines  of  the,  in  high 
latitudes,  18. 

•Solid,  rotation  of  a,  Prof.  P.  G.  Tait  on 
the  application  of  quaternions  to  the, 

Spectra,  absorption,  Br.  J.  H  Gladstone 

on  the  value  of  the  hollow  wedge  in 

examining,  18. 
Spectrum,  solar,  George  Gladstone  on 

the  atmospheric  lines  of  the,  in  high 

latitudes,  18. 
Spiller  (John),  analysis  of  the  Roman 

mortar  of  Burgh  Castle,  Suffolk,  43. 
Steam-boiler  explosions,  Lavington  E. 

Fletcher  on  the  unsatisfactory  cha- 


racter of  coroners*  inquests  consequent 
on,  190. 

Steel  manufacture,  Ferdinand  Kohn  on 
the  recentprogrees  o£  193. 

Stevenson  (H.)  on  the  extinction  of  the 
Great  Bustard  in  Norfolk  and  Suffolk, 
111. 

Stoney  (G.  Johnstone)  on  the  natural 
system  of  coinage,  1/7. 

Storm-warnings  in  Mauritius,  C.  Mel- 
drum  on,  30. 

Strange  (Lieut.-CoL  A.)  on  the  neces- 
sity for  State  intervention  to  secure 
the  progress  of  physical  science,  6. 

Strata,  the  Rev.  J.  Gunn  on  the  alter- 
nate elevations  and  subsidences  of  the 
land,  and  the  order  of  the  succession 
of,  in  Norfolk  and  Suffolk,  66. 

•Strutt  (the  Hon.  J.  W.)  on  a  perma- 
nent  deflection  of  the  galvanometer- 
needle  by  a  rapid  series  of  equal  and 
opposite  induced  currents,  20. 

Suffolk,  eastern  coast  of,  Dr.  Edwards 
Crisp  on  the  skeleton  of  a  fossil  whale 
recently  exhumed  on  the,  61. 

,  the  Rev.  J.  Gunn  on  the  alternate 

elevations  and  subsidences  of  the  land, 
and  the  order  of  succession  of  strata 
in  Norfolk  and,  66. 

,  W.  D.  Harding  on  the  drainage  of 

the  fens  of  Cambridgeshire,  Hunting- 
donshire, Norfolk,  and,  166. 

,  George  Maw  on  die  sequence  of 

the  deposits  in  Norfolk  and,  superior 
to  the  Red  Crag,  73. 

,  H.  Stevenson  on  the  extinction  of 

the  Great  Bustard  in  Norfolk  and,  1 1L 

,  S.  V.  Wood,  jun.,  and  F.  W. 

Harmer  on  the  glacial  and  post- 
glacial structure  of  Norfolk  and,  80. 

Sulphocyanide  of  ammonium,  Dr.  T.  L. 
Phipson  on,  41. 

Sulphur,  Dr.  Ludwig  Mond  on  the 
manufacture  of,  from  alkali  waste  in 
Great  Britain,  40. 

Sulphur-springs  of  Valdieri  in  Piedmont, 
M.  Moggridge  on  the  "  Mufla  "  of  the, 
106. 

Sweden,  Professor  Otto  Torrell  on  some 
new  fossils  from  the  Longmynd  rocks 
of;  80. 

Sylvester  (J.  J.)  on  the  successive  invo- 
lutes to  a  circle,  10. 

•Tait  (Prof  P.  G.)  on  the  application 

of  auaternions  to  the  rotation  of  a 

solid,  11. 
•Taylor  (J.  E.)  on  the  Norwich  crags 

and  their  relation  to  the  mammalife- 

rous  bed;  7b. 
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Teeth  of  mammalia,,  W.  H.  Flower  on 
the  homologies  and  notation  of  the. 
115. 

Teeth,  E.  R.  Lankester  and  H.  N.  Mosely 
on  the  nomenclature  of  mammalian, 
and  the  teeth  of  the  mole,  117. 

•Tehuelche  Indians  of  Patagonia,  Consul 
T.  J.  Hutchinson  on  the,  137. 

Telegraph  apparatus,  Pro£  0.  Zenger  on 
a  new  automatic,  21. 

Tennant  (Prof.)  on  the  recent  discovery 
of  diamonds  in  the  Gape  Colony,  79. 

•Tertiary  deposits  of  Victoria,  H.  M. 
Jenkins  on  the,  70. 

Thermal  resistance  of  liquids,  Frederick 
Guthrie  on  the,  15. 

Thomson  (James)  on  certain  reptilian 
remains  found  in  the  Carboniferous 
strata  of  Lanarkshire,  79. 

•Thomson's  (R.  W.)  patent  road-steamer, 
Prof.  Archer  on,  188. 

Thorold  (W.)  on  an  auxiliary  railway  for 
turnpike  roads  and  highways  passing 
through  towns,  195. 

Three-cornered  constituencies,  R.  B. 
Hayward  on  the  chances  of  success 
or  failure  of  candidates  for,  9. 

Thyktcinus,  Br.  Edwards  Crisp  on  some 
points  relating  to  the  visceral  anatomy 
of  the,  114. 

Timber-trees  of  India,  Dr.  Hugh  Cleg- 
horn  on  the  distribution  of  the  prin- 
cipal, and  the  progress  of  forest  con- 
servancy, 91. 

Tomlinson  (Charles)  on  the  action  of 
nuclei  in  inducing  crystallization, 
45. 

Torrell  (Prof.  Otto)  on  some  new  fossils 
from  the  Longmynd  rocks  of  Swe- 
den, 80 :  on  the  tusks  of  the  walrus, 
111. 

Tramways,  H.  Bright  on  London  street-, 
189. 

•Turkey,  crested  or  top-knotted,  A.  D. 
Bartlett  on  the,  89. 

— ,  Dr.  Hyde  Clarke  on  the  progress 
of,  157. 

Turkish  frontier  (north-east)  and  its 
tribes,  W.  Gifford  Palgrave  on  the, 
140. 

Tylor  (Edward  B.)  on  language  and 
"mythology  as  departments  of  biolo- 
gical science,  120. 

Tyndall  (Prof.),  Address  as  President 
of  the  Mathematical  and  Physical 
Section,  1. 

Type-variation  and  polymorphism,  B.  T. 
Lowne  on,  in  their  relation  to  Mr. 
Darwin's  theory  of  the  origin  of  spe- 
cies, 104. 


Uigurs,  Prof.  A.  VambSry  on  the,  141. 

United  Kingdom,  Prof.  Leone  Levi  on 
the  progress  of  learned  societies,  illus- 
trative of  the  advancement  of  science 
in  the,  during  the  past  thirty  years, 
169, 196. 

Upper  Lombardv,  P.  Le  Neve  Foster, 
jun.,  on  the  irrigation  of,  by  new  canals 
to  be  derived  from  the  lakes  Lugano 
and  Maggiore,  190. 

Utterance,  K.  Dunn  on  the  power  of,  in 
respect  to  its  cerebral  bearings  and 
causes,  114. 

Vambe*ry  (Prof:  A.)  on  the  Uigurs,  141. 

Vapour- tension  of  formiate  of  ethyl  and 
acetate  of  methyl,  W.  Dittmar  on  the, 
36. 

Varley  (F.  W.)  on  the  construction  of 
a  galvanometer  for  the  detection  of 
weak  electric  currents,  20. 

Vesicular  structure  of  copper,  Dr.  Mat- 
thiessen  and  Dr.  W.  J.  Russell  on,  38. 

Vesuvius,  J.  Logan  Lobley  on  the  topo- 
graphy of,  with  an  account  of  the 
recent  eruption,  137. 

Vibrations,  rectangular,  W.  Fletcher 
Barrett  on  a  simple  method  of  exhi- 
biting the  combination  of,  13. 

•Victoria  and  Albert  rivers,  North 
Australia,  T.  Baines  on,  130. 

•Vitality,  Dr.  Thompson  Dickson  on,  as 
a  mode  of  motion,  114. 

Volume-equivalents,  Dr.  Otto  Richter 
on  an  original  system  of  chemical 
philosophy,  comprising  the  determi- 
nation of  the,  as  also  a  new  theory 
of  the  specific  volumes  of  liquid  and 
solid  substances,  42. 

Waddington  (A.)  on  the  overland  route 
through  British  North  America,  141. 

Wage-paid  classes,  F.  S.  Corrance  on 
the  past,  present,  and  future  of  the, 
157. 

Wales,  North,  George  Maw  on  the  oc- 
currence of  Lastrea  rigida  in,  10. 

Wales,  Dr.  Edwards  Crisp  on  the  sta- 
tistics of  pulmonary  consumption  in 
623  districts  in  England  and,  158. 

•Walrus,  Dr.  Otto  Torrell  on  the  tusks 
of  the,  111. 

Wanklyn  (Prof.  J.  A.),  note  on  sea- 
water,  46;  researches  on  the  ethers, 
46. 

Wasps  and  their  nests,  John  Hogg  on 
two  British,  101. 

•Water,  T.  Login  on  the  abrading  and 
transportingpower  of,  193. 

,  Joseph  Whitworth  on  the  proper 
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fonn  of  projectiles  for  penetration 
under,  195. 

•WateT,Rev.Prof.  Willis  on  the  arrange- 
ments employed  for  the  distribution 
of,  to  the  towns  and  dwellings  in  the 
middle  ages,  196. 

Weather-charts,  synoptic,  of  the  Indian 
Ocean,  Charles  Meldrum  on,  28. 

WeUingtmia  gigantea,  John  Hogg  on 
the,  with  remarks  on  its  form  and 
rate  of  growth,  as  compared  with  the 
CedrusLibam,  100. 

•Westwood  (Prof.)  and  C.  Spence  Bate 
on  the  geographical  distribution  of 
the  British  genera  of  the  sessile-eyed 
Crustacea,  89. 

Whale,  fossil.  Dr.  Edwards  Crisp  on  the 
skeleton  of  a,  recently  exhumed,  on 
the  western  coast  of  Suffolk,  61. 

Whitworth  ("Joseph)  on  the  proper  form 
of  projectiles  for  penetration  under 
water,  195. 

•Whymper  (Edward)  on  explorations  in 
Greenland,  143, 


•Willis  (Rev.  Prof)  on  the  arrange- 
ments employed  for  the  distribution 
of  water  to  towns  and  dwellings  in 
the  middle  ages,  196. 

•Wilson  (R)  on  the  classification  of 
labour,  179. 

Women,  Miss  L.  E.  Becker  on  some 
supposed  differences  in  the  minds  of 
men  and,  with  regard  to  educational 
necessities,  155. 

Wood  (Searles  V.,  jun.)  and  F.  W. 
Harmer  on  the  glacial  and  post- 
glacial structure  of  Norfolk  and  Suf- 
folk, 80. 

Wood  (Thomas)  on  chemistry  as  a 
branch  of  education,  49. 

•Wright  (Prof.  E.  Perceval)  on  the  flora 
and  fauna  of  the  Seychelle  group  of 
islands,  111. 

,  on  the  Seychelle  islands,  143. 

Zenger  (Prof.  C.)  on  a  new  automatic 
telegraph  apparatus,  21. 


Digitized  by 


Google 


B 


BRITISH  ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 


The  Published  Reports  of  Proceedings  at  the  Meetings  of  the  Association 
may  be  obtained  by  Members  on  application  to  Messrs.  Taylor  &  Francis, 
Printing  Office,  Red  Lion  Court  Fleet  Street,  London,  E.C.,  at  the  following 
prices,  viz. — Reports  for  1 849-67,  at  two-thirds  of  the  Publication  Price;  and 
for  the  purpose  of  completing  their  sets,  any  of  the  first  seventeen  volumes, 
of  which  more  than  100  copies  remain,  at  one-third  of  the  Publication  Price* 

Associates  for  the  Meeting  in  1867  may  obtain  the  Volume  for  the  Tear  at  the  tame  price 

as  Members. 


PROCEEDINGS  op  the  FIRST  and  SECOND  MEETINGS,  at  York 
and  Oxford,  1831  and  1832,  Published  at  ISs.  6d. 

Contents  :— Prof.  Airy,  on  the  Progress  of  Astronomy ;— J.  W.  Lubbock,  on  the  Tides ; 
— Prof.  Forbes,  on  the  Present  State  of  Meteorology ; — Prof.  Powell,  on  the  Present  State 
of  the  Science  of  Radiant  Heat ; — Prof.  Cumming,  on  Thermo-EIectricity ; — Sir  D.  Brewster, 
on  the  Progress  of  Optics ; — Rey.  W.  Whewell,  on  the  Present  State  of  Mineralogy ;— Rev. 
W.  D.  Conybeare,  on  the  Recent  Progress  and  Present  State  of  Geology  j — Dr.  Prichard's 
Review  of  Philological  and  Physical  Researches. 

Together  with  Papers  on  Mathematics,  Optics,  Acoustics,  Magnetism,  Electricity,  Chemistry, 
Meteorology,  Geography,  Geology,  Zoology,  Anatomy,  Physiology,  Botany,  and  the  Arts ; 
and  an  Exposition  of  the  Objects  and  Plan  of  the  Association,  &c. 

PROCEEDINGS  op  the  THIRD  MEETING,  at  Cambridge,  1833, 
Published  at  12*. 

Contents  : — Proceedings  of  the  Meeting ; — John  Taylor,  on  Mineral  Veins  ; — Dr. 
Lindley,  on  the  Philosophy  of  Botany ; — Dr.  Henry,  on  the  Physiology  of  the  Nervous  Sy- 
stem;— P.  Barlow,  on  the  Strength  of  Materials; — S.  H.  Christie,  on  the  Magnetism  of  the 
Earth; — Rev.  J.  Challis,  on  the  Analytical  Theory  of  Hydrostatics  and  Hydrodynamics;— 
G.  Rennie,  on  Hydraulics  as  a  Branch  of  Engineering,  Part  I. ; — Rev.  G.  Peacock,  on  certain 
Branches  of  Analysis. 

Together  with  papers  on  Mathematics  and  Physics,  Philosophical  Instruments  and  Mecha- 
nical Arts,  Natural  History,  Anatomy,  Physiology,  and  History  of  Science. 

PROCEEDINGS  of  the  FOURTH  MEETING,  at  Edinburgh,  1834, 
Published  at  15s. 

Contents: — H.  G.  Rogers,  on  the  Geology  of  North  America; — Dr.  C.  Henry,  on  the 
Laws  of  Contagion  j — Prof.  Clark,  on  Animal  Physiology ;— Rev.  L.  Jcnyns,  on  Zoology;— 
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Rev.  J.  Challis,  on  Capillary  Attraction; — Pro£  Lloyd,  on  Physical  Optics j— G.  Reuse,  si 
Hydraulics,  Part  II. 

Together  with  the  Transactions  of  the  Sections,  and  Recommendations  of  the  Asmara 
and  its  Committees. 

PROCEEDINGS  op  the  FIFTH  MEETING,  at  Dublin,  1835,  ft*. 
lished  at  \2>s.  6d. 

Contents  :— Rev.  W.  Whewell,  on  the  Recent  Progress  and  Present  Condition  of  Ae 
Mathematical  Theories  of  Electricity,  Magnetism,  and  Heat;  —  A.  Quetelet,  Aperpi  k 
l'Etat  actuel  des  Sciences  Mathematiques  chez  les  Beiges; — Capt  E.  Sabine,  on  tbePse- 
nomena  of  Terrestrial  Magnetism. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Sir  W.  Hamilton's  Address,  aid  Re. 
commendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SIXTH  MEETING,  at  Bristol,  1836,  M 
lished  at  1 2s. 

Contents: — Prof.  Daubeny,  on  the  Present  State  of  our  Knowledge  with  respect  to  ICir- 
ral  and  Thermal  Waters ; — Major  E.  Sabine,  on  the  Direction  and  Intensity  of  the  Temitral 
Magnetic  Force  in  Scotland; — J.  Richardson,  on  North  American  Zoology ;— Rev.  J. Chafe, 
on  the  Mathematical  Theory  of  Fluids; — J.  T.  Mackay,  a  Comparative  View  of  tbew* 
remarkable  Plants  which  characterize  the  neighbourhood  of  Dublin  and  Edinburgh,  aid  tk 
South-west  of  Scotland,  &c. ; — J.  T.  Mackay,  Comparative  Geographical  Noticeiofik 
more  remarkable  PJants  which  characterize  Scotland  and  Ireland ; — Report  of  the  London  Sob- 
Committee  of  the  Medical  Section  on  the  Motions  and  Sounds  of  the  Heart; — Second  Bepwr 
of  the  Dublin  Sub-Committee  on  the  Motions  and  Sounds  of  the  Heart; — Report  of  the  Wfa 
Committee  on  the  Pathology  of  the  Brain  and  Nervous  System ; — J.  W.  Lubbock,  Awo* 
of  the  Recent  Discussions  of  Observations  of  the  Tides; — Rev.  B.  Powell,  on  determining  fr 
Refractive  Indices  for  the  Standard  Rays  of  the  Solar  Spectrum  in  various  media; — Dr.  Hodgfe, 
on  the  Communication  between  the  Arteries  and  Absorbents; — Prof.  Phillips,  Report  of  E^ci- 
menu  on  Subterranean  Temperature ; — Prof.  Hamilton,  on  the  Validity  of  a  Method  receoth 
proposed  by  G.  B.  Jerrard,  for  Transforming  and  Resolving  Equations  of  Elevated  Degreei 

Together  with  the  Transactions  of  the  Sections,  Pro£  Daubeny's  Address,  and  RecomiKs- 
dations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SEVENTH  MEETING,  at  Liverpool,  185?, 
Ptiblished  at  16s.  6d. 

Contents  : — Major  E.  Sabine,  on  the  Variations  of  the  Magnetic  Intensity  observed  st^' 
ferent  points  of  the  Earth's  Surface ; — Rev.  W.  Taylor,  on  the  various  modes  of  Printing  fa 
the  Use  of  the  Blind ; — J.  W.  Lubbock,  on  the  Discussions  of  Observations  of  the  Titer 
Prof.  T.  Thomson,  on  the  Difference  between  the  Composition  of  Cast  Iron  produced  by  tst 
Cold  and  Hot  Blast ; — Rev.  T.  R.  Robinson,  on  the  Determination  of  the  Constant  of  NstH* 
by  the  Greenwich  Observations ; — R.  W.  Fox,  Experiments  on  the  Electricity  of  Meuffic 
Veins,  and  the  Temperature  of  Mines; — Provisional  Report  of  the  Committee  of  the  Medies 
Section  of  the  British  Association,  appointed  to  investigate  the  Composition  of  Secretions,"* 
the  Organs  producing  them ; — Dr.  G.  O.  Rees,  Report  from  the  Committee  for  inquiring  n*> 
the  Analysis  of  the  Glands,  &c.  of  the  Human  Body ; — Second  Report  of  the  London  Snb-Ccn> 
mittee  of  the  British  Association  Medical  Section,  on  the  Motions  and  Sounds  of  the  Hesrtr 
Prof.  Johnston,  on  the  Present  State  of  our  Knowledge  in  regard  to  Dimorphous  Bodies  r- 
Lt.-Col.  Sykes,  on  the  Statistics  of  the  Four  Collectorates  of  Dukhun,  under  the  British  Go- 
vernment;— E.Hodgkinson,  on  the  relative  Strength  and  other  Mechanical  Properties  of  lr*> 
obtained  from  the  Hot  and  Cold  Blast ; — W.  Fairbairn,  on  the  Strength  and  other  ProperwJ 
of  Iron  obtained  from  the  Hot  and  Cold  Blast ; — Sir  J.  Robison,  and  J.  S.  Russell,  Report « 
the  Committee  on  Waves; — Note  by  Major  Sabine,  being  an  Appendix  to  his  Report  on  the 
Variations  of  the  Magnetic  Intensity  observed  at  different  Points  of  the  Earth's  Sor&cer- 
J.  Yates,  on  the  Growth  of  Plants  under  Glass,  and  without  any  free  communication  with  the 
outward  Air,  on  the  Plan  of  Mr.  N.  J.  Ward,  of  London.  ^ 

Together  with  the  Transactions  of  the  Sections,  Prof.  Traill's  Address,  and  Reconn»eB«> 
tions  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  EIGHTH  MEETING,  at  Newcastle  18ft 
Published  at  1 5s. 
Contents  :— Rev.  W.  Whewell,  Account  of  a  Level  Line,  measured  from  the  Bristol  Cb* 
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nel  to  the  English  Channel,  by  Mr.  Bunt ; — Report  on  the  Discussions  of  Tides,  prepared 
under  the  direction  of  the  Rev.  W.  W  he  well ; — W.  S.  Harris,  Account  of  the  Progress  and 
State  of  the  Meteorological  Observations  at  Plymouth ; — Major  E.  Sabine,  on  the  Magnetic 
Isoclinal  and  lsodynamic  Lines  in  the  British  Islands; — D. Lardner,  LL.D., on  the  Determi- 
nation of  the  Mean  Numerical  Values  of  Railway  Constants ; — R.  Mallet,  First  Report  upon 
Experiments  upon  the  Action  of  Sea  and  River  Water  upon  Cast  and  Wrought  Iron ; — R. 
Mallet,  on  the  Action  of  a  Heat  of  212°  Fahr.,  when  long  continued,  on  Inorganic  and  Organic 
Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murch won't  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINTH  MEETING,  at  Birmingham,  18S9, 
Published  at  13s.  6d. 

Contents  : — Rev.  B.  Powell,  Report  on  the  Present  State  of  our  Knowledge  of  Refractive 
Indices^for  the  Standard  Rays  of  the  Solar  Spectrum  in  different  media; — Report  on  the  Ap- 
plication of  the  Sum  assigned  for  Tide  Calculations  to  Rev.  W.  Whewell,  in  a  Letter  from  T.  6. 
Bunt,  Esq. ; — H.  L.  Pattinson,  on  some  Galvanic  Experiments  to  determine  the  Existence  or 
Non-Existence  of  Electrical  Currents  among  Stratified  Rocks,  particularly  those  of  the  Moun- 
tain Limestone  formation,  constituting  the  Lead  Measures  of  Alton  Moor; — Sir  D.  Brewster, 
Reports  respecting  the  two  series  of  Hourly  Meteorological  Observations  kept  in  Scotland  j — 
Report  on  the  subject  of  a  series  of  Resolutions  adopted  by  the  British  Association  at  their 
Meeting  in  August  1838,  at  Newcastle ;— R.  Owen,  Report  on  British  Fossil  Reptiles; — E. 
Forbes,  Report  on  the  Distribution  of  Pulmoniferous  Mollusca  in  the  British  Isles ; — W.  S. 
Harris,  Third  Report  on  the  Progress  of  the  Hourly  Meteorological  Register  at  Plymouth 
Dockyard. 

Together  with  the  Transactions  of  the  Sections,  Rev.  W.  Vernon  Harcourt's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TENTH  MEETING,  at  Glasgow,  1840, 
Published  at  15s. 

Contents  : — Rev.  B.  Powell,  Report  on  the  recent  Progress  of  discovery  relative  to  Radiant 
Heat,  supplementary  to  a  former  Report  on  the  same  subject  inserted  in  the  first  volume  of  the 
Reports  of  the  British  Association  for  the  Advancement  of  Science ; — J.  D.  Forbes,  Supple- 
mentary Report  on  Meteorology  j — W.  S.  Harris,  Report  on  Prof.  WhewelPs  Anemometer, 
now  in  operation  at  Plymouth ; — Report  on  "  The  Motion  and  Sounds  of  the  Heart,"  by  the 
London  Committee  of  the  British  Association,  for  1839-40  ;— Prof.  Schonbein,  an  Account  of 
Researches  in  Electro-Chemistry ; — R.  Mallet,  Second  Report  upon  the  Action  of  Air  and 
Water,  whether  fresh  or  salt,  clear  or  foul,  and  at  various  temperatures,  upon  Cast  Iron, 
Wrought  Iron  and  Steel ; — R.  W.  Fox,  Report  on  some  Observations  on  Subterranean  Tem- 
perature ; — A.F.  Osier,  Report  on  the  Observations  recorded  during  the  years  1837, 1838, 1839, 
and  1840,  by  the  Self-registering  Anemometer  erected  at  the  Philosophical  Institution,  Bir- 
mingham ; — Sir  D.  Brewster,  Report  respecting  the  two  Series  of  Hourly  Meteorological  Ob- 
servations kept  at  Inverness  and  Kingussie,  from  Nov.  1st,  1838  to  Nov.  1st,  1839; — W. 
Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  Vertebrata ; — C.  J.  B.  Williams,  M.D., 
Report  of  Experiments  on  the  Physiology  of  the  Lungs  and  Air-Tubes ; — Rev.  J.  S.  Henslow, 
Report  of  the  Committee  on  the  Preservation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  and  Major  E.  Sabine's 
Address,  and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  ELEVENTH  MEETING,  at  Plymouth, 
1841,  Published  at  IS*.  6d. 

Contents  :— Rev.  P.  Kelland,  on  the  Present  state  of  our  Theoretical  and  Experimental 
Knowledge  of  the  Laws  of  Conduction  of  Heat ; — G.  L.  Roupell,  M.D.,  Report  on  Poisons; — 
T.  G.  Bunt,  Report  on  Discussions  of  Bristol  Tides,  under  the  direction  of  the  Rev.  W.  Whewell; 
— D.  Ross,  Report  on  the  Discussions  of  Leith  Tide  Observations,  under  the  direction  of  the 
Re?.  W.  Whewell ; — W.  S.  Harris,  upon  the  working  of  Whewell's  Anemometer  at  Plymouth 
during  the  past  year ; — Report  of  a  Committee  appointed  for  the  purpose  of  superintend- 
ing the  scientific  cooperation  of  the  British  Association  in  the  System  of  Simultaneous  Obser 
various  in  Terrestrial  Magnetism  and  Meteorology ; — Reports  of  Committees  appointed  to  pro- 
vide Meteorological  Instruments  for  the  use  of  M.  Agassis  and  Mr.  M'Cord ; — Report  of  a  Com- 
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mittee  to  superintend  the  reduction  of  Meteorological  Observations ; — Report  of  a  Com- 
mittee for  revising  the  Nomenclature  of  the  Stars ; — Report  of  a  Committee  for  obtaining  In- 
struments and  Registers  to  record  Shocks  and  Earthquakes  in  Scotland  and  Ireland ; — Report  of 
a  Committee  on  the  Preservation  of  Vegetative  Powers  in  Seeds ; — Dr.  Hodgkin,  on  Inquiries 
Into  the  Races  of  Man ; — Report  of  the  Committee  appointed  to  report  how  far  the  Desiderata 
in  our  knowledge  of  the  Condition  of  the  Upper  Strata  of  the  Atmosphere  may  be  supplied  by 
means  of  Ascents  in  Balloons  or  otherwise,  to  ascertain  the  probable  expense  of  such  Experi- 
ments, and  to  draw  up  Directions  for  Observers  in  such  circumstances  ; — R.  Owen,  Report 
on  British  Fossil  Reptiles  ; — Reports  on  the  Determination  of  the  Mean  Value  of  Railway 
Constants ;— D.  Lardner,  LL.D.,  Second  and  concluding  Report  on  the  Determination  of  the 
Mean  Value  of  Railway  Constants; — E.  Woods,  Report  on  Railway  Constants; — Report  of  s 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam- Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Whewell's  Address,  and  Reconiaea. 
dations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWELFTH   MEETING,  at  Manclpster, 

1842,  Published  at  10*.  6a\ 

Contents  : — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  Briiki 
Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations;— 
J.  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zealand,-— 
W.  S.  Harris,  Report  on  the  Progress  of  Meteorological  Observations  at  Plymouth ; — Second 
Report  of  a  Committee  appointed  to  make  Experiments  on  the  Growth  and  Vitality  of  Seeds; 
— C.  Vignoles,  Keport  of  the  Committee  on  Railway  Sections  ; — Report  of  the  Committee 
for  the  Preservation  of  Animal  and  Vegetable  Substances  ;—  Lyon  Play  fair,  M.D.,  Abstract 
of  Prof.  Lieblg's  Report  on  Organic  Chemistry  applied  to  Physiology  and  Pathology  t- 
R.  Owen,  Report  on  the  British  Fossil  Mammalia,  Part  I.; — R.  Hunt,  Researches  on  tie 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants ; — L.  Agassiz,  Report 
on  the  Fossil  Fishes  of  the  Devonian  System  or  Old  Red  Sandstone ; — W.  Fairbairo,  Ap- 
pendix to  a  Report  on  the  Strength  and  other  Properties  of  Cast  Iron  obtained  from  the  Hot 
and  Cold  Blast ; — D.  Milne,  Report  of  the  Committee  for  Registering  Shocks  of  Earthquakes 
in  Great  Britain  ; — Report  of  a  Committee  on  the  construction  of  a  Constant  Indicator  far 
Steam-Engines,  and  for  the  determination  of  the  Velocity  of  the  Piston  of  the  Self-acting  Eb- 
gine  at  different  periods  of  the  Stroke  ; — J.  S.  Russell,  Report  of  a  Committee  on  the  Form  erf 
Ships ;— Report  of  a  Committee  appointed  "to  consider  of  the  Rules  by  which  the  Nomenela- 
ture  of  Zoology  may  be  established  on  a  uniform  and  permanent  basis ;  "—Report  of  a  Com- 
mittee on  the  Vital  Statistics  of  large  Towns  in  Scotland ; — Provisional  Reports,  and  Noticei 
of  Progress  in  special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Egerton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  op    the    THIRTEENTH    MEETING,   at   Cork, 

1843,  Pttblished  at  12s. 

Cont£NT8  : — Robert  Mallet,  Third  Report  upon  the  Action  of  Air  and  Water,  whether 
fresh  or  salt,  clear  or  foul,  and  at  Various  Temperatures,  upon  Cast  Iron,  Wrought  Iron,  sot' 
Steel ; — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  British  As- 
sociation  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations  ;—& 
J.  F.  W.  Herschel,  Bart.,  Report  of  the  Committee  appointed  for  the  Reduction  of  Meteoro- 
logical Observations; — Report  of  the  Committee  appointed  for  Experiments  on  Stearo- 
Engines; — Report  of  the  Committee  appointed  to  continue  their  Experiments  on  the  Vitality 
of  Seeds ; — J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  the  Frith  of 
Forth  and  the  East  Coast  of  Scotland; — J.  S.  Russell,  Notice  of  a  Report  of  the  Committee 
on  the  Form  of  Ships ; — J.  Blake,  Report  on  the  Physiological  Action  of  Medicines;— Rep*** 
of  the  Committee  on  Zoological  Nomenclature ; — Report  of  the  Committee  for  Registering 
the  Shocks  of  Earthquakes,  and  making  such  Meteorological  Observations  as  may  appear  to 
them  desirable  ;— Report  of  the  Committee  for  conducting  Experiments  with  Captive  Balloon*; 
—Prof.  Wheatstone,  Appendix  to  the  Keport; — Report  of  the  Committee  for  the  Translation 
and  Publication  of  Foreign  Scientific  Memoirs ; — C.  W.  Peach,  on  the  Habits  of  the  Marine 
Testacea , — E.  Forbes,  Report  on  the  Mollusca  and  Radiata  of  the  iEgean  Sea,  and  on  their 
distribution,  considered  as  bearing  on  Geology ; — L.  Agassis,  Synoptical  Table  of  British 
Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations ; — R.  Owen,  Report  on  the 
British  Fossil  Mammalia,  Part  II.; — E.  W.  Binney,  Report  on  the  excavation  made  it  t»# 
junction  of  the  Lower  New  Red  Sandstone  with  the  Coal  Measures  at  Collyhunt,— *• 
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Thompson,  Report  on  the  Fauna  of  Ireland :  Div.  IwoerUbrata ; — Provisional  Reports,  and 
Notices  of  Progress  in  Special  Researches  entrusted  to  Cora  rait  tee  8  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Earl  of  Rosse's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FOURTEENTH  MEETING,  at  York,  184-*, 
Published  at  £1. 

Contents  : — W.  B.  Carpenter,  on  the  Microscopic  Structure  of  Shells  ; — J.  Alder  and  A. 
Hancock,  Report  on  the  British  Nudibranchiate  Mollusca ; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants; — Report  of  a 
Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  Nomenclature  of  the 
Stars ; — Lt-Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada ; — J.  Blackwall,  Report 
on  some  recent  researches  into  the  Structure,  Functions,  and  Economy  of  the  Araneidea 
made  in  Great  Britain  ; — Earl  of  Rosse,  on  the  Construction  of  large  Reflecting  Telescopes  ; 
— Rev.  W.  V.  Harcourt,  Report  on  a  Gas-furnace  for  Experiments  on  Vitrifaction  and  other 
Applications  of  High  Heat  in  the  Laboratory ; — Report  of  the  Committee  for  Registering 
Earthquake  Shocks  in  Scotland; — Report  of  a  Committee  for  Experiments  on  Steam- Engines; 
—-Report  of  the  Committee  to  investigate  the  Varieties  of  the  Human  Race  ; — Fourth  Report 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seeds; — W.  Fair- 
bairn,  on  the  Consumption  of  Fuel  and  the  Prevention  of  Smoke ; — F.  Ronalds,  Report  con- 
cerning the  Observatory  of  the  British  Association  at  Kew ; — Sixth  Report  of  the  Committee 
appointed  to  conduct  the  Cooperation  of  the  British  Association  in  the  System  of  Simulta- 
neous Magnetical  and  Meteorological  Observations; — Prof.  Forchhammer  on  the  influence 
of  Fucoidal  Plants  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  par- 
ticularly the  Metamorphosis  of  the  Scandinavian  Alum  Slate ; — H.  E.  Strickland,  Report  on 
the  recent  Progress  and  Present  State  of  Ornithology ; — T.  Oldham,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Temperature  in  Ireland ; — Prof.  Owen, 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indicative 
of  the  former  existence  in  that  continent  of  large  Marsupial  Representatives  of  the  Order 
Pachydermata ; — W.  S.  Harris,  Report  on  the  working  of  Whewell  and  Osier's  Anemometers 
at  Plymouth,  for  the  years  1841,  1842,  1843  ; — W.  R.  Birt,  Report  on  Atmospheric  Waves; 
— L.  Agassis,  Rapport  sur  les  Poissons  Fossiles  de  l'Argile  de  Londres,  with  translation ; — J. 
S.  Russell,  Report  on  Waves ; — Provisional  Reports,  and  Notices  of  Progress  in  Special  Re- 
searches entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FIFTEENTH  MEETING,  at  Cambridge, 

1845,  Published  at  12*. 

Contents  : — Seventh  Report  of  a  Committee  appointed  to  conduct  the  Cooperation  of  the 
British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observa- 
tions ; — Lt.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay ; — J.  Blake,  Report 
on  the  Physiological  Actions  of  Medicines  ; — Dr.  Von  Boguslawski,  on  the  Comet  of  1843; 
— R.  Hunt,  Report  on  the  Actinograph ; — Prof.  Scbonbein,  on  Ozone ;-— Prof.  Erman,  on 
the  Influence  of  Friction  upon  Thermo-  Electricity ; — Baron  Senftenberg,  on  the  Self- 
Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg;— 
W.  R.  Birt,  Second  Report  on  Atmospheric  Waves ; — G.  R.  Porter,  on  the  Progress  and  Pre- 
sent Extent  of  Savings'  Banks  in  the  United  Kingdom ; — Prof.  Bunsen  and  Dr.  Playfair, 
Report  on  the  Gases  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron ; — Dr.  Richardson,  Report  on  the  Ichthyology  of  the  Seas  of  China  and  Japan  ; — 
Report  of  the  Committee  on  the  Registration  of  Periodical  Phenomena  of  Animals  and  Vege- 
tables ; — Fifth  Report  of  the  Committee  on  the  Vitality  of  Seeds  ; — Appendix,  &c. 

Together  with  the  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herschel's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SIXTEENTH  MEETING,  at  Southampton, 

1846,  Published  at  15s. 

Contents: — G.  G.  Stokes,  Report  on  Recent  Researches  in  Hydrodynamics ;— Sixth 
Report  of  the  Committee  on  the  Vitality  of  Seeds ;— Dr.  Schunck,  on  the  Colouring  Matters  of 
Msdder ; — J.  Blake,  on  the  Physiological  Action  of  Medicines ; — R.  Hunt,  Report  on  the  Ac- 
tinograph ; — R.  Hunt,  Notices  on  the  Influence  of  Light  on  the  Growth  of  Plants; — R.  L. 
Ellis,  on  the  Recent  Progress  of  Analysis ;— Prof.  Forchhammer,  on  Comparative  Analytical 
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Researches  on  Sea  Water ;— A.  Erman,  on  the  Calculation  of  the  Gaussian  Constants  for 
1829; — G.  R.  Porter,  on  the  Progress,  present  Amount,  and  probable  future  Condition  of  the 
Iron  Manufacture  in  Great  Britain  $— W.  R.  Bin,  Third  Report  on  Atmospheric  Ws?esj— 
Prof.  Owen,  Report  on  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton?— 
J.  Phillips,  on  Anemometry; — J.  Percy,  M.D*  Report  on  the  Crystalline  Flags ;— Addends 
to  Mr.  Birt's  Report  on  Atmospheric  Wares. 

Together  with  the  Transactions  of  the  Section*,  Sir  R.  I.  Murchison's  Address,  and  Be- 
commendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SEVENTEENTH  MEETING,  at  Oxford, 
1847,  Published  at  18*. 

Contents  : — Prof.  Langberg,  on  the  Specific  Gravity  of  Sulphuric  Acid  at  different  de- 
grees of  dilution,  and  on  the  relation  which  exists  between  the  Development  of  Heat  and  tse 
coincident  contraction  of  Volume  in  Sulphuric  Acid  when  mixed  with  Water; — R.  Hunt, 
Researches  on  the  Influence  of  the  Solar  Rays  on  the  Growth  of  Plants , — R.  Mallet,  on 
the  Facts  of  Earthquake  Phenomena ; — ProC.  Nilsson,  on  the  Primitive  Inhabitants  of  Scan- 
dinavia;— W.  Hopkins,  Report  on  the  Geological  Theories  of  Elevation  and  Earthquakes; 
—Dr.  W.  B.  Carpenter,  Report  on  the  Microscopic  Structure  of  Shells ; — Rev.  W.  Whewell  us* 
Sir  James  C.  Ross,  Report  upon  the  Recommendation  of  an  Expedition  for  the  purpose  of 
completing  our  knowledge  of  the  Tides; — Dr.  Schunck,  on  Colouring  Matters ;— Seventh  Re- 
port of  the  Committee  on  the  Vitality  of  Seeds ; — J.  Glynn,  on  the  Turbine  or  Honsonul 
Water- Wheel  of  France  and  Germany; — Dr.  R.  G.  Latham,  on  the  present  state  and  recent 
progress  of  Ethnographical  Philology ; — Dr.  J.  C.  Prichard,  on  the  various  methods  of  Reseuca 
which  contribute  to  the  Advancement  of  Ethnology,  and  of  the  relations  of  that  Science  to 
other  branches  of  Knowledge , — Dr.  C.  C.  J.  Bunsen,  on  the  results  of  the  recent  Bgypus* 
researches  in  reference  to  Asiatic  and  African  Ethnology,  and  the  Classification  of  Language* ; 
— Dr.  C.  Meyer,  on  the  Importance  of  the  Study  of  the  Celtic  Language  as  exhibited  by  the 
Modern  Celtic  Dialects  still  extant ; — Dr.  Max  Mtiller,  on  the  Relation  of  the  Bengali  to  tk 
Arian  and  Aboriginal  Languages  of  India; — W.  R.  Birt,  Fourth  Report  on  Atmospheric 
Waves ; — Prof.  W.  H.  Dove,  Temperature  Tables,  with  Introductory  Remarks  by  LieuL-C<i 
E.  Sabine ; — A.  Erman  and  H.  Petersen,  Third  Report  on  the  Calculation  of  the  Gaussian  Con- 
stants for  1829. 

Together  with  the  Transactions  of  the  Sections,  Sir  Robert  Harry  InglU's  Address,  sad 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  EIGHTEENTH  MEETING,  at  Swam* 

1848,  Published  at  9s. 

Contents: — Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteonj— 
J.  Glynn  on  Water-pressure  Engines ; — R.  A.  Smith,  on  the  Air  and  Water  of  Towns ; — Eighth 
Report  of  Committee  on  the  Growth  and  Vitality  of  Seeds ; — W.  R.  Birt,  Fifth  Report  on  At- 
mospheric Waves ; — E.  Schunck,  on  Colouring  Matters ; — J.  P.  Budd,  on  the  advantageous* 
made  of  the  gaseous  escape  from  the  Blast  Furnaces  at  the  Ystalyfera  Iron  Works; — R.  Host, 
Report  of  progress  in  the  investigation  of  the  Action  of  Carbonic  Acid  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Formations ; — Prof.  H.  W.  Dove,  Supplement  to  the  Tem- 
perature Tables  printed  in  the  Report  of  the  British  Association  for  1847  ; — Remarks  byProt 
Dove  on  his  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  and  oo 
some  of  the  principal  Conclusions  in  regard  to  Climatology  deducible  from  them ;  with  an  in- 
troductory Notice  by  Lt-Col.  E.  Sabine ; — Dr.  Daubeny,  on  the  progress  of  the  investigation 
on  the  Influence  of  Carbonic  Acid  on  the  Growth  of  Ferns ; — J.  Phillips,  Notice  of  further 
progress  in  Anemometrical  Researches ; — Mr.  Mallet's  Letter  to  the  Assistant-General  Secre- 
tary;— A.  Erman,  Second  Report  on  the  Gaussian  Constants ;— Report  of  a  Committee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Magnetics!  snd 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marquis  of  Northampton's  Addrea, 
and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINETEENTH  MEETING,  at  Birmingham, 

1849,  Published  at  10*. 

Contents  :— Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors ;— Esrl 
of  Rosse,  Notice  of  Nebulae  lately  observed  in  the  Six-feet  Reflector ; — Prof.  Daubeny,  on  tat 
Influence  of  Carbonic  Acid  Gas  on  the  health  of  Plants,  especially  of  those  allied  to  the  Fossl 
Remains  found  in  the  Coal  Formation  ; — Dr.  Andrews,  Report  on  the  Heat  of  Combination; 
—Report  of  the  Committee  on  the  Registration  of  the  Periodic  Phenomena  of  Plants  s*4 
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Animals  ;-t-Ninth  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  { 
— P.  Ronalds,  Report  concerning  the  Observatory  of  the  British  Association  at  Kew,  from 
Aug.  9, 1848  to  Sept.  12,  1849 ;— R.  Mallet,  Report  on  the  Experimental  Inquiry  on  Railway 
Bar  Corrosion ;— W.  R.  Birt,  Report  on  the  Discussion  o!  the  Electrical  Observations  at  Kew. 
Together  with  the  Transactions  of  the  Sections,  the  Rev.  T.  R.  Robinson's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTIETH  MEETING,  at  Edinburgh, 

1850,  Published  at  15s. 

Contents  : — R.  Mallet,  First  Report  on  the  Facts  of  Earthquake  Phenomena; — Rev.  Prof. 
Powell,  on  Observations  of  Luminous  Meteors;— Dr.  T.  Williams,  on  the  Structure  and 
History  of  the  British  Annelida; — T.  C.  Hunt,  Results  of  Meteorological  Observations  taken 
at  St.  Michael's  from  the  1st  of  January,  1840  to  the  31st  of  December,  1849;— R.  Hunt,  on 
the  present  State  of  our  Knowledge  of  the  Chemical  Actien  of  the  Solar  Radiations; — Tenth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ;— Major-Gen. 
Briggs,  Report  on  the  Aboriginal  Tribes  of  India ; — F.  Ronalds,  Report  concerning  the  Ob- 
servatory of  the  British  Association  at  Kew ;— -E.  Forbes,  Report  on  the  Investigation  of  British 
Marine  Zoology  by  means  of  the  Dredge ; — R.  MacAndrew,  Notes  on  the  Distribution  and 
Range  in  depth  of  Mollusca  and  other  Marine  Animals,  observed  on  the  coasts  of  Spain,  Por- 
tugal, Barbary,  Malta,  and  Southern  Italy  in  1849 ; — Prof.  Allman,  on  the  Present  State  of 
our  Knowledge  of  the  Freshwater  Polyxoa ;— Registration  of  the  Periodical  Phenomena  of 
Plants  and  Animals ; — Suggestions  to  Astronomers  for  the  Observation  of  the  Total  Eclipse 
of  the  Sun  on  July  28,  1851. 

Together  with  the  Transactions  of  the  Sections,  Sir  David  Brewster's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FIRST  MEETING,  at  Ipswich, 

1851,  Published  at  16s.  6a\ 

Contents  : — Rev.  Prof.  Powell,  on  Observations  of  Luminous  Meteors ; — Eleventh  Re- 
port of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ;— Dr.  J.  Drew,  on 
the  Climate  of  Southampton  ; — Dr.  R.  A.  Smith,  on  the  Air  and  Water  of  Towns :  Action  of 
Porous  Strata,  Water  and  Organic  Matter ; — Report  of  the  Committee  appointed  to  consider 
the  probable  Effects  in  an  Economical  and  Physical  Point  of  View  of  the  Destruction  of  Tro- 
pical Forests ; — A.  Henfrey,  on  the  Reproduction  and  supposed  Existence  of  Sexual  Organs 
in  the  Higher  Cryptogamous  Plants ; — Dr.  Daubeny,  on  the  Nomenclature  of  Organic  Com- 
pounds;— Rev.  Dr.  Donaldson,  on  two  unsolved  Problems  in  Indo-German  Philology,-— 
Dr.  T.  Williams,  Report  on  the  British  Annelida; — R.  Mallet,  Second  Report  on  the  Facts  of 
Earthquake  Phenomena ; — Letter  from  Prof.  Henry  to  Col.  Sabine,  on  the  System  of  Meteoro- 
logical Observations  proposed  to  be  established  in  the  United  States ; — Col.  Sabine,  Report 
on  the  Kew  Magnetographs ; — J.  Welsh,  Report  on  the  Performance  of  his  three  Magneto- 
graphs  during  the  Experimental  Trial  at  the  Kew  Observatory ; — F.  Ronalds,  Report  concern- 
ing the  Observatory  of  the  British  Association  at  Kew,  from  September  12,  1850  to  July  31, 
1851  ; — Ordnance  Survey  of  Scotland.  . 

Together  with  the  Transactions  of  the  Sections,  Prof.  Airy's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SECOND  MEETING,  at  Belfast, 

1852,  Published  at  15s. 

Contents  : — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena ; — Twelfth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Rev.  Prof. 
Powell,  Report  on  Observations  of  Luminous  Meteors,  1851-52; — Dr.  Gladstone,  on  the  In- 
fluence of  the  Solar  Radiations  on  the  Vital  Powers  of  Plants ; — A  Manual  of  Ethnological 
Inquiry  ; — Col.  Sykes,  Mean  Temperature  of  the  Day,  and  Monthly  Fall  of  Rain  at  127  Sta- 
tions under  the  Bengal  Presidency ; — Prof.  J.  D,  Forbes,  on  Experiments  on  the  Laws  of  the 
Conduction  of  Heat; — R.  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; — Dr.  Hodges, 
on  the  Composition  and  Economy  of  the  Flax  Plant ;— W.  Thompson,  on  the  Freshwater 
Fishes  of  Ulster; — W.  Thompson,  Supplementary  Report  on  the  Fauna  of  Ireland; — W.  Wills, 
onthe  Meteorology  of  Birmingham;— -J.  Thomson,  on  the  Vortex- Water-Wheel ;— J.  B.Lawes 
and  Dr.  Gilbert,  on  the  Composition  of  Foods  in  relation  to  Respiration  and  the  Feeding  of 
Animals. 

Together  with  the  Transactions  of  the  Sections,  Colonel  Sabine's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 
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PROCEEDINGS  of  the  TWENTY-THIRD   MEETING,  at  HaE, 

1853,  Published  at  10s.  6a\ 

Contents: — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors.  1852-5J 
— James  Oldham,  on  the  Physical  Features  of  the  Humber ; — James  Oldham,  on  the  Rxst, 
Progress,  and  Present  Position  of  Steam  Navigation  in  Hull; — William  Fairbalrn,  Experi- 
mental Researches  to  determine  the  Strength  of  Locomotive  Boilers,  and  the  causes  wfaidi 
lead  to  Explosion; — J.  J.  Sylvester,  Provisional  Report  on  the  Theory  of  Determinant*;— 
Professor  Hodges,  M.D.,  Report  on  the  Gases  evolved  in  Steeping  Flax,  and  on  the  Compositke 
and  Economy  of  the  Flax  Plant; — Thirteenth  Report  of  Committee  on  Experiments  on  the 
Growth  and  Vitality  of  Seeds ; — Robert  Hunt,  on  the,Chemical  Action  of  the  Solar  RadiatuM; 
— John  P.  Bell,  M.D.,  Observations  on  the  Character  and  Measurements  of  Degradation  of  the 
Yorkshire  Coast;  First  Report  of  Committee  on  the  Physical  Character  of  the  Moon's  Sur- 
face, as  compared  with  that  of  the  Earth ; — R.  Mallet,  Provisional  Report  on  Earthoasie 
Wave-Transits ;  and  on  Seismometrical  Instruments ; — William  Fairbaim,  on  the  Mechanical 
Properties  of  Metals  as  derived  from  repeated  Meltings,  exhibiting  the  maximum  petat  ef 
strength  and  the  causes  of  deterioration ; — Robert  Mallet,  Third  Report  on  the  Facts  of  Earth- 
quake Phenomena  (continued). 

Together  with  the  Transactions  of  the  Sections,  Mr.  Hopkins's  Address,  and  Recommeads- 
dons  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FOURTH  MEETING,  at  Lrtw- 

pool,  1854,  Published  atlSs. 

Contents: — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena  (continued/; 
— Major-General  Chesney,  on  the  Construction  and  General  Use  of  Efficient  life-Boats; — Rev. 
Prof.  Powell,  Third  Report  on  the  present  State  of  our  Knowledge  of  Radiant  Heat ; — Cokad 
Sabine,  on  some  of  the  results  obtained  at  the  British  Colonial  Magnetic  Observatories  ;— 
Colonel  Portlock,  Report  of  the  Committee  on  Earthquakes,  with  their  proceedings  respectiae; 
Seismometers ; — Dr.  Gladstone,  on  the  influence  of  the  Solar  Radiations  on  the  Vital  Powerj 
of  Plants,  Part  2; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1853-54; 
—Second  Report  of  the  Committee  on  the  Physical  Character  of  the  Moon's  Surface  ; — W.  G. 
Armstrong,  on  the  Application  of  Water- Pressure  Machinery ; — J.  B.  Lawes  and  Dr.  Gilbert, 
on  the  Equivalency  of  Starch  and  Sugar  in  Food ;— Archibald  Smith,  on  the  Deviations  of  At 
Compass  in  Wooden  and  Iron  Ships  ; — Fourteenth  Report  of  Committee  on  Experiments  oa 
the  Growth  and  Vitality  of  Seeds. 

Together  with  the  Transactions  of  the  Sections,  the  Earl  of  Harrowby's  Addresa,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FIFTH  MEETING,  at  Glawow, 
1855,  Published  at  15s. 

Contents  : — T.  Dobson,  Report  on  the  Relation  between  Explosions  in  Coal- Mines  and 
Revolving  Storms; — Dr.  Gladstone,  on  the  Influence  of  the  Solar  Radiations  on  the  Vital  Powers 
of  Plants  growing  under  different  Atmospheric  Conditions,  Part  3 ; — C.  Spence  Bate,  on  the 
British  Edriophthalma ; — J.  F.  Bateman,  on  the  present  state  of  our  knowledge  on  the  Supply 
of  Water  to  Towns ; — Fifteenth  Report  of  Committee  on  Experiments  on  the  Growth  and 
Vitality  of  Seeds ; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1854-55 ; 
—Report  of  Committee  appointed  to  inquire  into  the  best  means  of  ascertaining  those  pro- 
perties of  Metals  and  effects  of  various  modes  of  treating  them  which  are  of  importance  to  the 
durability  and  efficiency  of  Artillery ; — Rev.  Prof.  Henslow,  Report  on  Typical  Objects  ia 
Natural  History; — A.  Follett  Osier,  Account  of  the  Self- Registering  Anemometer  and  Raia- 
Gauge  at  the  Liverpool  Observatory ; — Provisional  Reports. 

Together  with  the  Transactions  of  the  Sections,  the  Duke  of  Argyll's  Address,  and  Recoss* 
mendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SIXTH  MEETING,  at  Chel- 
tenham, 1856,  Published  at  18*. 

Contents  : — Report  from  the  Committee  appointed  to  investigate  and  report  upon  the 
effects  produced  upon  the  Channels  of  the  Mersey  by  the  alterations  which  within  the  but 
fifty  years  have  been  made  in  its  Banks; — J.  Thomson,  Interim  Report  on  progress  in  Re- 
searches on  the  Measurement  of  Water  by  Weir  Boards ; — Dredging  Report,  Frith  of  Clyde, 
1856; — Rev.  B.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1855-1856  ;—Pr©£ 
Bunsen  and  Dr.  H.  E.  Roscoe,  Photochemical  Researches ;— Rev.  James  Booth,  on  the  Trigo- 
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nometry  of  the  Parabola,  and  the  Geometrical  Origin  of  Logarithms ; — R.  MacAndrew,  Report 
on  the  Marine  Testaceous  Mollusca  of  the  North-east  Atlantic  and  Neighbouring  Seas,  and 
the  physical  conditions  affecting  their  development; — P.  P.  Carpenter,  Report  on  the  present 
state  of  our  knowledge  with  regard  to  the  Mollusca  of  the  West  Coast  of  North  America; — 
T.  C.  Eyton,  Abstract  of  First  Report  on  the  Oyster  Beds  and  Oysters  of  the  British  Shores; 
— Prof.  Phillips,  Report  on  Cleavage  and  Foliation  in  Rocks,  and  on  the  Theoretical  Expla- 
nations of  these  Phenomena:  Part  I.; — Dr.  T.  Wright  on  the  Straiigraphical  Distribution  of 
the  Oolitic  Echinodermata  ; — W.  Fairbairn,  on  the  Tensile  Strength  of  Wrought  Iron  at  various 
Temperatures ; — C.  Atherton,  on  Mercantile  Steam  Transport  Economy ; — J.  S.  Bowerbank.on 
the  Vital  Powers  of  the  Spongiadse; — Report  of  a  Committee  upon  the  Experiments  conducted 
at  Stormontfield,  near  Perth,  for  the  artificial  propagation  of  Salmon ; — Provisional  Report  on 
the  Measurement  of  Ships  for  Tonnage ; — On  Typical  Forms  of  Minerals,  Plants  and  Animals 
for  Museums ; — J.  Thomson,  Interim  Report  on  Progress  in  Researches  on  the  Measure- 
ment of  Water  by  Weir  Boards; — R.  Mallet,  on  Observations  with  the  Seismometer ; — A. 
Cayley,  on  the  Progress  of  Theoretical  Dynamics ; — Report  of  a  Committee  appointed  to  con- 
sider the  formation  of  a  Catalogue  of  Philosophical  Memoirs. 

Together  with  the  Transactions  of  the  Sections,  Dr.Daubeny's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  TWENTY-SEVENTH  MEETING,  at 
Dublin,  1857,  Published  at  15s. 

Contents: — A.  Cayley,  Report  on  the  Recent  Progress  of  Theoretical  Dynamics; — Six- 
teenth and  final  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; 
— James  Oldham,  C.E.,  continuation  of  Report  on  Steam  Navigation  at  Hull; — Report  of  a 
Committee  on  the  Defects  of  the  present  methods  of  Measuring  and  Registering  the  Tonnage 
of  Shipping,  as  also  of  Marine  Engine-Power,  and  to  frame  more  perfect  rules,  in  order  that 
a  correct  and  uniform  principle  may  be  adopted  to  estimate  the  Actual  Carrying  Capabilities 
and  Working-Power  of  Steam  Ships; — Robert  Were  Fox,  Report  on  the  Temperature  of 
some  Deep  Mines  in  Cornwall ; — Dr.  G.  Plarr,  De  quelques  Transformations  de  la  Somme 

-«a/i+i3<i+i  a*i+i 

2*     ■  t   t.    ,,  a  e*tant  entier  negatif,  et  de  quelques  cas  dans  lesquels  cette  somme 

est  exprimable  par  une  combinaison  de  factorielles,  la  notation  al+i  design  ant  le  produit  des 
/  facteurs  a  (a+1)  (a+2)  &c....(a+*—l);— G.Dickie,  M.D.,  Report  on  the  Marine  Zoology 
of  Strangford  Lough,  County  Down,  and  corresponding  part  of  the  Irish  Channel ; — Charles 
Atherton,  Suggestions  for  Statistical  Inquiry  into  the  extent  to  which  Mercantile  Steam  Trans- 
port Economy  is  affected  by  the  Constructive  Type  of  Shipping,  as  respects  the  Proportions  of 
Length,  Breadth,  and  Depth  ; — J.  S.  Bowerbank,  Further  Report  on  the  Vitality  of  the  Spon- 
giadae; — John  P.  Hodges,  M.D.,  on  Flax; — Major-General  Sabine,  Report  of  the  Committee 
on  the  Magnetic  Survey  of  Great  Britain; — Rev.  Baden  Powell,  Report  on  Observations  of 
Luminous  Meteors,  1856-57  ; — C.  Vignoles,  C.E.,  on  the  Adaptation  of  Suspension  Bridges  to 
sustain  the  passage  of  Railway  Trains; — Professor  W.  A.  Miller,  M.D.,  on  Electro- Chemistry; 
— John  Simpson,  R.N.,  Results  of  Thermometries  Observations  made  at  the  '  Plover's ' 
Wintering-place,  Point  Barrow,  latitude  71°  21'  N.,  long.  156°  17'  W.,  in  1852-54 ;— Charles 
James  Hargreave,  LL.D.,  on  the  Algebraic  Couple ;  and  on  the  Equivalents  of  Indeterminate 
Expressions; — Thomas  Grubb,  Report  on  the  Improvement  of  Telescope  and  Equatorial 
Mountings ; — Professor  James  Buckman,  Report  on  the  Experimental  Plots  in  the  Botanical 
Garden  of  the  Royal  Agricultural  College  at  Cirencester ; — William  Fairbairn  on  the  Resistance 
of  Tubes  to  Collapse ; — George  C.  Hyndman,  Report  of  the  Proceedings  of  the  Belfast  Dredging 
Committee  ; — Peter  W.  Barlow,  on  the  Mechanical  Effect  of  combining  Girders  and  Suspen- 
sion Chains,  and  a  Comparison  of  the  Weight  of  Metal  in  Ordinary  and  Suspension  Girders, 
to  produce  equal  deflections  with  a  given  load ; — J.  Park  Harrison,  M.A.,  Evidences  of  Lunar 
Influence  on  Temperature ; — Report  on  the  Animal  and  Vegetable  Products  imported  into 
Liverpool  from  the  year  1851  to  1855  (inclusive) ; — Andrew  Henderson,  Report  on  the  Sta- 
tistics of  Life-boats  and  Fishing-boats  on  the  Coasts  of  the  United  Kingdom. 

Together  with  the  Transactions  of  the  Sections,  Rev.  H.  Lloyd's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-EIGHTH  MEETING,  at  Leeds, 
September  1858,  Published  at  20s. 

Contents: — R.  Mallet,  Fourth  Report  upon  the  Facts  and  Theory  of  Earthquake  Phe- 
nomena;— Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1857-58 ; — R.  II. 
Meade,  on  some  Points  in  the  Anatomy  of  the  Araneidea  or  true  Spiders,  especially  on  the 
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internal  structure  of  their  Spinning  Organs; — W.  Fairbairn,  Report  of  the  Committee  on  die 
Patent  Laws ; — S.  Eddy,  on  the  l*ead  Mining  Districts  of  Yorkshire  ; — W.  Fairbairn,  on  the 
Collapse  of  Glass  Globes  and  Cylinders ; — Dr.  E.  Perceval  Wright  and  Prot  J.  Reay  Greene, 
Report  on  the  Marine  Fauna  of  the  South  and  West  Coasts  of  Ireland ; — Prof.  J.  Thomson,  on 
Experiments  on  the  Measurement  of  Water  by  Triangular  Notches  in  Weir  Boards ; — Major- 
General  Sabine,  Report  of  the  Committee  on  the  Magnetic  Surrey  of  Great  Britain ; — Michael 
Connal  and  William  Keddie,  Report  on  Animal,  Vegetable,  and  Mineral  Substance*  imported 
from  Foreign  Countries  into  the  Clyde  (including  the  Ports  of  Glasgow,  Greenock,  and  Port 
Glasgow)  in  the  years  1853, 1854, 1855, 1856,  and  1857 ; — Report  of  the  Committee  on  Ship- 
ping Statistics; — Rev.  H.  Lloyd,  D.D.,  Notice  of  the  Instruments  employed  in  the  Mag- 
netic Survey  of  Ireland,  with  some  of  the  Results; — Prof.  J.  R.  Kinahan,  Report  of-  Dublin 
Dredging  Committee,  appointed  1857-68 ; — Prof.  J.  R.  Kinahan,  Report  on  Crustacea  of  Dub- 
lin District ; — Andrew  Henderson,  on  River  Steamers,  their  Form,  Construction,  and  Fittings, 
with  reference  to  the  necessity  for  improving  the  present  means  of  Shallow- Water  Navigation 
on  the  Rivers  of  British  India; — George  C.  Hyndman,  Report  of  the  Belfast  Dredging  Com- 
mittee ; — Appendix  to  Mr.  Vignoles's  paper  "  On  the  Adaptation  of  Suspension  Bridges  to  ans- 
tain  the  passage  of  Railway  Trains;"-— Report  of  the  Joint  Committee  of  the  Royal  Society  and 
the  British  Association,  for  procuring  a  continuance  of  the  Magnetic  and  Meteorological  Ob- 
servatories ;— R.  Beckley,  Description  of  a  Self-recording  Anemometer. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Owen's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-NINTH  MEETING,  at  Aberdeen 
September  1859,  Published  at  15s. 

Contents  : — George  C.  Foster,  Preliminary  Report  on  the  Recent  Progress  and  Present 
State  of  Organic  Chemistry ; — Professor  Buckman,  Report  on  the  Growth  of  Plants  in  the 
Garden  of  the  Royal  Agricultural  College,  Cirencester ; — Dr.  A.  Voelcker,  Report  on  FieM 
Experiments  and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to  cultivated 
Crops ; — A.  Thomson,  Esq.  of  Banchory,  Report  on  the  Aberdeen  Industrial  Feeding  Schools  ; 
— On  the  Upper  Silurians  of  Lesmahago,  Lanarkshire ;— Alphonse  Gages,  Report  on  the  Re- 
sults obtained  by  the  Mechanico-Cbemical  Examination  of  Rocks  and  Minerals  ;— William 
Fairbairn,  Experiments  to  determine  the  Efficiency  of  Continuous  and  Self-acting  Breaks  for 
Railway  Trains ; — Professor  J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee  for 
1858-59; — Rev.  Baden  Powell,  Report  on  Observations  of  Luminous  Meteors  for  1858-59; 
—Professor  Owen,  Report  on  a  Series  of  Skulls  of  various  Tribes  of  Mankind  inhabiting 
Nepal,  collected,  and  presented  to  the  British  Museum,  by  Bryan  H.  Hodgson,  Esq.,  late  Re- 
sident in  Nepal,  &c  &c  ; — Messrs.  Maskelyne,  Hadow,  Hardwich,  and  Llewelyn,  Report  on 
the  Present  State  of  our  Knowledge  regarding  the  Photographic  Image; — G.  C.  Hyndmaa, 
Report  of  the  Belfast  Dredging  Committee  for  1859 ; — James  Oldham,  Continuation  of  Report 
of  the  Progress  of  Steam  Navigation  at  Hull ; — Charles  Atherton,  Mercantile  Steam  Trans- 
port Economy  as  affected  by  the  Consumption  of  Coals ; — Warren  de  la  Rue,  Report  on  the 
present  state  of  Celestial  Photography  in  England ; — Professor  Owen,  on  the  Orders  of  Fossil 
and  Recent  Reptilia,  and  their  Distribution  in  Time ; — Balfour  Stewart,  on  some  Results  of  the 
Magnetic  Survey  of  Scotland  in  the  years  1857  and  1858,  undertaken,  at  the  request  of  the 
British  Association,  by  the  late  John  Welsh,  Esq.,  F.R.S.;— W.  Fairbairn,  The  Patent  Laws: 
Report  of  Committee  on  the  Patent  Laws; — J.  Park  Harrison,  Lunar  Influence  on  the  Tem- 
perature of  the  Air ; — Balfour  Stewart,  an  Account  of  the  Construction  of  the  Self-recording 
Magnetographs  at  present  in  operation  at  the  Kew  Observatory  of  the  British  Association  ;— 
Prof.  H.  J.  Stephen  Smith,  Report  on  the  Theory  of  Numbers,  Part  I. ; — Report  of  the 
Committee  on  Steamship  performance ; — Report  of  the  Proceedings  of  the  Balloon  Committee 
of  the  British  Association  appointed  at  the  Meeting  at  Leeds ; — Prof.  William  K.  Sullivan, 
Preliminary  Report  on  the  Solubility  of  Salts  at  Temperatures  above  100°  Cent,  and  on  the 
Mutual  Action  of  Salts  in  Solution. 

Together  with  the  Transactions  of  the  Sections,  Prince  Albert's  Address,  and  Recommenda* 
tions  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTIETH  MEETING,  at  Oxford,  June 
and  July  1860,  Published  at  15s. 

Contents  : — James  Glaisher,  Report  on  Observations  of  Luminous  Meteors,  1859-60  ,— 
J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee ; — Rev.  J.  Anderson,  Report  osi 
the  Escavations  in  Dura  Den ; — Professor  Buckman,  Report  on  the  Experimental  Plots  in  the 
Botanical  Garden  of  the  Royal  Agricultural  College,  Cirencester  j— Rev.  R.  Walker,  Report  ef 
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the  Committee  on  Balloon  Ascents; — Prof.  W.  Thomson, Report  of  Committee  appointed  to 
prepare  a  Self-recording  Atmospheric  Electrometer  for  Kew,  and  Portable  Apparatus  for  ob- 
serving Atmospheric  Electricity  ;— William  Fairbairn,  Experiments  to  determine  the  Effect  of 
Vibratory  Action  and  long-continued  Changes  of  Load  upon  W rough t-iron  Girders ; — R.  P. 
Greg,  Catalogue  of  Meteorites  and  Fireballs,  from  a.d.  2  to  a.d.  1860 ; — Prof.  H.J.  S.  Smith, 
Report  on  the  Theory  of  Numbers,  Part  II.; — Vice-Admiral  Moorsom,  on  the  Performance  of 
Steam-vessels,  the  Functions  of  the  Screw,  and  the  Relations  of  its  Diameter  and  Pitch  to  the 
Form  of  the  Vessel ;— Rev.  W.  V.  Harcourt,  Report  on  the  Effects  of  long-continued  Heat, 
illustrative  of  Geological  Phenomena ; — Second  Report  of  the  Committee  on  Steamship  Per- 
formance ; — Interim  Report  on  the  Gauging  of  Water  by  Triangular  Notches  ; — List  of  the 
British  Marine  Invertebrate  Fauna. 

Together  with  the  Transactions  of  the  Sections,  Lord  Wrottesley's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  THIRTY-FIRST  MEETING,  at  Manches- 
ter, September  1861,  Published  at  £1. 

Contents  : — James  Glaisher,  Report  on  Observations  of  Luminous  Meteors  ; — Dr.  E. 
Smith,  Report  on  the  Action  of  Prison  Diet  and  Discipline  on  the  Bodily  Functions  of  Pri- 
soners, Part  I. ; — Charles  Atberton,  on  Freight  as  affected  by  Differences  In  the  Dynamic 
Properties  of  Steamships ; — Warren  De  la  Rue,  Report  on  the  Progress  of  Celestial  Photo- 
graphy since  the  Aberdeen  Meeting; — B.  Stewart,  on  the  Theory  of  Exchanges,  and  its  re- 
cent extension ; — Drs.  E.  Scbunck,  R.  Angus  Smith,  and  H.  E.  Roscoe,  on  the  Recent  Pro- 
gress and  Present  Condition  of  Manufacturing  Chemistry  in  the  South  Lancashire  District; — 
Dr.  J.  Hunt,  on  Ethno-Climalology  ;  or,  the  Acclimatization  of  Man;— Prof.  J.Thomson,  on 
Experiments  on  the  Gauging  of  Water  by  Triangular  Notches ; — Dr.  A.  Voelcker,  Report  on 
Field  Experiments  and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to 
cultivated  Crops ; — Prof.  H.  Hennessy,  Provisional  Report  on  the  Present  State  of  our  Know- 
ledge respecting  the  Transmission  of  Sound-signals  during  Fogs  at  Sea; — Dr.  P.  L.  Sclater 
and  F.  von  Hochstetter,  Report  on  the  Present  State  of  our  Knowledge  of  the  Birds  of  the 
Genus  Apteryx  living  in  New  Zealand ; — J.  G.  Jeffreys,  Report  of  the  Results  of  Deep-sea 
Dredging  in  Zetland,  with  a  Notice  of  several  Species  of  Mollusca  new  to  Science  or  to  the 
British  Isles; — Prof.  J.  Phillips,  Contributions  to  a  Report  on  the  Physical  Aspect  of  the 
Moon ; — W.  R.  Birt,  Contribution  to  a  Report  on  the  Physical  Aspect  of  the  Moon ; — Dr. 
Collingwood  and  Mr.  Byerley,  Preliminary  Report  of  the  Dredging  Committee  of  the  Mersey 
and  Dee ; — Third  Report  of  the  Committee  on  Steamship  Performance ; — J.  G.  Jeffreys, 
Preliminary  Report  on  the  Best  Mode  of  preventing  the  Ravages  of  Teredo  and  other  Animals 
in  our  Ships  and  Harbours ; — R.  Mallet,  Report  on  the  Experiments  made  at  Holyhead  to 
ascertain  the  Transit- Velocity  of  Waves,  analogous  to  Earthquake  Waves,  through  the  local 
Rock  Formations ; — T.  Dobson,  on  the  Explosions  in  British  Coal-Mines  during  the  year  1859; 
—J.  Oldham,  Continuation  of  Report  on  Steam  Navigation  at  Hull ; — Professor  G.  Dickie, 
Brief  Summary  of  a  Report  on  the  Flora  of  the  North  of  Ireland ; — Professor  Owen,  on  the 
Psychical  and  Physical  Characters  of  the  Mincopies,  or  Natives  of  the  Andaman  Islands,  and 
on  the  Relations  thereby  indicated  to  other  Races  of  Mankind ; — Colonel  Sykes,  Report  of  the 
Balloon  Committee ; — Major-General  Sabine,  Report  on  the  Repetition  of  the  Magnetic  Sur- 
vey of  England ; — Interim  Report  of  the  Committee  for  Dredging  on  the  North  and  East 
Coasts  of  Scotland  ; — W.  Fairbairn,  on  the  Resistance  of  Iron  Plates  to  Statical  Pressure  and 
the  Force  of  Impact  by  Projectiles  at  High  Velocities ; — W.  Fairbairn,  Continuation  of  Report 
to  determine  the  effect  of  Vibratory  Action  and  long-continued  Changes  of  Load  upon 
Wrought-Iron  Girders ; — Report  of  the  Committee  on  the  Law  of  Patents ;— Prof.  H.  J.  S. 
Smith,  Report  on  the  Theory  of  Numbers,  Part  III. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Fairbairn's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  THIRTY-SECOND  MEETING,  at  Cam- 
bridge, October  1862,  Published  at  £1. 

Contents  : — James  Glaisher,  Report  on  Observations  of  Luminous  Meteors,  1861-62; — 
G.  B.  Airy,  on  the  Strains  in  the  Interior  of  Beams ; — Archibald  Smith  and  F.  J.  Evans, 
Report  on  the  three  Reports  of  the  Liverpool  Compass  Committee ; — Report  on  Tidal  Ob- 
servations on  the  H  umber ;— T.  Aston,  on  Rifled  Guns  and  Projectiles  adapted  for  Attacking 
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Armour-plate  Defences ;— Extracts,  relating  to  the  Observatory  at  Kew,  from  a  Report 
presented  to  the  Portuguese  Government,  by  Dr.  J.  A.  de  Souza ;— H.  T.  MenneU,  Repast 
on  the  Dredging  of  the  Northumberland  Coast  and  Dogger  Bank ; — Dr.  Cuthbert  Colting* 
wood*  Report  upon  the  best  means  of  advancing  Science  through  the  agency  of  the  Mercan- 
tile Marine; — Messrs.  Williamson,  Wheatstoue,  Thomson,  Miller,  Matthiessen,  and  Jenlrin, 
Provisional  Report  on  Standards  of  Electrical  Resistance ;— Preliminary  Report  of  the  Com- 
mittee for  investigating  the  Chemical  and  Mineralogical  Composition  of  the  Granites  of  Do- 
negal ;— Prof.  H.  Hennessy,  on  the  Vertical  Movements  of  the  Atmosphere  considered  In 
connexion  with  Storms  and  Changes  of  Weather ; — Report  of  Committee  on  the  application 
of  Gauss's  General  Theory  of  Terrestrial  Magnetism  to  the  Magnetic  Variations ; — Fleeming 
Jenkin,  on  Thermo-electric  Currents  in  Circuits  of  one  Metal  j — W.  Fairbairn,  on  the  Me- 
chanical Properties  of  Iron  Projectiles  at  High  Velocities ;— A.  Cayley,  Report  on  the  Pro- 
gress of  the  Solution  of  certain  Special  Problems  of  Dynamics ; — Prof.  G.  G.  Stokes,  Report 
on  Double  Refraction ; — Fourth  Report  of  the  Committee  on  Steamship  Performance ; — 
G.  J.  Symons,  on  the  Fall  of  Rain  in  the  British  Isles  in  1860  and  1861 ; — J.  Ball,  on  Ther- 
momctric  Observations  in  the  Alps ; — J.  G.  Jeffreys,  Report  of  the  Committee  for  Dredging 
on  the  N.and  E.  Coasts  of  Scotland ; — Report  of  the  Committee  on  Technical  and  Scientific 
Evidence  in  Courts  of  Law ; — James  Glaisher,  Account  of  Eight  Balloon  Ascents  in  1862 ; — ■ 
Prof.  H.  J.  S.  Smith,  Report  on  the  Theory  of  Numbers,  Part  IV. 

Together  with  the  Transactions  of  the  Sections,  the  Rev.  Prof.  R.  Willis's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTY-THIRD   MEETING,  at   New- 
castle-upon-Tyne, August  and  September  1863,  Published  at  £1  5s. 

Contents  : — Report  of  the  Committee  on  the  Application  of  Gun-cotton  to  Warlike  Pur- 
poses ; — A.  Matthiessen,  Report  on  the  Chemical  Nature  of  Alloys ; — Report  of  the  Com- 
mittee on  the  Chemical  and  Mineralogical  Constitution  of  the  Granites  of  Donegal,  and  of 
the  Rocks  associated  with  them ; — J.  6.  Jeffreys,  Report  of  the  Committee  appointed  foe 
Exploring  the  Coasts  of  Shetland  by  means  of  the  Dredge ; — 6.  D.  Gibb,  Report  on  the 
Physiological  Effects  of  the  Bromide  of  Ammonium ;— C.  K.  Aken,  on  the  Transmutation  of 
Spectral  Rays,  Fart  I. : — Dr.  Robinson,  Report  of  the  Committee  on  Fog  Signals ; — Report 
of  the  Committee  on  Standards  of  Electrical  Resistance ; — E.  Smith,  Abstract  of  Report  by 
the  Indian  Government  on  the  Foods  used  by  the  Free  and  Jail  Populations  in  India ; — A. 
Gages,  Synthetical  Researches  on  the  Formation  of  Minerals,  &c, — R.  Mallet,  Preliminary 
Report  on  the  Experimental  Determination  of  the  Temperatures  of  Volcanic  Foci,  and  of  the 
Temperature,  State  of  Saturation,  and  Velocity  of  the  issuing  Gases  and  Vapours  ; — Report 
of  the  Committee  on  Observations  of  Luminous  Meteors ; — Fifth  Report  of  the  Committee 
on  Steamship  Performance ;  G.  J.  Allman,  Report  on  the  Present  State  of  our  Knowledge 
of  the  Reproductive  System  in  the  Hydroida; — J.  Glaisher,  Account  of  Five  Balloon  Ascents 
made  in  1863; —  P.  P.  Carpenter,  Supplementary  Report  on  the  Present  State  of  our  Know- 
ledge with  regard  to  the  Mollusca  of  the  West  Coast  of  North  America ; — Professor  Airy, 
Report  on  Steam-boiler  Explosions; — C.  W.  Siemens,  Observations  on  the  Electrical  Resist- 
ance and  Electrification  of  some  Insulating  Materials  under  Pressures  up  to  300  Atmo- 
spheres ; — C.  M.  Palmer,  on  the  Construction  of  Iron  Ships  and  the  Progress  of  Iran  Ship- 
building on  the  Tyne,  Wear,  and  Tees ; — Messrs.  Richardson,  Stevenson,  and  Clapham.  oa 
the  Chemical  Manufactures  of  the  Northern  Districts ; — Messrs.  Sopwith  and  Richardson, 
on  the  Local  Manufacture  of  Lead,  Copper,  Zinc,  Antimony,  &c. ; — Messrs.  Daglish  and 
Forster,  on  the  Magnesian  Limestone  of  Durham  ;— I.  L.  Bell,  on  the  Manufacture  of  Iron 
in  connexion  with  the  Northumberland  and  Durham  Coal-field ;— T.  Spencer,  on  the  Manu- 
facture of  Steel  in  the  Northern  District ; — H.  J.  S.  Smith,  Report  on  the  Theory  of  Num- 
bers, Part  V. 

Together  with  the  Transactions  of  the  Sections,  Sir  William  Armstrong's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  THIRTY-FOURTH  MEETING,  at  Bath, 

September  1 864.    Published  at  1 8*. 

Contents  : — Report  of  the  Committee  for  Observations  of  Luminous  Meteors ; — Report 
of  the  Committee  on  the  best  means  of  providing  for  a  Uniformity  of  Weights  and  Mea- 
sures i — T.  S.  Cobbold,  Report  of  Experiments  respecting  the  Development  and  Migration 
of  the  Entozoa ; — B.  W.  Richardson,  Report  on  the  Physiological  Action  of  Nitrite  of  Amyi; 
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MJL.    Woodcuts.    Post8vo.    7*.  to. 

HISTORY    OF    GREECE;     from    the   Earliest 


Times  to  the  Roman  Conquest.  With  the  History  of  Literature  and  Art. 
By  Wm.  Smith,  LL.I).   Woodcuts.    Crown  8vo.  7$.  to. 
%*  Questions  on  the  above  Work,  12mo.    2s. 

HISTORY  OF  ROME;  from  the  Earliest  Times 


to  the  Establishment  of  the  Empire.    With  the  History  of  Literature 
and  Art.    By  Dean  Ltddhll.    Woodcuts.  Crown  8vo.  7*.  to. 

GIBBON ;  an  Epitome  of  the  Decline  and  Fall  of  the 

Roman  Empire.  Incorporating  the  Researches  of  Recent  Commentators. 
Woodcuts.    Post  8vo.    7s.  W. 

OLD  TESTAMENT  HISTORY;  from  the  Creation 


to  the  Return  of  the  Jews  from  Captivity.    Maps  and  Woodeuts.    Post 
8vo.    7#.to. 

NEW  TESTAMENT   HISTORY.    With  an  Intro- 


duction  connecting  the  History  of  the  Old  and  Mew  Testaments.    Maps 
and  Woodcuts.    Post8vo.    7*.  to. 

BLACKSTONE :  a  Systematic  Abridgment  of  the 


Entire  Commentaries.  By  R.  Malcolm  Kkbb,  LL.D.   Post8vo.  7*.  to. 
MANUAL  OF  ANCIENT  GEOGRAPHY.  By  Rbt. 

W.  L.  Bevan,  M. A.    Woodcuts.    Post  8vo.    7*.  to. 
MODERN  GEOGRAPHY.    ByRir. 

W.  L.  Bkvax.    Woodcuts.    Post  8vo.    (In  the  Preu.) 

ECCLESIASTICAL      HISTORY, 


Containing  the  History  of  the  Christian  Church  from  the  Close  of  the 
Mew  Testament  Canon  to  the  Reformation.  Post  8vo.  (In  preparation.) 

MORAL    PHILOSOPHY.      With 


Quotations  and  References.  By  William  Fleming,  D.D.  Post8vo.  7s.6rf. 

ENGLISH  LANGUAGE.    BjGko. 

P.  Mab8H.    Post8vo.    7s.&i 

ENGLISH  LITERATURE.  ByT.B. 

Shaw,  M.A.    Post  8ro.    7s.  to. 

SPECIMENS     OF     ENGLISH    LITERATURE. 


Selected  from  the  Chief  Writers.     By  Thomas  a  8haw,  M.A.   Pest 
8vo.   7s.  to. 
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TWISS'  (Horace)  Life  of  Lord  Chancellor  Eldon,  with  Selections 
from  his  Correspondence.     Portrait     Third  Edition.    2  Vol*.  Pott 

8vo.    21s. 

TYTLER'S  (Patriot  Prasib)  Memoirs.    By  Bit.  J.  W.  Burooe, 

MA.    8vo.    »s. 
VAMBERT8  (Armietus)  Travels  in  Central  Asia,  from  Teheran 
across  the  Turkoman  Desert  on  the  Eastern  Shore  of  the  Caspian  to 
Khiva,  Bokhara,  and  Ssmarcand  in  1868.  M*p  and  Illustrations.  8vo.  21s. 

TAN  LENNEP  (Hrhry  J.)  Missionary  Travels  in  Little  Known 
Parts  of  Asia  Minor.  With  Map  and.IUustrations.  2  Vols.  Post8vc 
(/a  preparation.) 

VAUGHAN'S  (Rbv.  Dr.)  Sermons  preached  in  Harrow  School. 

8vo.     10s.  64. 

WAAGEN'S  (Dr.)  Treasures  of  Art  in  Great  Britain.  Being  an 
Account  of  the  Chief  Collections  of  Paintings,  Sculpture,  Manuscripts, 
Miniatures,  Ac.  Ac,  in  this  Country.  Obtained  from  Personal  Inspec- 
tion during  Visits  to  England.    4  vols.    8vo. 

WELLINGTON'S  (Thi  Dure  op)  Despatches  during  his  various 
Campaigns.    8  Vols.   8vo.    21s.  each. 

Supplementary  Despatches.     Vols.  L  to  XII. 

8vo.    20*.  each. 

Civil  and  Political  Correspondence.    Vols.  T.  to 


III.    8vo.    20s.  each. 

Selections  from  Despatches  and  General  Orders. 

8to.    18s. 

Speeches  in  Parliament.    2  Vols.    8vo.    43t. 

WHITE'S  (Herri)  Massacre  of  St.  Bartholomew.  Preceded  by  a 
History  of  the  Religious  Wars  in  the  Reign  of  Charles  IX.  Based  on 
a  Personal  Examination  of  Documents  in  the  Archives  of  France. 
With  Illustrations.    8vo.    16s. 

WHYMPER'S  (Frederick)  Travels  and  Adventures  in  Alaska  and 
on  the  Klver  Yukon,  the  Russian  Territory,  now  ceded  to  the  United 
8tates,  and  Visits  to  other  parts  of  the  North  Pacific  With  Illustra- 
tions.   8vo.    (In  preparation.) 

WILKINSON'S  (Sir  J.  G.)  Popular  Account  of  the  Private  Life, 
Manners,  and  Customs  of  the  Ancient  Egyptians.  With  600  Woodcuts. 
2  Vols.  Post8vo.    12s. 

WILSON'S  (Bishop  Daniel)  Life,  Letters,  and  Journals.  By 
Rev.  Jo8iah  Batbmah.    Second  Edition.    Illustrations.    Post  8vo.    9*. 

(Gehl«  Sir  Robert)    Secret  History  of  the  French 

Invasion  of  Russia,  and  Retreat  of  the  French  Army,  1812.   Second 
Edition.    8vc    16s. 

Private    Diary  of  Travels,  Personal    Services,   and 

Public  Events,  during  Missions  and  Employments  in  Spain,  Sloilj, 
Turkey,  Russia,  Poland,  Germany,  Ac  1812-14.    2  Vols.    8vo.    26s. 

Autobiographical  Memoirs.    Containing  an  Account  of 

his  Early  Life  down  to  the  Peace  of  Tilsit.    Portrait    2  Vols.   8vo. 

26s. 
WOOD  (Sir  W.  P.)  On  the  Continuity  of  Scripture,  as  Declared 

by  the  Testimony  of  Oar  Lord  and  of  the  Evangelists  and  Apostles. 

Second  Edition.    Post8vc    6*. 

WORDSWORTH'S  (Archdeacon)  Journal  of  a  Tour  in  Athens  and 
Attica,    Third  Edition.    Plates.    Post8vo.    8s.  6a*. 

Pictorial,  Descriptive,  and  Historical  Account 


of  Greece.   Nm  and  Cheaper  Edition.  With  600  Woodcuts. .  Royal  8vo. 
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